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[DESCRIPTION] 

[Title] 

AUDIO PROCESSING APPARATUS AND METHOD, AND PROGRAM 

[Technical Field] 

[0001] 

The present technology relates to an audio processing 

apparatus and method and a program, and particularly to 

an audio processing apparatus and method and a program by 

which sound of higher quality can be obtained. 

[Background Art] 

[0002] 

Conventionally, as a technology for controlling 

localization of a sound image using a plurality of 

speakers, VBAP (Vector Base Amplitude Panning) is known 

(for example, refer to NPL 1). 

[0003] 

In the VBAP, by outputting sound from three speakers, a 

sound image can be localized at one arbitrary point at 

the inner side of a triangle defined by the three 

speakers. 

[0004] 

However, it is considered that, in the real world, a 

sound image is localized not at one point but is 

localized in a partial space having a certain degree of 

extent.  For example, it is considered that, while human 
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voice is generated from the vocal cords, vibration of the 

voice is propagated to the face, the body and so forth, 

and as a result, the voice is emitted from a partial 

space that is the entire human body. 

[0005] 

As a technology for localizing sound in such a partial 

space as described above, namely, as a technology for 

extending a sound image, MDAP (Multiple Direction 

Amplitude Panning) is generally known (for example, refer 

to NPL 2).  Further, the MDAP is used also in a rendering 

processing unit of the MPEG-H 3D (Moving Picture Experts 

Group-High Quality Three-Dimensional) Audio standard (for 

example, refer to NPL 3). 

[Citation List] 
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[NPL 2] 

Ville-Pulkki, “Uniform Spreading of Amplitude Panned 

Virtual Sources,” Proc. 1999 IEEE Workshop on 
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New Paltz, New York, Oct. 17-20, 1999 
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[NPL 3] 

ISO/IEC JTC1/SC29/WG11 N14747, August 2014, Sapporo, Japan, 

“Text of ISO/IEC 23008-3/DIS, 3D Audio” 

 

[Summary] 

[Technical Problem] 

[0007] 

However, the technology described above fails to obtain sound 

of sufficiently high quality. 

[0008] 

For example, in the MPEG-H 3D Audio standard, information 

indicative of a degree of extent of a sound image called 

spread is included in metadata of an audio object and a 

process for extending a sound image is performed on the basis 

of the spread.  However, in the process for extending a sound 

image, there is a constraint that the extent of a sound image 

is symmetrical in the upward and downward direction and the 

leftward and rightward direction with respect to the center at 

the position of the audio object.  Therefore, a process that 

takes a directionality (radial direction) of sound from the 

audio object into consideration cannot be performed and sound 

of sufficiently high quality cannot be obtained. 

[0009] 

Embodiments of the present disclosure make it possible to 

obtain sound of higher quality. 

 

[Solution to Problem] 

[0009a] 

According to a first aspect of the present disclosure, there 

is provided an audio processing apparatus including: an 

acquisition unit configured to acquire metadata including 

position information indicative of a position of an audio 

object and sound image information configured from a vector of 

three dimensions and representative of an extent of a sound 
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image from the position; a vector calculation unit configured 

to: determine a three-dimensional vector representative of the 

position of the audio object, wherein a start point of the 

three-dimensional vector is the origin in a three-dimensional 

coordinate system whose origin is given by a position of a 

user; and calculate, based on the three-dimensional vector and 

a ratio between a horizontal direction angle and a vertical 

direction angle of a region representative of the extent of 

the sound image determined by the sound image information, at 

least one spread vector indicative of a position in the region, 

wherein the number of spread vectors is determined in advance; 

and a gain calculation unit configured to calculate, based on 

the at least one spread vector, a gain of each of audio 

signals supplied to two or more sound outputting units 

positioned in the proximity of the position indicated by the 

position information. 

[0010] 

Disclosed herein is an audio processing apparatus that 

includes an acquisition unit configured to acquire metadata 

including position information indicative of a position of an 

audio object and sound image information configured from a 

vector of at least two or more dimensions and representative 

of an extent of a sound image from the position, a vector 

calculation unit configured to calculate, based on a 

horizontal direction angle and a vertical direction angle of a 

region representative of the extent of the sound image 

determined by the sound image information, a spread vector 

indicative of a position in the region, and a gain calculation 

unit configured to calculate, based on the spread vector, a 

gain of each of audio signals supplied to two or more sound 

outputting units positioned in the proximity of the position 

indicated by the position information. 

[0011] 

The vector calculation unit may calculate the spread vector 
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based on a ratio between the horizontal direction angle and 

the vertical direction angle. 

[0012] 

The vector calculation unit may calculate the number of spread 

vectors determined in advance. 

[0013] 

The vector calculation unit may calculate a variable arbitrary 

number of spread vectors. 

[0014] 

The sound image information may be a vector indicative of a 

center position of the region. 

[0015] 

The sound image information may be a vector of two or more 

dimensions indicative of an extent degree of the sound image 

from the center of the region. 

[0016] 

The sound image information may be a vector indicative of a 

relative position of a center position of the region as viewed 

from a position indicated by the position information. 

[0017] 

The gain calculation unit may calculate, the gain for each 

spread vector in regard to each of the sound outputting units, 

calculate an addition value of the gains calculated in regard 

to the spread vectors for each of the sound outputting units, 

quantize the addition value into a gain of two or more values 

for each of the sound outputting units, and calculate a final 

gain for each of the sound outputting units based on the 

quantized addition value. 

[0018] 

The gain calculation unit may select the number of meshes each 

of which is a region surrounded by three ones of the sound 

outputting units and which number is to be used for 

calculation of the gain and calculate the gain for each of the 

spread vectors based on a result of the selection of the 
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number of meshes and the spread vector. 

[0019] 

The gain calculation unit may select the number of meshes to 

be used for calculation of the gain, whether or not the 

quantization is to be performed and a quantization number of 

the addition value upon the quantization and calculate the 

final gain in response to a result of the selection. 

[0020] 

The gain calculation unit may select, based on the number of 

the audio objects, the number of meshes to be used for 

calculation of the gain, whether or not the quantization is to 

be performed and the quantization number. 

[0021] 

The gain calculation unit may select, based on an importance 

degree of the audio object, the number of meshes to be used 

for calculation of the gain, whether or not the quantization 

is to be performed and the quantization number. 

[0022] 

The gain calculation unit may select the number of meshes to 

be used for calculation of the gain such that the number of 

meshes to be used for calculation of the gain increases as the 

position of the audio object is positioned nearer to the audio 

object that is high in the importance degree. 

[0023] 

The gain calculation unit may select, based on a sound 

pressure of the audio signal of the audio object, the number 

of meshes to be used for calculation of the gain, whether or 

not the quantization is to be performed and the quantization 

number. 

[0024] 

The gain calculation unit may select, in response to a result 

of the selection of the number of meshes, three or more ones 

of the plurality of sound outputting units including the sound 

outputting units that are positioned at different heights from 
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each other, and calculate the gain based on one or a plurality 

of meshes formed from the selected sound outputting units. 

[0024a] 

According to a second aspect of the present disclosure, there 

is provided an audio processing method including: acquiring 

metadata including position information indicative of a 

position of an audio object and sound image information 

configured from a vector of three dimensions and 

representative of an extent of a sound image from the 

position; determining a three-dimensional vector 

representative of the position of the audio object, wherein a 

start point of the three-dimensional vector is the origin in a 

three-dimensional coordinate system whose origin is given by a 

position of a user; and calculating, based on the three-

dimensional vector and a ratio between a horizontal direction 

angle and a vertical direction angle of a region 

representative of the extent of the sound image determined by 

the sound image information, at least one spread vector 

indicative of a position in the region, wherein the number of 

spread vectors is determined in advance; and calculating, 

based on the at least one spread vector, a gain of each of 

audio signals supplied to two or more sound outputting units 

positioned in the proximity of the position indicated by the 

position information. 

[0024b] 

According to a third aspect of the present disclosure, there 

is provided a non-transitory computer readable storage medium 

having stored thereon computer readable instructions, which 

when executed by a computer, cause the computer to execute 

operations, the operations including: acquiring metadata 

including position information indicative of a position of an 

audio object and sound image information configured from a 

vector of three dimensions and representative of an extent of 

a sound image from the position; determining a three-
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dimensional vector representative of the position of the audio 

object, wherein a start point of the three-dimensional vector 

is the origin in a three-dimensional coordinate system whose 

origin is given by a position of a user; and calculating, 

based on the three-dimensional vector and a ratio between a 

horizontal direction angle and a vertical direction angle of a 

region representative of the extent of the sound image 

determined by the sound image information, at least one spread 

vector indicative of a position in the region, wherein the 

number of spread vectors is determined in advance; and 

calculating, based on the at least one spread vector, a gain 

of each of audio signals supplied to two or more sound 

outputting units positioned in the proximity of the position 

indicated by the position information. 

[0025] 

Disclosed herein is an audio processing method or a program 

that includes the steps of acquiring metadata including 

position information indicative of a position of an audio 

object and sound image information configured from a vector of 

at least two or more dimensions and representative of an 

extent of a sound image from the position, calculating, based 

on a horizontal direction angle and a vertical direction angle 

of a region representative of the extent of the sound image 

determined by the sound image information, a spread vector 

indicative of a position in the region, and calculating, based 

on the spread vector, a gain of each of audio signals supplied 

to two or more sound outputting units positioned in the 

proximity of the position indicated by the position 

information. 

[0026] 

As per embodiments of the present disclosure, metadata 

including position information indicative of an audio object 

and sound image information configured from a vector of at 

least two or more dimensions and representative of an extent 
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of a sound image from the position is acquired.  Then, based on 

a horizontal direction angle and a vertical direction angle 

regarding a region representative of the extent of the sound 

image determined by the sound image information, a spread 

vector indicative of a position in the region is calculated.  

Further, based on the spread vector, a gain of each of audio 

signals supplied to two or more sound outputting units 

positioned in the proximity of the position indicated by the 

position information is calculated. 

 

[Advantageous Effect of Invention] 

[0027] 

As per embodiments of the present disclosure, sound of higher 

quality can be obtained. 

[0028] 

It is to be noted that the effect described here is not 

necessarily limitative, but any of effects described in the 

present disclosure may be exhibited. 

 

[Brief Description of Drawings] 

[0029] 

[FIG. 1] 

FIG. 1 is a view illustrating VBAP. 

[FIG. 2] 

FIG. 2 is a view illustrating a position of a sound image. 

[FIG. 3] 

FIG. 3 is a view illustrating a spread vector. 

[FIG. 4] 

FIG. 4 is a view illustrating a spread center vector method. 

[FIG. 5] 
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FIG. 5 is a view illustrating a spread radiation vector 

method. 

[FIG. 6] 

FIG. 6 is a view depicting an example of a configuration 

of an audio processing apparatus. 

[FIG. 7] 

FIG. 7 is a flow chart illustrating a reproduction 

process. 

[FIG. 8] 

FIG. 8 is a flow chart illustrating a spread vector 

calculation process. 

[FIG. 9] 

FIG. 9 is a flow chart illustrating the spread vector 

calculation process based on a spread three-dimensional 

vector. 

[FIG. 10] 

FIG. 10 is a flow chart illustrating the spread vector 

calculation process based on a spread center vector. 

[FIG. 11] 

FIG. 11 is a flow chart illustrating the spread vector 

calculation process based on a spread end vector. 

[FIG. 12] 

FIG. 12 is a flow chart illustrating the spread vector 

calculation process based on a spread radiation vector. 

[FIG. 13] 
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FIG. 13 is a flow chart illustrating the spread vector 

calculation process based on spread vector position 

information. 

[FIG. 14] 

FIG. 14 is a view illustrating switching of the number of 

meshes. 

[FIG. 15] 

FIG. 15 is a view illustrating switching of the number of 

meshes. 

[FIG. 16] 

FIG. 16 is a view illustrating formation of a mesh. 

[FIG. 17] 

FIG. 17 is a view depicting an example of a configuration 

of the audio processing apparatus. 

[FIG. 18] 

FIG. 18 is a flow chart illustrating a reproduction 

process. 

[FIG. 19] 

FIG. 19 is a view depicting an example of a configuration 

of the audio processing apparatus. 

[FIG. 20] 

FIG. 20 is a flow chart illustrating a reproduction 

process. 

[FIG. 21] 

FIG. 21 is a flow chart illustrating a VBAP gain 
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calculation process. 

[FIG. 22] 

FIG. 22 is a view depicting an example of a configuration 

of a computer. 

[Description of Embodiments] 

[0030] 

In the following, embodiments to which the present 

technology is applied are described with reference to the 

drawings. 

[0031] 

<First Embodiment> 

<VBAP and process for extending sound image> 

The present technology makes it possible, when an audio 

signal of an audio object and metadata such as position 

information of the audio object are acquired to perform 

rendering, to obtain sound of higher quality.  It is to be 

noted that, in the following description, the audio 

object is referred to simply as object. 

[0032] 

First, the VBAP and a process for extending a sound image 

in the MPEG-H 3D Audio standard are described below. 

[0033] 

For example, it is assumed that, as depicted in FIG. 1, a 

user U11 who enjoys a content of a moving picture with 

sound, a musical piece or the like is listening to sound 
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of three-channels outputted from three speakers SP1 to 

SP3 as sound of the content. 

[0034] 

It is examined to localize, in such a case as just 

described, a sound image at a position p using 

information of the positions of the three speakers SP1 to 

SP3 that output sound of different channels. 

[0035] 

For example, the position p is represented by a three-

dimensional vector (hereinafter referred to also as 

vector p) whose start point is the origin O in a three-

dimensional coordinate system whose origin O is given by 

the position of the head of the user U11.  Further, if 

three-dimensional vectors whose start point is given by 

the origin O and that are directed in directions toward 

the positions of the speakers SP1 to SP3 are represented 

as vectors I1 to I3, respectively, then the vector p can 

be represented by a linear sum of the vectors I1 to I3. 

[0036] 

In other words, the vector p can be represented as p = 

g1I1 + g2I2 + g3I3. 

[0037] 

Here, if coefficients g1 to g3 by which the vectors I1 to 

I3 are multiplied are calculated and are determined as 

gains of sound outputted from the speakers SP1 to SP3, 
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respectively, then a sound image can be localized at the 

position p. 

[0038] 

A technique for determining the coefficients g1 to g3 

using position information of the three speakers SP1 to 

SP3 and controlling the localization position of a sound 

image in such a manner as described above is referred to 

as three-dimensional VBAP.  Especially, in the following 

description, a gain determined for each speaker like the 

coefficients g1 to g3 is referred to as VBAP gain. 

[0039] 

In the example of FIG. 1, a sound image can be localized 

at an arbitrary position in a region TR11 of a triangular 

shape on a sphere including the positions of the speakers 

SP1, SP2 and SP3.  Here, the region TR11 is a region on 

the surface of a sphere centered at the origin O and 

passing the positions of the speakers SP1 to SP3 and is a 

triangular region surrounded by the speakers SP1 to SP3. 

[0040] 

If such three-dimensional VBAP is used, then a sound 

image can be localized at an arbitrary position in a 

space.  It is to be noted that the VBAP is described in 

detail, for example, in ‘Ville Pulkki, “Virtual Sound 

Source Positioning Using Vector Base Amplitude Panning,” 

Journal of AES, vol. 45, no. 6, pp. 456-466, 1997’ and so 
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forth. 

[0041] 

Now, a process for extending a sound image according to 

the MPEG-H 3D Audio standard is described. 

[0042] 

In the MPEG-H 3D Audio standard, a bit stream obtained by 

multiplexing encoded audio data obtained by encoding an 

audio signal of each object and encoded metadata obtained 

by encoding metadata of each object is outputted from an 

encoding apparatus. 

[0043] 

For example, the metadata includes position information 

indicative of a position of an object in a space, 

importance information indicative of an importance degree 

of the object and spread that is information indicative 

of a degree of extent of a sound image of the object. 

[0044] 

Here, the spread indicative of an extent degree of a 

sound image is an arbitrary angle from 0 to 180 deg., and 

the encoding apparatus can designate spread of a value 

different for each frame of an audio signal in regard to 

each object. 

[0045] 

Further, the position of the object is represented by a 

horizontal direction angle azimuth, a vertical direction 
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angle elevation and a distance radius.  In particular, the 

position information of the object is configured from 

values of the horizontal direction angle azimuth, 

vertical direction angle elevation and distance radius. 

[0046] 

For example, a three-dimensional coordinate system is 

considered in which, as depicted in FIG. 2, the position 

of a user who enjoys sound of objects outputted from 

speakers not depicted is determined as the origin O and a 

right upward direction, a left upward direction and an 

upward direction in FIG. 2 are determined as an x axis, a 

y axis and a z axis that are perpendicular to each other.  

At this time, if the position of one object is 

represented as position OBJ11, then a sound image may be 

localized at the position OBJ11 in the three-dimensional 

coordinate system. 

[0047] 

Further, if a linear line interconnecting the position 

OBJ11 and the origin O is represented as line L, the 

angle θ  (azimuth) in the horizontal direction in FIG. 2 

defined by the linear line L and the x axis on the xy 

plane is a horizontal direction angle azimuth indicative 

of the position in the horizontal direction of the object 

at the position OBJ11, and the horizontal direction angle 

azimuth has an arbitrary value that satisfies -180 deg. ≤ 
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azimuth ≤ 180 deg. 

[0048] 

For example, the positive direction in the x-axis 

direction is determined as azimuth = 0 deg. and the 

negative direction in the x-axis direction is determined 

as azimuth = +180 deg. = -180 deg.  Further, the 

counterclockwise direction around the origin O is 

determined as the + direction of the azimuth and the 

clockwise direction around the origin O is determined as 

the – direction of the azimuth. 

[0049] 

Further, the angle defined by the linear line L and the 

xy plane, namely, the angle γ  (elevation angle) in the 

vertical direction in FIG. 2, is the perpendicular 

direction angle elevation indicative of the position in 

the vertical direction of the object located at the 

position OBJ11, and the perpendicular direction angle 

elevation has an arbitrary value that satisfies -90 deg. 

≤ elevation ≤ 90 deg.  For example, the position on the xy 

plane is elevation = 0 deg. and the upward direction in 

FIG. 2 is the + direction of the perpendicular direction 

angle elevation, and the downward direction in FIG. 2 is 

the - direction of the perpendicular direction angle 

elevation. 

[0050] 
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Further, the length of the linear line L, namely, the 

distance from the origin O to the position OBJ11, is the 

distance radius to the user, and the distance radius has 

a value of 0 or more.  In particular, the distance radius 

has a value that satisfies 0 ≤ radius ≤ ∞.  In the 

following description, the distance radius is referred to 

also as distance in a radial direction. 

[0051] 

It is to be noted that, in the VBAP, the distance radii 

from all speakers or objects to the user are equal, and 

it is a general method that the distance radius is 

normalized to 1 to perform calculation. 

[0052] 

The position information of the object included in the 

metadata in this manner is configured from values of the 

horizontal direction angle azimuth, vertical direction 

angle elevation and distance radius. 

[0053] 

In the following description, the horizontal direction 

angle azimuth, vertical direction angle elevation and 

distance radius are referred to simply also as azimuth, 

elevation and radius, respectively. 

[0054] 

Further, in a decoding apparatus that receives a bit 

stream including encoded audio data and encoded metadata, 
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after decoding of the encoded audio data and the encoded 

metadata is performed, a rendering process for extending 

a sound image is performed in response to the value of 

the spread included in the metadata. 

[0055] 

In particular, the decoding apparatus first determines a 

position in a space indicated by the position information 

included in the metadata of an object as position p.  The 

position p corresponds to the position p in FIG. 1 

described hereinabove. 

[0056] 

Then, the decoding apparatus disposes 18 spread vectors 

p1 to p18 such that, setting the position p to position p 

= center position p0, for example, as depicted in FIG. 3, 

they are symmetrical in the upward and downward direction 

and the leftward and rightward direction on a unit 

spherical plane around the center position p0.  It is to 

be noted that, in FIG. 3, portions corresponding to those 

in the case of FIG. 1 are denoted by like reference 

symbols, and description of the portions is omitted 

suitably. 

[0057] 

In FIG. 3, five speakers SP1 to SP5 are disposed on a 

spherical plane of a unit sphere of a radius 1 centered 

at the origin O, and the position p indicated by the 
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position information is the center position p0.  In the 

following description, the position p is specifically 

referred to also as object position p and the vector 

whose start point is the origin O and whose end point is 

the object position p is referred to also as vector p.  

Further, the vector whose start point is the origin O and 

whose end point is the center position p0 is referred to 

also as vector p0. 

[0058] 

In FIG. 3, an arrow mark whose start point is the origin 

O and which is plotted by a broken line represents a 

spread vector.  However, while there actually are 18 

spread vectors, in FIG. 3, only eight spread vectors are 

plotted for the visibility of FIG. 3. 

[0059] 

Here, each of the spread vectors p1 to p18 is a vector 

whose end point position is positioned within a region 

R11 of a circle on a unit spherical plane centered at the 

center position p0.  Especially, the angle defined by the 

spread vector whose end point position is positioned on 

the circumference of the circle represented by the region 

R11 and the vector p0 is an angle indicated by the spread. 

[0060] 

Accordingly, the end point position of each spread vector 

is disposed at a position spaced farther from the center 
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position p0 as the value of the spread increases.  In 

other words, the region R11 increases in size. 

[0061] 

The region R11 represents an extent of a sound image from 

the position of the object.  In other words, the region 

R11 is a region indicative of the range in which a sound 

image of the object is extended.  Further, it can be 

considered that, since it is considered that sound of the 

object is emitted from the entire object, the region R11 

represents the shape of the object.  In the following 

description, a region that indicates a range in which a 

sound image of an object is extended like the region R11 

is referred to also as region indicative of extent of a 

sound image. 

[0062] 

Further, where the value of the spread is 0, the end 

point positions of the 18 spread vectors p1 to p18 are 

equivalent to the center position p0. 

[0063] 

It is to be noted that, in the following description, the 

end point positions of the spread vectors p1 to p18 are 

specifically referred to also as positions p1 to p18, 

respectively. 

[0064] 

After the spread vectors symmetrical in the upward and 
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downward direction and the leftward and rightward 

direction on the unit spherical plane are determined as 

described above, the decoding apparatus calculates a VBAP 

gain for each of the speakers of the channels by the VBAP 

in regard to the vector p and the spread vectors, namely, 

in regard to each of the position p and the positions p1 

to p18.  At this time, the VBAP gains for the speakers are 

calculated such that a sound image is localized at each 

of the positions such as the position p and a position p1. 

[0065] 

Then, the decoding apparatus adds the VBAP gains 

calculated for the positions for each speaker.  For 

example, in the example of FIG. 3, the VBAP gains for the 

position p calculated in regard to the speaker SP1 and 

the positions p1 to p18 are added. 

[0066] 

Further, the decoding apparatus normalizes the VBAP gains 

after the addition process calculated for the individual 

speakers.  In particular, normalization is performed such 

that the square sum of the VBAP gains of all speakers 

becomes 1. 

[0067] 

Then, the decoding apparatus multiplies the audio signal 

of the object by the VBAP gains of the speakers obtained 

by the normalization to obtain audio signals for the 
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individual speakers, and supplies the audio signals 

obtained for the individual speakers to the speakers such 

that they output sound. 

[0068] 

Consequently, for example, in an example of FIG. 3, a 

sound image is localized such that sound is outputted 

from the entire region R11.  In other words, the sound 

image is extended to the entire region R11. 

[0069] 

In FIG. 3, when the process for extending a sound image 

is not performed, the sound image of the object is 

localized at the position p, and therefore, in this case, 

sound is outputted substantially from the speaker SP2 and 

the speaker SP3.  In contrast, when the process for 

extending the sound image is performed, the sound image 

is extended to the entire region R11, and therefore, upon 

sound reproduction, sound is outputted from the speakers 

SP1 to SP4. 

[0070] 

Incidentally, when such a process for extending a sound 

image as described above is performed, the processing 

amount upon rendering increases in comparison with that 

in an alternative case in which the process for extending 

a sound image is not performed.  Consequently, a case 

occurs in which the number of objects capable of being 
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handled by the decoding apparatus decreases, or another 

case occurs in which rendering cannot be performed by a 

decoding apparatus that incorporates a renderer of a 

small hardware scale. 

[0071] 

Therefore, where a process for extending a sound image is 

performed upon rendering, it is desirable to make it 

possible to perform rendering with a processing amount as 

small as possible. 

[0072] 

Further, since there is a constraint that the 18 spread 

vectors described above are symmetrical in the upward and 

downward direction and the leftward and rightward 

direction on the unit spherical plane around the center 

position p0 = position p, a process taking the 

directionality (radiation direction) of sound of an 

object or the shape of an object into consideration 

cannot be performed.  Therefore, sound of sufficiently 

high quality cannot be obtained. 

[0073] 

Further, since, in the MPEG-H 3D Audio standard, one kind 

of a process is prescribed as a process for extending a 

sound image upon rendering, where the hardware scale of 

the renderer is small, the process for extending a sound 

image cannot be performed.  In other words, reproduction 
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of audio cannot be performed. 

[0074] 

Further, in the MPEG-H 3D Audio standard, it cannot be 

performed to switch the processing to perform rendering 

such that sound having maximum quality can be obtained by 

a processing amount permitted with the hardware scale of 

the renderer. 

[0075] 

Taking such a situation as described above into 

consideration, the present technology makes it possible 

to reduce the processing amount upon rendering.  Further, 

the present technology makes it possible to obtain sound 

of sufficiently high quality by representing the 

directionality or the shape of an object.  Furthermore, 

the present technology makes it possible to select an 

appropriate process as a process upon rendering in 

response to a hardware scale of a renderer or the like to 

obtain sound having the highest quality within a range of 

a permissible processing amount. 

[0076] 

An outline of the present technology is described below. 

[0077] 

<Reduction of processing amount> 

First, reduction of the processing amount upon rendering 

is described. 
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[0078] 

In a normal VBAP process (rendering process) in which a 

sound image is not extended, processes A1 to A3 

particularly described below are performed: 

[0079] 

(Process A1) 

VBAP gains by which an audio signal is to be multiplied 

are calculated in regard to three speakers. 

(Process A2) 

Normalization is performed such that the square sum of 

the VBAP gains of the three speakers becomes 1. 

(Process A3) 

An audio signal of an object is multiplied by the VBAP 

gains. 

[0080] 

Here, since, in the process A3, a multiplication process 

of an audio signal by a VBAP gain is performed for each 

of the three speakers, such a multiplication process as 

just described is performed by three times in the maximum. 

[0081] 

On the other hand, in a VBAP process (rendering process) 

when a process for extending a sound image is performed, 

processes B1 to B5 particularly described below are 

performed: 

[0082] 
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(Process B1) 

A VBAP gain by which an audio signal of each of the three 

speakers is to be multiplied is calculated in regard to 

the vector p. 

(Process B2) 

A VBAP gain by which an audio signal of each of the three 

speakers is to be multiplied is calculated in regard to 

18 spread vectors. 

(Process B3) 

The VBAP gains calculated for the vectors are added for 

each speaker. 

(Process B4) 

Normalization is performed such that the square sum of 

the VBAP gains of all speakers becomes 1. 

(Process B5) 

The audio signal of the object is multiplied by the VBAP 

gains. 

[0083] 

When the process for extending a sound image is performed, 

since the number of speakers that output sound is three 

or more, the multiplication process in the process B5 is 

performed by three times or more. 

[0084] 

Accordingly, if a case in which the process for extending 

a sound image is performed and another case in which the 
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process for extending a sound image is not performed are 

compared with each other, then when the process for 

extending a sound image is performed, the processing 

amount increases by an amount especially by the processes 

B2 and B3 and the processing amount also in the process 

B5 is greater than that in the process A3. 

[0085] 

Therefore, the present technology makes it possible to 

reduce the processing amount in the process B5 described 

above by quantizing the sum of the VBAP gains of the 

vectors determined for each speaker. 

[0086] 

In particular, such a process as described below is 

performed by the present technology.  It is to be noted 

that the sum (addition value) of the VBAP gains 

calculated for each vector such as a vector p or a spread 

vector determined for each speaker is referred to also as 

VBAP gain addition value. 

[0087] 

First, after the processes B1 to B3 are performed and a 

VBAP gain addition value is obtained for each speaker, 

then the VBAP gain addition value is binarized.  In the 

binarization, for example, the VBAP gain addition value 

for each speaker has one of 0 and 1. 

[0088] 
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As a method for binarizing a VBAP gain addition value, 

any method may be adopted such as rounding off, ceiling 

(round up), flooring (truncation) or a threshold value 

process. 

[0089] 

After the VBAP gain addition value is binarized in this 

manner, the process B4 described above is performed on 

the basis of the binarized VBAP gain addition value.  Then, 

as a result, the final VBAP gain for each speaker is one 

gain except 0.  In other words, if the VBAP gain addition 

value is binarized, then the final value of the VBAP gain 

of each speaker is 0 or a predetermined value. 

[0090] 

For example, if, as a result of the binarization, the 

VBAP gain addition value of the three speakers is 1 and 

the VBAP gain addition value of the other speakers is 0, 

then the final value of the VBAP gain of the three 

speakers is 1/3(1/2). 

[0091] 

After the final VBAP gains for the speakers are obtained 

in this manner, a process for multiplying the audio 

signals for the speakers by the final VBAP gains is 

performed as a process B5’ in place of the process B5 

described hereinabove. 

[0092] 
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If binarization is performed in such a manner as 

described above, then since the final value of the VBAP 

gain for each speaker becomes one of 0 and the 

predetermined value, in the process B5’, it is necessary 

to perform the multiplication process only once, and 

therefore, the processing amount can be reduced.  In other 

words, while the process B5 requires performance of a 

multiplication process three times or more, the process 

B5’ requires performance of a multiplication process only 

once. 

[0093] 

It is to be noted that, although the description here is 

given of a case in which a VBAP gain addition value is 

binarized as an example, the VBAP gain addition value may 

be quantized otherwise into one of three values or more. 

[0094] 

For example, where a VBAP gain addition value is one of 

three values, after the processes B1 to B3 described 

above are performed and a VBAP gain addition value is 

obtained for each speaker, the VBAP gain addition value 

is quantized into one of 0, 0.5 and 1.  After then, the 

process B4 and the process B5’ are performed.  In this 

case, the number of times of a multiplication process in 

the process B5’ is two in the maximum. 

[0095] 
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Where a VBAP gain addition value is x-value converted in 

this manner, namely, where a VBAP gain addition value is 

quantized into one of x gains where x is equal to or 

greater than 2, then the number of times of performance 

of a multiplication process in the process B5’ becomes (x 

- 1) in the maximum. 

[0096] 

It is to be noted that, although, in the foregoing 

description, an example in which, when a process for 

extending a sound image is performed, a VBAP gain 

addition value is quantized to reduce the processing 

amount is described, also where a process for extending a 

sound image is not performed, the processing amount can 

be reduced by quantizing a VBAP gain similarly.  In 

particular, if the VBAP gain for each speaker determined 

in regard to the vector p is quantized, then the number 

of times of performance of a multiplication process for 

an audio signal by the VBAP gain after normalization can 

be reduced. 

[0097] 

<Process for representing shape and directionality of 

sound of object> 

Now, a process for representing a shape of an object and 

a directionality of sound of the object by the present 

technology is described. 
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[0098] 

In the following, five methods including a spread three-

dimensional vector method, a spread center vector method, 

a spread end vector method, a spread radiation vector 

method and an arbitrary spread vector method are 

described. 

[0099] 

(spread three-dimensional vector method) 

First, the spread three-dimensional vector method is 

described. 

[0100] 

In the spread three-dimensional vector method, a spread 

three-dimensional vector that is a three-dimensional 

vector is stored into and transmitted together with a bit 

stream.  Here, it is assumed that a spread three-

dimensional vector is stored, for example, into metadata 

of a frame of each audio signal for each object.  In this 

case, a spread indicative of an extent degree of a sound 

image is not stored in the metadata. 

[0101] 

For example, a spread three-dimensional vector is a 

three-dimensional vector including three factors of 

s3_azimuth indicative of an extent degree of a sound 

image in the horizontal direction, s3_elevation 

indicative of an extent degree of the sound image in the 



 33  

vertical direction and s3_radius indicative of a depth in 

a radius direction of the sound image. 

[0102] 

In particular, the spread three-dimensional vector = 

(s3_azimuth, s3_elevation, s3_radius). 

[0103] 

Here, s3_azimuth indicates a spread angle of a sound 

image in the horizontal direction from the position p, 

namely, in a direction of the horizontal direction angle 

azimuth described hereinabove.  In particular, s3_azimuth 

indicates an angle defined by a vector toward an end in 

the horizontal direction side of a region that indicates 

an extent of a sound image from the origin O and the 

vector p (vector pO). 

[0104] 

Similarly, s3_elevation indicates a spread angle of a 

sound image in the vertical direction from the position p, 

namely, in the direction of the vertical direction angle 

elevation described hereinabove.  In particular, 

s3_elevation indicates an angle defined between a vector 

toward an end in the vertical direction side of a region 

indicative of an extent of the sound image from the 

origin O and the vector p (vector pO).  Further, s3_radius 

indicates a depth in the direction of the distance radius 

described above, namely, in a normal direction to the 
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unit spherical plane. 

[0105] 

It is to be noted that s3_azimuth, s3_elevation and 

s3_radius have values equal to or greater than 0.  Further, 

although the spread three-dimensional vector here is 

information indicative of a relative position to the 

position p indicated by the position information of the 

object, the spread three-dimensional vector may otherwise 

be information indicative of an absolute position. 

[0106] 

In the spread three-dimensional vector method, such a 

spread three-dimensional vector as described above is 

used to perform rendering. 

[0107] 

In particular, in the spread three-dimensional vector 

method, a value of the spread is calculated by 

calculating the expression (1) given below on the basis 

of a spread three-dimensional vector: 

[0108] 

[Expression 1] 

spread: max(s3_azimuth, s3_elevation) ... (1) 

[0109] 

It is to be noted that max(a, b) in the expression (1) 

indicates a function that returns a higher one of values 

of a and b.  Accordingly, a higher value of s3_azimuth and 
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s3_elevation is determined as the value of the spread. 

[0110] 

Then, on the basis of the value of the spread obtained in 

this manner and position information included in the 

metadata, 18 spread vectors p1 to p18 are calculated 

similarly as in the case of the MPEG-H 3D Audio standard. 

[0111] 

Accordingly, the position p of the object indicated by 

the position information included in the metadata is 

determined as center position pO, and the 18 spread 

vectors p1 to p18 are determined such that they are 

symmetrical in the leftward and rightward direction and 

the upward and downward direction on the unit spherical 

plane centered at the center position pO. 

[0112] 

Further, in the spread three-dimensional vector method, 

the vector pO whose start point is the origin O and whose 

end point is the center position pO is determined as 

spread vector p0. 

[0113] 

Further, each spread vector is represented by a 

horizontal direction angle azimuth, a vertical direction 

angle elevation and a distance radius.  In the following, 

the horizontal direction angle azimuth and the vertical 

direction angle elevation particularly of the spread 
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vector pi (where i = 0 to 18) are resented as a(i) and 

e(i), respectively. 

[0114] 

After the spread vectors p0 to p18 are obtained in this 

manner, the spread vectors p1 to p18 are changed 

(corrected) into final spread vectors on the basis of the 

ratio between s3_azimuth and s3_elevation. 

[0115] 

In particular, where s3_azimuth is greater than 

s3_elevation, calculation of the following expression (2) 

is performed to change e(i), which is elevation of the 

spread vectors p1 to p18, into e’(i): 

[0116] 

[Expression 2] 

e’(i) = e(0) + (e(i) - e(0)) × s3_elevation/s3_azimuth 

... (2) 

[0117] 

It is to be noted that, for the spread vector p0, 

correction of elevation is not performed. 

[0118] 

In contrast, where s3_azimuth is smaller than 

s3_elevation, calculation of the following expression (3) 

is performed to change a(i), which is azimuth of the 

spread vectors p1 to p18, into a’(i): 

[0119] 
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[Expression 3] 

a’(i) = a(0) + (a(i) - a(0)) × s3_azimuth/s3_elevation 

... (3) 

[0120] 

It is to be noted that, for the spread vector p0, 

correction of azimuth is not performed. 

[0121] 

The process of determining a greater one of s3_azimuth 

and s3_elevation as a spread to determine a spread vector 

in such a manner as described above is a process for 

tentatively setting a region indicative of an extent of a 

sound image on the unit spherical plane as a circle of a 

radius defined by an angle of a greater one of s3_azimuth 

and s3_elevation to determine a spread vector by a 

process similar to a conventional process. 

[0122] 

Further, the process of correcting the spread vector 

later by the expression (2) or the expression (3) in 

response to a relationship in magnitude between 

s3_azimuth and s3_elevation is a process for correcting 

the region indicative of the extent of the sound image, 

namely, the spread vector, such that the region 

indicative of the extent of the sound image on the unit 

spherical plane becomes a region defined by original 

s3_azimuth and s3_elevation designated by the spread 
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three-dimensional vector. 

[0123] 

Accordingly, the processes described above after all 

become processes for calculating a spread vector for a 

region indicative of an extent of a sound image, which 

has a circular shape or an elliptical shape, on the unit 

spherical plane on the basis of the spread three-

dimensional vector, namely, on the basis of s3_azimuth 

and s3_elevation. 

[0124] 

After the spread vectors are obtained in this manner, the 

spread vectors p0 to p18 are thereafter used to perform 

the process B2, the process B3, the process B4 and the 

process B5’ described hereinabove to generate audio 

signals to be supplied to the speakers. 

[0125] 

It is to be noted that, in the process B2, a VBAP gain 

for each speaker is calculated in regard to each of the 

19 spread vectors of the spread vectors p0 to p18.  Here, 

since the spread vector p0 is the vector p, it can be 

considered that the process for calculating the VBAP gain 

in regard to the spread vector p0 is to perform the 

process B1.  Further, after the process B3, quantization 

of each VBAP gain addition value is performed as occasion 

demands. 
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[0126] 

By setting a region indicative of an extent of a sound 

image to a region of an arbitrary shape by spread three-

dimensional vectors in this manner, it becomes possible 

to represent a shape of an object and a directionality of 

sound of the object, and sound of higher quality can be 

obtained by rendering. 

[0127] 

Further, although an example in which a higher one of 

values of s3_azimuth and s3_elevation is used as a value 

of the spread is described here, otherwise a lower one of 

values of s3_azimuth and s3_elevation may be used as a 

value of the spread. 

[0128] 

In this case, when s3_azimuth is greater than 

s3_elevation, a(i) that is azimuth of each spread vector 

is corrected, but when s3_azimuth is smaller than 

s3_elevation, e(i) that is elevation of each spread 

vector is corrected. 

[0129] 

Further, although description here is given of an example 

in which the spread vectors p0 to p18, namely, the 19 

spread vectors determined in advance, are determined and 

a VBAP gain is calculated in regard to the spread vectors, 

the number of spread vectors to be calculated may be 
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variable. 

[0130] 

In such a case as just described, the number of spread 

vectors to be generated can be determined, for example, 

in response to the ratio between s3_azimuth and 

s3_elevation.  According to such a process as just 

described, for example, where an object is elongated 

horizontally and the extent of sound of the object in the 

vertical direction is small, if the spread vectors 

juxtaposed in the vertical direction are omitted and the 

spread vectors are juxtaposed substantially in the 

horizontal direction, then the extent of sound in the 

horizontal direction can be represented appropriately. 

[0131] 

(spread center vector method) 

Now, the spread center vector method is described. 

[0132] 

In the spread center vector method, a spread center 

vector that is a three-dimensional vector is stored into 

and transmitted together with a bit stream.  Here, it is 

assumed that a spread center vector is stored, for 

example, into metadata of a frame of each audio signal 

for each object.  In this case, also a spread indicative 

of an extent degree of a sound image is stored in the 

metadata. 
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[0133] 

The spread center vector is a vector indicative of the 

center position pO of a region indicative of an extent of 

a sound image of an object.  For example, the spread 

center vector is a three-dimensional vector configured 

form three factors of azimuth indicative of a horizontal 

direction angle of the center position pO, elevation 

indicative of a vertical direction angle of the center 

position pO and radius indicative of a distance of the 

center position pO in a radial direction. 

[0134] 

In particular, the spread center vector = (azimuth, 

elevation, radius). 

[0135] 

Upon rendering processing, the position indicated by the 

spread center vector is determined as the center position 

pO, and spread vectors p0 to p18 are calculated as spread 

vectors.  Here, for example, as depicted in FIG. 4, the 

spread vector p0 is the vector pO whose start point is 

the origin O and whose end point is the center position 

pO.  It is to be noted that, in FIG. 4, portions 

corresponding to those in the case of FIG. 3 are denoted 

by like reference symbols and description of them is 

omitted suitably. 

[0136] 
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Further, in FIG. 4, an arrow mark plotted by a broken 

line represents a spread vector, and also in FIG. 4, in 

order to make the figure easy to see, only nine spread 

vectors are depicted. 

[0137] 

While, in the example depicted in FIG. 3, the position p 

= center position pO, in the example of FIG. 4, the 

center position pO is a position different from the 

position p.  In this example, it can be seen that a region 

R21 indicative of an extent of a sound image and centered 

at the center position pO is displaced to the left side 

in FIG. 4 from that in the example of FIG. 3 with respect 

to the position p that is the position of the object. 

[0138] 

If it is possible to designate, as the center position pO 

of the region indicative of an extent of a sound image, 

an arbitrary position by a spread center vector in this 

manner, then the directionality of sound of the object 

can be represented with a higher degree of accuracy. 

[0139] 

In the spread center vector method, if the spread vectors 

p0 to p18 are obtained, then the process B1 is performed 

thereafter for the vector p and the process B2 is 

performed in regard to the spread vectors p0 to p18. 

[0140] 
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It is to be noted that, in the process B2, a VBAP gain 

may be calculated in regard to each of the 19 spread 

vectors, or a VBAP gain may be calculated only in regard 

to the spread vectors p1 to p18 except the spread vector 

p0.  In the following, description is given assuming that 

a VBAP gain is calculated also in regard to the spread 

vector p0. 

[0141] 

Further, after the VBAP gain of each vector is calculated, 

the process B3, process B4 and process B5’ are performed 

to generate audio signals to be supplied to the speakers.  

It is to be noted that, after the process B3, 

quantization of a VBAP gain addition value is performed 

as occasion demands. 

[0142] 

Also by such a spread center vector method as described 

above, sound of sufficiently high quality can be obtained 

by rendering. 

[0143] 

(spread end vector method) 

Now, the spread end vector method is described. 

[0144] 

In the spread end vector method, a spread end vector that 

is a five-dimensional vector is stored into and 

transmitted together with a bit stream.  Here, it is 
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assumed that, for example, a spread end vector is stored 

into metadata of a frame of each audio signal for each 

object.  In this case, a spread indicative of an extent 

degree of a sound image is not stored into the metadata. 

[0145] 

For example, a spread end vector is a vector 

representative of a region indicative of an extent of a 

sound image of an object, and is a vector configured from 

five factors of a spread left end azimuth, a spread right 

end azimuth, a spread upper end elevation, a spread lower 

end elevation and a spread radius. 

[0146] 

Here, the spread left end azimuth and the spread right 

end azimuth configuring the spread end vector 

individually indicate values of horizontal direction 

angles azimuth indicative of absolute positions of a left 

end and a right end in the horizontal direction of the 

region indicative of the extent of the sound image.  In 

other words, the spread left end azimuth and the spread 

right end azimuth individually indicate angles 

representative of extent degrees of a sound image in the 

leftward direction and the rightward direction from the 

center position pO of the region indicative of the extent 

of the sound image. 

[0147] 
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Meanwhile, the spread upper end elevation and the spread 

lower end elevation individually indicate values of 

vertical direction angles elevation indicative of 

absolute positions of an upper end and a lower end in the 

vertical direction of the region indicative of the extent 

of the sound image.  In other words, the spread upper end 

elevation and the spread lower end elevation individually 

indicate angles representative of extent degrees of a 

sound image in the upward direction and the downward 

direction from the center position pO of the region 

indicative of the extent of the sound image.  Further, 

spread radium indicates a depth of the sound image in a 

radial direction. 

[0148] 

It is to be noted that, while the spread end vector here 

is information indicative of an absolute position in the 

space, the spread end vector may otherwise be information 

indicative of a relative position to the position p 

indicated by the position information of the object. 

[0149] 

In the spread end vector method, rendering is performed 

using such a spread end vector as described above. 

[0150] 

In particular, in the spread end vector method, the 

following expression (4) is calculated on the basis of a 
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spread end vector to calculate the center position pO: 

[0151] 

[Expression 4] 

azimuth: (spread left end azimuth + spread right end 

azimuth)/2 

elevation: (spread upper end elevation + spread lower end 

elevation)/2 

radius: spread radius 

... (4) 

[0152] 

In particular, the horizontal direction angle azimuth 

indicative of the center position pO is a middle 

(average) angle between the spread left end azimuth and 

the spread right end azimuth, and the vertical direction 

angle elevation indicative of the center position pO is a 

middle (average) angle between the spread upper end 

elevation and the spread lower end elevation.  Further, 

the distance radius indicative of the center position pO 

is spread radius. 

[0153] 

Accordingly, in the spread end vector method, the center 

position pO sometimes becomes a position different from 

the position p of an object indicated by the position 

information. 

[0154] 
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Further, in the spread end vector method, the value of 

the spread is calculated by calculating the following 

expression (5): 

[0155] 

[Expression 5] 

spread: max((spread left end azimuth - spread right end 

azimuth)/2, (spread upper end elevation - spread lower 

end elevation)/2) 

... (5) 

[0156] 

It is to be noted that max(a, b) in the expression (5) 

indicates a function that returns a higher one of values 

of a and b.  Accordingly, a higher one of values of 

(spread left end azimuth - spread right end azimuth)/2 

that is an angle corresponding to the radius in the 

horizontal direction and (spread upper end elevation - 

spread lower end elevation)/2 that is an angle 

corresponding to the radius in the vertical direction in 

the region indicative of the extent of the sound image of 

the object indicated by the spread end vector is 

determined as the value of the spread. 

[0157] 

Then, on the basis of the value of the spread obtained in 

this manner and the center position pO (vector pO), the 

18 spread vectors p1 to p18 are calculated similarly as 
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in the case of the MPEG-H 3D Audio standard. 

[0158] 

Accordingly, the 18 spread vectors p1 to p18 are 

determined such that they are symmetrical in the upward 

and downward direction and the leftward and rightward 

direction on the unit spherical plane centered at the 

center position pO. 

[0159] 

Further, in the spread end vector method, the vector pO 

whose start point is the origin O and whose end point is 

the center position pO is determined as spread vector p0. 

[0160] 

Also in the spread end vector method, similarly as in the 

case of the spread three-dimensional vector method, each 

spread vector is represented by a horizontal direction 

angle azimuth, a vertical direction angle elevation and a 

distance radius.  In other words, the horizontal direction 

angle azimuth and the vertical direction angle elevation 

of a spread vector pi (where i = 0 to 18) are represented 

by a(i) and e(i), respectively. 

[0161] 

After the spread vectors p0 to p18 are obtained in this 

manner, the spread vectors p1 to p18 are changed 

(corrected) on the basis of the ratio between the (spread 

left end azimuth - spread right end azimuth) and the 
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(spread upper end elevation - spread lower end elevation) 

to determine final spread vectors. 

[0162] 

In particular, if the (spread left end azimuth - spread 

right end azimuth) is greater than the (spread upper end 

elevation - spread lower end elevation), then calculation 

of the expression (6) given below is performed and e(i) 

that is elevation of each of the spread vectors p1 to p18 

is changed to e’(i): 

[0163] 

[Expression 6] 

e’(i) = e(0) + (e(i) - e(0)) × (spread upper end 

elevation - spread lower end elevation)/(spread left end 

azimuth - spread right end azimuth) ... (6) 

[0164] 

It is to be noted that, for the spread vector p0, 

correction of elevation is not performed. 

[0165] 

On the other hand, when the (spread left end azimuth - 

spread right end azimuth) is smaller than the (spread 

upper end elevation - spread lower end elevation), 

calculation of the expression (7) given below is 

performed and a(i) that is azimuth of each of the spread 

vectors p1 to p18 is changed to a’(i): 

[0166] 
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[Expression 7] 

a’(i) = a(0) + (a(i) - a(0)) × (spread left end azimuth - 

spread right end azimuth)/(spread upper end elevation - 

spread lower end elevation) 

... (7) 

[0167] 

It is to be noted that, for the spread vector p0, 

correction of azimuth is not performed. 

[0168] 

It is to be noted that the calculation method of a spread 

vector as described above is basically similar to that in 

the case of the spread three-dimensional vector method. 

[0169] 

Accordingly, the processes described above after all are 

processes for calculating, on the basis of the spread end 

vector, a spread vector for a region indicative of an 

extent of a sound image of a circular shape or an 

elliptical shape on a unit spherical plane defined by the 

spread end vector. 

[0170] 

After spread vectors are obtained in this manner, the 

vector p and the spread vectors p0 to p18 are used to 

perform the process B1, the process B2, the process B3, 

the process B4 and the process B5’ described hereinabove, 

thereby generating audio signals to be supplied to the 
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speakers. 

[0171] 

It is to be noted that, in the process B2, a VBAP gain 

for each speaker is calculated in regard to the 19 spread 

vectors.  Further, after the process B3, quantization of 

VBAP gain addition values is performed as occasion 

demands. 

[0172] 

By setting a region indicative of an extent of a sound 

image to a region of an arbitrary shape, which has the 

center position pO at an arbitrary position, by a spread 

end vector in this manner, it becomes possible to 

represent a shape of an object and a directionality of 

sound of the object, and sound of higher quality can be 

obtained by rendering. 

[0173] 

Further, while an example in which a higher one of values 

of the (spread left end azimuth - spread right end 

azimuth)/2 and the (spread upper end elevation - spread 

lower end elevation)/2 is used as the value of the spread 

is described here, a lower one of the values may 

otherwise be used as the value of the spread. 

[0174] 

Furthermore, although the case in which a VBAP gain is 

calculated in regard to the spread vector p0 is described 
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as an example here, the VBAP gain may not be calculated 

in regard to the spread vector p0.  The following 

description is given assuming that a VBAP gain is 

calculated also in regard to the spread vector p0. 

[0175] 

Alternatively, similarly as in the case of the spread 

three-dimensional vector method, the number of spread 

vectors to be generated may be determined, for example, 

in response to the ratio between the (spread left end 

azimuth - spread right end azimuth) and the (spread upper 

end elevation - spread lower end elevation). 

[0176] 

(spread radiation vector method) 

Further, the spread radiation vector method is described. 

[0177] 

In the spread radiation vector method, a spread radiation 

vector that is a three-dimensional vector is stored into 

and transmitted together with a bit stream.  Here, it is 

assumed that, for example, a spread radiation vector is 

stored into metadata of a frame of each audio signal for 

each object.  In this case, also the spread indicative of 

an extent degree of a sound image is stored in the 

metadata. 

[0178] 

The spread radiation vector is a vector indicative of a 
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relative position of the center position pO of a region 

indicative of an extent of a sound image of an object to 

the position p of the object.  For example, the spread 

radiation vector is a three-dimensional vector configured 

from three factors of azimuth indicative of a horizontal 

direction angle to the center position pO, elevation 

indicative of a vertical direction angle to the center 

position pO and radius indicative of a distance in a 

radial direction of the center position pO, as viewed 

from the position p. 

[0179] 

In other words, the spread radiation vector = (azimuth, 

elevation, radius). 

[0180] 

Upon rendering processing, a position indicated by a 

vector obtained by adding the spread radiation vector and 

the vector p is determined as the center position pO, and 

as the spread vector, the spread vectors p0 to p18 are 

calculated.  Here, for example, as depicted in FIG. 5, the 

spread vector p0 is the vector pO whose start point is 

the origin O and whose end point is the center position 

pO.  It is to be noted that, in FIG. 5, portions 

corresponding to those in the case of FIG. 3 are denoted 

by like reference symbols, and description of the 

portions is omitted suitably. 
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[0181] 

Further, in FIG. 5, an arrow mark plotted by a broken 

line represents a spread vector, and also in FIG. 5, in 

order to make the figure easy to see, only nine spread 

vectors are depicted. 

[0182] 

While, in the example depicted in FIG. 3, the position p 

= center position pO, in the example depicted in FIG. 5, 

the center position pO is a position different from the 

position p.  In this example, the end point position of a 

vector obtained by vector addition of the vector p and 

the spread radiation vector indicated by an arrow mark 

B11 is the center position pO. 

[0183] 

Further, it can be recognized that a region R31 

indicative of an extent of a sound image and centered at 

the center position pO is displaced to the left side in 

FIG. 5 more than that in the example of FIG. 3 with 

respect to the position p that is a position of the 

object. 

[0184] 

If it is made possible to designate, as the center 

position pO of the region indicative of an extent of a 

sound image, an arbitrary position using the spread 

radiation vector and the position p in this manner, then 
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the directionality of sound of the object can be 

represented more accurately. 

[0185] 

In the spread radiation vector method, if the spread 

vectors p0 to p18 are obtained, then the process B1 is 

thereafter performed for the vector p and the process B2 

is performed for the spread vectors p0 to p18. 

[0186] 

It is to be noted that, in the process B2, a VBAP gain 

may be calculated in regard to the 19 spread vectors or a 

VBAP gain may be calculated only in regard to the spread 

vectors p1 to p18 except the spread vector p0.  In the 

following description, it is assumed that a VBAP gain is 

calculated also in regard to the spread vector p0. 

[0187] 

Further, if a VBAP gain for each vector is calculated, 

then the process B3, the process B4 and the process B5’ 

are performed to generate audio signals to be supplied to 

the speakers.  It is to be noted that, after the process 

B3, quantization of each VBAP gain addition value is 

performed as occasion demands. 

[0188] 

Also with such a spread radiation vector method as 

described above, sound of sufficiently high quality can 

be obtained by rendering. 
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[0189] 

(Arbitrary spread vector method) 

Subsequently, the arbitrary spread vector method is 

described. 

[0190] 

In the arbitrary spread vector method, spread vector 

number information indicative of the number of spread 

vectors for calculating a VBAP gain and spread vector 

position information indicative of the end point position 

of each spread vector are stored into and transmitted 

together with a bit stream.  Here, it is assumed that 

spread vector number information and spread vector 

position information are stored, for example, into 

metadata of a frame of each audio signal for each object.  

In this case, the spread indicative of an extent degree 

of a sound image is not stored into the metadata. 

[0191] 

Upon rendering processing, on the basis of each piece of 

spread vector position information, a vector whose start 

point is the origin O and whose end point is a position 

indicated by the spread vector position information is 

calculated as spread vector. 

[0192] 

Thereafter, the process B1 is performed in regard to the 

vector p and the process B2 is performed in regard to 
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each spread vector.  Further, after a VBAP gain for each 

vector is calculated, the process B3, the process B4 and 

the process B5’ are performed to generate audio signals 

to be supplied to the speakers.  It is to be noted that, 

after the process B3, quantization of each VBAP gain 

addition value is performed as occasion demands. 

[0193] 

According to such an arbitrary spread vector method as 

described above, it is possible to designate a range to 

which a sound image is to be extended and a shape of the 

range arbitrarily, and therefore, sound of sufficiently 

high quality can be obtained by rendering. 

[0194] 

<Switching of process> 

In the present technology, it is made possible to select 

an appropriate process as a process upon rendering in 

response to a hardware scale of a renderer and so forth 

and obtain sound of the highest quality within a range of 

a permissible processing amount. 

[0195] 

In particular, in the present technology, in order to 

make it possible to perform switching between a plurality 

of processes, an index for switching a process is stored 

into and transmitted together with a bit stream from an 

encoding apparatus to a decoding apparatus.  In other 
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words, an index value index for switching a process is 

added to a bit stream syntax. 

[0196] 

For example, the following process is performed in 

response to the value of the index value index. 

[0197] 

In particular, when the index value index = 0, a decoding 

apparatus, more particularly, a renderer in a decoding 

apparatus, performs rendering similar to that in the case 

of the conventional MPEG-H 3D Audio standard. 

[0198] 

On the other hand, for example, when the index value 

index = 1, from among combinations of indexes indicative 

of 18 spread vectors according to the conventional MPEG-H 

3D Audio standard, indexes of a predetermined combination 

are stored into and transmitted together with a bit 

stream.  In this case, the renderer calculates a VBAP gain 

in regard to a spread vector indicated by each index 

stored in and transmitted together with the bit stream. 

[0199] 

Further, for example, when the index value index = 2, 

information indicative of the number of spread vectors to 

be used in processing and an index indicative of which 

one of the 18 spread vectors according to the 

conventional MPEG-H 3D Audio standard is indicated by a 



 59  

spread vector to be used for processing are stored into 

and transmitted together with a bit stream. 

[0200] 

Further, for example, when the index value index = 3, a 

rendering process is performed in accordance with the 

arbitrary spread vector method described above, and for 

example, when the index value index = 4, binarization of 

a VBAP gain addition value described above is performed 

in the rendering process.  Further, for example, when the 

index value index = 5, a rendering process is performed 

in accordance with the spread center vector method 

described hereinabove. 

[0201] 

Further, the index value index for switching a process in 

the encoding apparatus may not be designated, but a 

process may be selected by the renderer in the decoding 

apparatus. 

[0202] 

In such a case as just described, for example, it seems a 

recommendable idea to switch the process on the basis of 

importance information included in the metadata of an 

object.  In particular, for example, for an object whose 

importance degree indicated by the importance information 

is high (equal to or higher than a predetermined value), 

the process indicated by the index value index = 0 
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described above is performed.  For an object whose 

importance degree indicated by the importance information 

is low (lower than the predetermined value), the process 

indicated by the index value index = 4 described 

hereinabove can be performed. 

[0203] 

By switching a process upon rendering suitably in this 

manner, sound of the highest quality within a range of a 

permissible processing amount can be obtained in response 

to a hardware scale or the like of the renderer. 

[0204] 

<Example of configuration of audio processing apparatus> 

Subsequently, a more particular embodiment of the present 

technology described above is described. 

[0205] 

FIG. 6 is a view depicting an example of a configuration 

of an audio processing apparatus to which the present 

technology is applied. 

[0206] 

To an audio processing apparatus 11 depicted in FIG. 6, 

speakers 12-1 to 12-M individually corresponding to M 

channels are connected.  The audio processing apparatus 11 

generates audio signals of different channels on the 

basis of an audio signal and metadata of an object 

supplied from the outside and supplies the audio signals 
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to the speakers 12-1 to 12-M such that sound is 

reproduced by the speakers 12-1 to 12-M. 

[0207] 

It is to be noted that, in the following description, 

where there is no necessity to particularly distinguish 

the speakers 12-1 to 12-M from each other, each of them 

is referred to merely as speaker 12.  Each of the speakers 

12 is a sound outputting unit that outputs sound on the 

basis of an audio signal supplied thereto. 

[0208] 

The speakers 12 are disposed so as to surround a user who 

enjoys a content or the like.  For example, the speakers 

12 are disposed on a unit spherical plane described 

hereinabove. 

[0209] 

The audio processing apparatus 11 includes an acquisition 

unit 21, a vector calculation unit 22, a gain calculation 

unit 23 and a gain adjustment unit 24. 

[0210] 

The acquisition unit 21 acquires audio signals of objects 

from the outside and metadata for each frame of the audio 

signals of each object.  For example, the audio data and 

the metadata are obtained by decoding encoded audio data 

and encoded metadata included in a bit stream outputted 

from an encoding apparatus by a decoding apparatus. 
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[0211] 

The acquisition unit 21 supplies the acquired audio 

signals to the gain adjustment unit 24 and supplies the 

acquired metadata to the vector calculation unit 22.  Here, 

the metadata includes, for example, position information 

indicative of the position of the objects, importance 

information indicative of an importance degree of each 

object, spread indicative of a spatial extent of the 

sound image of the object and so forth as occasion 

demands. 

[0212] 

The vector calculation unit 22 calculates spread vectors 

on the basis of the metadata supplied thereto from the 

acquisition unit 21 and supplies the spread vectors to 

the gain calculation unit 23.  Further, as occasion 

demands, the vector calculation unit 22 supplies the 

position p of each object indicated by the position 

information included in the metadata, namely, also a 

vector p indicative of the position p, to the gain 

calculation unit 23. 

[0213] 

The gain calculation unit 23 calculates a VBAP gain of a 

speaker 12 corresponding to each channel by the VBAP on 

the basis of the spread vectors and the vector p supplied 

from the vector calculation unit 22 and supplies the VBAP 
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gains to the gain adjustment unit 24.  Further, the gain 

calculation unit 23 includes a quantization unit 31 for 

quantizing the VBAP gain for each speaker. 

[0214] 

The gain adjustment unit 24 performs, on the basis of 

each VBAP gain supplied from the gain calculation unit 23, 

gain adjustment for an audio signal of an object supplied 

from the acquisition unit 21 and supplies the audio 

signals of the M channels obtained as a result of the 

gain adjustment to the speakers 12. 

[0215] 

The gain adjustment unit 24 includes amplification units 

32-1 to 32-M.  The amplification units 32-1 to 32-M 

multiply an audio signal supplied from the acquisition 

unit 21 by VBAP gains supplied from the gain calculation 

unit 23 and supply audio signals obtained by the 

multiplication to the speakers 12-1 to 12-M so as to 

reproduce sound. 

[0216] 

It is to be noted that, in the following description, 

where there is no necessity to particularly distinguish 

the amplification units 32-1 to 32-M from each other, 

each of them is referred to also merely as amplification 

unit 32. 

[0217] 
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<Description of reproduction process> 

Now, operation of the audio processing apparatus 11 

depicted in FIG. 6 is described. 

[0218] 

If an audio signal and metadata of an object are supplied 

from the outside, then the audio processing apparatus 11 

performs a reproduction process to reproduce sound of the 

object. 

[0219] 

In the following, the reproduction process by the audio 

processing apparatus 11 is described with reference to a 

flow chart of FIG. 7.  It is to be noted that this 

reproduction process is performed for each frame of the 

audio signal. 

[0220] 

At step S11, the acquisition unit 21 acquires an audio 

signal and metadata for one frame of an object from the 

outside and supplies the audio signal to the 

amplification unit 32 while it supplies the metadata to 

the vector calculation unit 22. 

[0221] 

At step S12, the vector calculation unit 22 performs a 

spread vector calculation process on the basis of the 

metadata supplied from the acquisition unit 21 and 

supplies spread vectors obtained as a result of the 
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spread vector calculation process to the gain calculation 

unit 23.  Further, as occasion demands, the vector 

calculation unit 22 supplies also the vector p to the 

gain calculation unit 23. 

[0222] 

It is to be noted that, although details of the spread 

vector calculation process are hereinafter described, in 

the spread vector calculation process, spread vectors are 

calculated by the spread three-dimensional vector method, 

the spread center vector method, the spread end vector 

method, the spread radiation vector method or the 

arbitrary spread vector method. 

[0223] 

At step S13, the gain calculation unit 23 calculates the 

VBAP gains for the individual speakers 12 on the basis of 

location information indicative of the locations of the 

speakers 12 retained in advance and the spread vectors 

and the vector p supplied from the vector calculation 

unit 22. 

[0224] 

In particular, in regard to each of the spread vectors 

and vectors p, a VBAP gain for each speaker 12 is 

calculated.  Consequently, for each of the spread vectors 

and vectors p, a VBAP gain for one or more speakers 12 

positioned in the proximity of the position of the object, 
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namely, positioned in the proximity of the position 

indicated by the vector is obtained.  It is to be noted 

that, although the VBAP gain for the spread vector is 

calculated without fail, if a vector p is not supplied 

from the vector calculation unit 22 to the gain 

calculation unit 23 by the process at step S12, then the 

VBAP gain for the vector p is not calculated. 

[0225] 

At step S14, the gain calculation unit 23 adds the VBAP 

gains calculated in regard to each vector to calculate a 

VBAP gain addition value for each speaker 12.  In 

particular, an addition value (sum total) of the VBAP 

gains of the vectors calculated for the same speaker 12 

is calculated as the VBAP gain addition value. 

[0226] 

At step S15, the quantization unit 31 decides whether or 

not binarization of the VBAP gain addition value is to be 

performed. 

[0227] 

Whether or not binarization is to be performed may be 

decided, for example, on the basis of the index value 

index described hereinabove or may be decided on the 

basis of the importance degree of the object indicated by 

the importance information as the metadata. 

[0228] 
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If the decision is performed on the basis of the index 

value index, then, for example, the index value index 

read out from a bit stream may be supplied to the gain 

calculation unit 23.  Alternatively, if the decision is 

performed on the basis of the importance information, 

then the importance information may be supplied from the 

vector calculation unit 22 to the gain calculation unit 

23. 

[0229] 

If it is decided at step S15 that binarization is to be 

performed, then at step S16, the quantization unit 31 

binarizes the addition value of the VBAP gains determined 

for each speaker 12, namely, the VBAP gain addition value.  

Thereafter, the processing advances to step S17. 

[0230] 

In contrast, if it is decided at step S15 that 

binarization is not to be performed, then the process at 

step S16 is skipped and the processing advances to step 

S17. 

[0231] 

At step S17, the gain calculation unit 23 normalizes the 

VBAP gain for each speaker 12 such that the square sum of 

the VBAP gains of all speakers 12 may become 1. 

[0232] 

In particular, normalization of the addition value of the 
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VBAP gains determined for each speaker 12 is performed 

such that the square sum of all addition values may 

become 1.  The gain calculation unit 23 supplies the VBAP 

gains for the speakers 12 obtained by the normalization 

to the amplification units 32 corresponding to the 

individual speakers 12. 

[0233] 

At step S18, the amplification unit 32 multiplies the 

audio signal supplied from the acquisition unit 21 by the 

VBAP gains supplied from the gain calculation unit 23 and 

supplies resulting values to the speaker 12. 

[0234] 

Then at step S19, the amplification unit 32 causes the 

speakers 12 to reproduce sound on the basis of the audio 

signals supplied thereto, thereby ending the reproduction 

process.  Consequently, a sound image of the object is 

localized in a desired partial space in the reproduction 

space. 

[0235] 

In such a manner as described above, the audio processing 

apparatus 11 calculates spread vectors on the basis of 

metadata, calculates a VBAP gain for each vector for each 

speaker 12 and determines and normalizes an addition 

value of the VBAP gains for each speaker 12.  By 

calculating VBAP gains in regard to the spread vectors in 
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this manner, a spatial extent of a sound image of the 

object, especially, a shape of the object or a 

directionality of sound can be represented, and sound of 

higher quality can be obtained. 

[0236] 

Besides, by binarizing the addition value of the VBAP 

gains as occasion demands, not only it is possible to 

reduce the processing amount upon rendering, but also it 

is possible to perform an appropriate process in response 

to the processing capacity (hardware scale) of the audio 

processing apparatus 11 to obtain sound of quality as 

high as possible. 

[0237] 

<Description of spread vector calculation process> 

Here, a spread vector calculation process corresponding 

to the process at step S12 of FIG. 7 is described with 

reference to a flow chart of FIG. 8. 

[0238] 

At step S41, the vector calculation unit 22 decides 

whether or not a spread vector is to be calculated on the 

basis of a spread three-dimensional vector. 

[0239] 

For example, which method is used to calculate a spread 

vector may be decided on the basis of the index value 

index similarly as in the case at step S15 of FIG. 7 or 
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may be decided on the basis of the importance degree of 

the object indicated by the importance information. 

[0240] 

If it is decided at step S41 that a spread vector is to 

be calculated on the basis of a spread three-dimensional 

vector, namely, if it is decided that a spread vector is 

to be calculated by the spread three-dimensional method, 

then the processing advances to step S42. 

[0241] 

At step S42, the vector calculation unit 22 performs a 

spread vector calculation process based on a spread 

three-dimensional vector and supplies resulting vectors 

to the gain calculation unit 23.  It is to be noted that 

details of the spread vector calculation process based on 

spread three-dimensional vectors are hereinafter 

described. 

[0242] 

After spread vectors are calculated, the spread vector 

calculation process is ended, and thereafter, the 

processing advances to step S13 of FIG. 7. 

[0243] 

On the other hand, if it is decided at step S41 that a 

spread vector is not to be calculated on the basis of a 

spread three-dimensional vector, then the processing 

advances to step S43. 
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[0244] 

At step S43, the vector calculation unit 22 decides 

whether or not a spread vector is to be calculated on the 

basis of a spread center vector. 

[0245] 

If it is decided at step S43 that a spread vector is to 

be calculated on the basis of a spread center vector, 

namely, if it is decided that a spread vector is to be 

calculated by the spread center vector method, then the 

processing advances to step S44. 

[0246] 

At step S44, the vector calculation unit 22 performs a 

spread vector calculation process on the basis of a 

spread center vector and supplies resulting vectors to 

the gain calculation unit 23.  It is to be noted that 

details of the spread vector calculation process based on 

the spread center vector are hereinafter described. 

[0247] 

After the spread vectors are calculated, the spread 

vector calculation process is ended, and thereafter, the 

processing advances to step S13 of FIG. 7. 

[0248] 

On the other hand, if it is decided at step S43 that a 

spread vector is not to be calculated on the basis of a 

spread center vector, then the processing advances to 
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step S45. 

[0249] 

At step S45, the vector calculation unit 22 decides 

whether or not a spread vector is to be calculated on the 

basis of a spread end vector. 

[0250] 

If it is decided at step S45 that a spread vector is to 

be calculated on the basis of a spread end vector, namely, 

if it is decided that a spread vector is to be calculated 

by the spread end vector method, then the processing 

advances to step S46. 

[0251] 

At step S46, the vector calculation unit 22 performs a 

spread vector calculation process based on a spread end 

vector and supplies resulting vectors to the gain 

calculation unit 23.  It is to be noted that details of 

the spread vector calculation process based on the spread 

end vector are hereinafter described. 

[0252] 

After spread vectors are calculated, the spread vector 

calculation process is ended, and thereafter, the 

processing advances to step S13 of FIG. 7. 

[0253] 

Further, if it is decided at step S45 that a spread 

vector is not to be calculated on the basis of the spread 



 73  

end vector, then the processing advances to step S47. 

[0254] 

At step S47, the vector calculation unit 22 decides 

whether or not a spread vector is to be calculated on the 

basis of a spread radiation vector. 

[0255] 

If it is decided at step S47 that a spread vector is to 

be calculated on the basis of a spread radiation vector, 

namely, if it is decided that a spread vector is to be 

calculated by the spread radiation vector method, then 

the processing advances to step S48. 

[0256] 

At step S48, the vector calculation unit 22 performs a 

spread vector calculation process based on a spread 

radiation vector and supplies resulting vectors to the 

gain calculation unit 23.  It is to be noted that details 

of the spread vector calculation process based on a 

spread radiation vector are hereinafter described. 

[0257] 

After spread vectors are calculated, the spread vector 

calculation process is ended, and thereafter, the 

processing advances to step S13 of FIG. 7. 

[0258] 

On the other hand, if it is decided at step S47 that a 

spread vector is not to be calculated on the basis of a 
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spread radiation vector, namely, if it is decided that a 

spread vector is to be calculated by the spread radiation 

vector method, then the processing advances to step S49. 

[0259] 

At step S49, the vector calculation unit 22 performs a 

spread vector calculation process based on the spread 

vector position information and supplies a resulting 

vector to the gain calculation unit 23.  It is to be noted 

that details of the spread vector calculation process 

based on the spread vector position information are 

hereinafter described. 

[0260] 

After spread vectors are calculated, the spread vector 

calculation process is ended, and thereafter, the 

processing advances to step S13 of FIG. 7. 

[0261] 

The audio processing apparatus 11 calculates spread 

vectors by an appropriate one of the plurality of methods 

in this manner.  By calculating spread vectors by an 

appropriate method in this manner, sound of the highest 

quality within the range of a permissible processing 

amount can be obtained in response to a hardware scale of 

a renderer and so forth. 

[0262] 

<Explanation of spread vector calculation process based 
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on spread three-dimensional vector> 

Now, details of the process corresponding to the 

processes at steps S42, S44, S46, S48 and S49 described 

hereinabove with reference to FIG. 8 are described. 

[0263] 

First, a spread vector calculation process based on a 

spread three-dimensional vector corresponding to step S42 

of FIG. 8 is described with reference to a flow chart of 

FIG. 9. 

[0264] 

At step S81, the vector calculation unit 22 determines a 

position indicated by position information included in 

metadata supplied from the acquisition unit 21 as object 

position p.  In other words, a vector indicative of the 

position p is the vector p. 

[0265] 

At step S82, the vector calculation unit 22 calculates a 

spread on the basis of a spread three-dimensional vector 

included in the metadata supplied from the acquisition 

unit 21.  In particular, the vector calculation unit 22 

calculates the expression (1) given hereinabove to 

calculate a spread. 

[0266] 

At step S83, the vector calculation unit 22 calculates 

spread vectors p0 to p18 on the basis of the vector p and 
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the spread. 

[0267] 

Here, the vector p is determined as vector p0 indicative 

of the center position pO, and the vector p is determined 

as it is as spread vector p0.  Further, as spread vectors 

p1 to p18, vectors are calculated so as to be symmetrical 

in the upward and downward direction and the leftward and 

rightward direction within a region centered at the 

center position pO and defined by an angle indicated by 

the spread on the unit spherical plane similarly as in 

the case of the MPEG-H 3D Audio standard. 

[0268] 

At step S84, the vector calculation unit 22 decides on 

the basis of the spread three-dimensional vector whether 

or not s3_azimuth ≥ s3_elevation is satisfied, namely, 

whether or not s3_azimuth is greater than s3_elevation. 

[0269] 

If it is decided at step S84 that s3_azimuth ≥ 

s3_elevation is satisfied, then at step S85, the vector 

calculation unit 22 changes elevation of the spread 

vectors p1 to p18.  In particular, the vector calculation 

unit 22 performs calculation of the expression (2) 

described hereinabove to correct elevation of the spread 

vectors to obtain final spread vectors. 

[0270] 
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After the final spread vectors are obtained, the vector 

calculation unit 22 supplies the spread vectors p0 to p18 

to the gain calculation unit 23, thereby ending the 

spread vector calculation process based on the spread 

three-dimensional vector.  Since the process at step S42 

of FIG. 8 ends therewith, the processing thereafter 

advances to step S13 of FIG. 7. 

[0271] 

On the other hand, if it is decided at step S84 that 

s3_azimuth ≥ s3_elevation is not satisfied, then at step 

S86, the vector calculation unit 22 changes azimuth of 

the spread vectors p1 to p18.  In particular, the vector 

calculation unit 22 performs calculation of the 

expression (3) given hereinabove to correct azimuths of 

the spread vectors thereby to obtain final spread vectors. 

[0272] 

After the final spread vectors are obtained, the vector 

calculation unit 22 supplies the spread vectors p0 to p18 

to the gain calculation unit 23, thereby ending the 

spread vector calculation process based on the spread 

three-dimensional vector.  Consequently, since the process 

at step S42 of FIG. 8 ends, the processing thereafter 

advances to step S13 of FIG. 7. 

[0273] 

The audio processing apparatus 11 calculates each spread 
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vector by the spread three-dimensional vector method in 

such a manner as described above.  Consequently, it 

becomes possible to represent the shape of the object and 

the directionality of sound of the object and obtain 

sound of higher quality. 

[0274] 

<Explanation of spread vector calculation process based 

on spread center vector> 

Now, a spread vector calculation process based on a 

spread center vector corresponding to step S44 of FIG. 8 

is described with reference to a flow chart of FIG. 10. 

[0275] 

It is to be noted that a process at step S111 is similar 

to the process at step S81 of FIG. 9, and therefore, 

description of it is omitted. 

[0276] 

At step S112, the vector calculation unit 22 calculates 

spread vectors p0 to p18 on the basis a spread center 

vector and a spread included in metadata supplied from 

the acquisition unit 21. 

[0277] 

In particular, the vector calculation unit 22 sets the 

position indicated by the spread center vector as center 

position pO and sets the vector indicative of the center 

position pO as spread vector p0.  Further, the vector 
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calculation unit 22 determines spread vectors p1 to p18 

such that they are positioned symmetrical in the upward 

and downward direction and the leftward and rightward 

direction within a region centered at the center position 

pO and defined by an angle indicated by the spread on the 

unit spherical plane.  The spread vectors p1 to p18 are 

determined basically similarly as in the case of the 

MPEG-H 3D Audio standard. 

[0278] 

The vector calculation unit 22 supplies the vector p and 

the spread vectors p0 to p18 obtained by the processes 

described above to the gain calculation unit 23, thereby 

ending the spread vector calculation process based on the 

spread center vector.  Consequently, the process at step 

S44 of FIG. 8 ends, and thereafter, the processing 

advances to step S13 of FIG. 7. 

[0279] 

The audio processing apparatus 11 calculates a vector p 

and spread vectors by the spread center vector method in 

such a manner as described above.  Consequently, it 

becomes possible to represent the shape of an object and 

the directionality of sound of the object and obtain 

sound of higher quality. 

[0280] 

It is to be noted that, in the spread vector calculation 
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process based on a spread center vector, the spread 

vector p0 may not be supplied to the gain calculation 

unit 23.  In other words, the VBAP gain may not be 

calculated in regard to the spread vector p0. 

[0281] 

<Explanation of spread vector calculation process based 

on spread end vector> 

Further, a spread vector calculation process based on a 

spread end vector corresponding to step S46 of FIG. 8 is 

described with reference to a flow chart of FIG. 11. 

[0282] 

It is to be noted that a process at step S141 is similar 

to the process at step S81 of FIG. 9, and therefore, 

description of it is omitted. 

[0283] 

At step S142, the vector calculation unit 22 calculates 

the center position pO, namely, the vector pO, on the 

basis of a spread end vector included in metadata 

supplied from the acquisition unit 21.  In particular, the 

vector calculation unit 22 calculates the expression (4) 

given hereinabove to calculate the center position pO. 

[0284] 

At step S143, the vector calculation unit 22 calculates a 

spread on the basis of the spread end vector.  In 

particular, the vector calculation unit 22 calculates the 
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expression (5) given hereinabove to calculate a spread. 

[0285] 

At step S144, the vector calculation unit 22 calculates 

spread vectors p0 to p18 on the basis of the center 

position pO and the spread. 

[0286] 

Here, the vector pO indicative of the center position pO 

is set as it is as spread vector p0.  Further, the spread 

vectors p1 to p18 are calculated such that they are 

positioned symmetrical in the upward and downward 

direction and the leftward and rightward direction within 

a region centered at the center position pO and defined 

by an angle indicated by the spread on the unit spherical 

plane similarly as in the case of the MPEG-H 3D Audio 

standard. 

[0287] 

At step S145, the vector calculation unit 22 decides 

whether or not (spread left end azimuth - spread right 

end azimuth) ≥ (spread upper end elevation - spread lower 

end elevation) is satisfied, namely, whether or not the 

(spread left end azimuth - spread right end azimuth) is 

greater than the (spread upper end elevation - spread 

lower end elevation). 

[0288] 

If it is decided at step S145 that (spread left end 
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azimuth - spread right end azimuth) ≥ (spread upper end 

elevation - spread lower end elevation) is satisfied, 

then at step S146, the vector calculation unit 22 changes 

elevation of the spread vectors p1 to p18.  In particular, 

the vector calculation unit 22 performs calculation of 

the expression (6) given hereinabove to correct 

elevations of the spread vectors to obtain final spread 

vectors. 

[0289] 

After the final spread vectors are obtained, the vector 

calculation unit 22 supplies the spread vectors p0 to p18 

and the vector p to the gain calculation unit 23, thereby 

ending the spread vector calculation process based on the 

spread end vector.  Consequently, the process at step S46 

of FIG. 8 ends, and thereafter, the processing advances 

to step S13 of FIG. 7. 

[0290] 

On the other hand, if it is decided at step S145 that 

(spread left end azimuth - spread right end azimuth) ≥ 

(spread upper end elevation - spread lower end elevation) 

is not satisfied, then the vector calculation unit 22 

changes azimuth of the spread vectors p1 to p18 at step 

S147.  In particular, the vector calculation unit 22 

performs calculation of the expression (7) given 

hereinabove to correct azimuth of the spread vectors to 
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obtain final spread vectors. 

[0291] 

After the final spread vectors are obtained, the vector 

calculation unit 22 supplies the spread vectors p0 to p18 

and the vector p to the gain calculation unit 23, thereby 

to end the spread vector calculation process based on the 

spread end vector.  Consequently, the process at step S46 

of FIG. 8 ends, and thereafter, the processing advances 

to step S13 of FIG. 7. 

[0292] 

As described above, the audio processing apparatus 11 

calculates spread vectors by the spread end vector method.  

Consequently, it becomes possible to represent a shape of 

an object and a directionality of sound of the object and 

obtain sound of higher quality. 

[0293] 

It is to be noted that, in the spread vector calculation 

process based on a spread end vector, the spread vector 

p0 may not be supplied to the gain calculation unit 23.  

In other words, the VBAP gain may not be calculated in 

regard to the spread vector p0. 

[0294] 

<Explanation of spread vector calculation process based 

on spread radiation vector> 

Now, a spread vector calculation process based on a 
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spread radiation vector corresponding to step S48 of FIG. 

8 is described with reference to a flow chart of FIG. 12. 

[0295] 

It is to be noted that a process at step S171 is similar 

to the process at step S81 of FIG. 9 and, therefore, 

description of the process is omitted. 

[0296] 

At step S172, the vector calculation unit 22 calculates 

spread vectors p0 to p18 on the basis of a spread 

radiation vector and a spread included in metadata 

supplied from the acquisition unit 21. 

[0297] 

In particular, the vector calculation unit 22 sets a 

position indicated by a vector obtained by adding a 

vector p indicative of an object position p and the 

radiation vector as center position pO.  The vector 

indicating this center portion pO is the vector pO, and 

the vector calculation unit 22 sets the vector pO as it 

is as spread vector p0. 

[0298] 

Further, the vector calculation unit 22 determines spread 

vectors p1 to p18 such that they are positioned 

symmetrical in the upward and downward direction and the 

leftward and rightward direction within a region centered 

at the center position pO and defined by an angle 
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indicated by the spread on the unit spherical plane.  The 

spread vectors p1 to p18 are determined basically 

similarly as in the case of the MPEG-H 3D Audio standard. 

[0299] 

The vector calculation unit 22 supplies the vector p and 

the spread vectors p0 to p18 obtained by the processes 

described above to the gain calculation unit 23, thereby 

ending the spread vector calculation process based on a 

spread radiation vector.  Consequently, since the process 

at step S48 of FIG. 8 ends, the processing thereafter 

advances to step S13 of FIG. 7. 

[0300] 

The audio processing apparatus 11 calculates the vector p 

and the spread vectors by the spread radiation vector 

method in such a manner as described above.  Consequently, 

it becomes possible to represent a shape of an object and 

a directionality of sound of the object and obtain sound 

of higher quality. 

[0301] 

It is to be noted that, in the spread vector calculation 

process based on a spread radiation vector, the spread 

vector p0 may not be supplied to the gain calculation 

unit 23.  In other words, the VBAP gain may not be 

calculated in retard to the spread vector p0. 

[0302] 



 86  

<Explanation of spread vector calculation process based 

on spread vector position information> 

Now, a spread vector calculation process based on spread 

vector position information corresponding to step S49 of 

FIG. 8 is described with reference to a flow chart of FIG. 

13. 

[0303] 

It is to be noted that a process at step S201 is similar 

to the process at step S81 of FIG. 9, and therefore, 

description of it is omitted. 

[0304] 

At step S202, the vector calculation unit 22 calculates 

spread vectors on the basis of spread vector number 

information and spread vector position information 

included in metadata supplied from the acquisition unit 

21. 

[0305] 

In particular, the vector calculation unit 22 calculates 

a vector that has a start point at the origin O and has 

an end point at a position indicated by the spread vector 

position information as spread vector.  Here, the number 

of spread vectors equal to a number indicated by the 

spread vector number information is calculated. 

[0306] 

The vector calculation unit 22 supplies the vector p and 
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the spread vectors obtained by the processes described 

above to the gain calculation unit 23, thereby ending the 

spread vector calculation process based on spread vector 

position information.  Consequently, since the process at 

step S49 of FIG. 8 ends, the processing thereafter 

advances to step S13 of FIG. 7. 

[0307] 

The audio processing apparatus 11 calculates the vector p 

and the spread vectors by the arbitrary spread vector 

method in such a manner as described above.  Consequently, 

it becomes possible to represent a shape of an object and 

a directionality of sound of the object and obtain sound 

of higher quality. 

[0308] 

<Second Embodiment> 

<Processing amount reduction of rendering process> 

Incidentally, VBAP is known as a technology for 

controlling localization of a sound image using a 

plurality of speakers, namely, for performing a rendering 

process, as described above. 

[0309] 

In the VBAP, by outputting sound from three speakers, a 

sound image can be localized at an arbitrary point on the 

inner side of a triangle configured from the three 

speakers.  In the following, a triangle configured 
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especially from such three speakers is called mesh. 

[0310] 

Since the rendering process by the VBAP is performed for 

each object, in the case where the number of objects is 

great such as, for example, in a game, the processing 

amount of the rendering process is great.  Therefore, a 

renderer of a small hardware scale may not be able to 

perform rendering for all objects, and as a result, sound 

only of a limited number of objects may be reproduced.  

This may damage the presence or the sound quality upon 

sound reproduction. 

[0311] 

Therefore, the present technology makes it possible to 

reduce the processing amount of a rendering process while 

deterioration of the presence or the sound quality is 

suppressed. 

[0312] 

In the following, such a technology as just described is 

described. 

[0313] 

In an ordinary VBAP process, namely, in a rendering 

process, processing of the processes A1 to A3 described 

hereinabove is performed for each object to generate 

audio signals for the speakers. 

[0314] 
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Since the number of speakers for which a VBAP gain is 

substantially calculated is three and the VBAP gain for 

each speaker is calculated for each of samples that 

configure an audio signal, in the multiplication process 

in the process A3, multiplication is performed by the 

number of times equal to (sample number of audio signal × 

3). 

[0315] 

In contrast, in the present technology, by performing an 

equal gain process for VBAP gains, namely, a quantization 

process of VBAP gains, and a mesh number switching 

process for changing the number of meshes to be used upon 

VBAP gain calculation in a suitable combination, the 

processing amount of the rendering process is reduced. 

[0316] 

(Quantization process) 

First, a quantization process is described.  Here, as 

examples of a quantization process, a binarization 

process and a ternarization process are described. 

[0317] 

Where a binarization process is performed as the 

quantization process, after the process A1 is performed, 

a VBAP gain obtained for each speaker by the process A1 

is binarized.  In the binarization, for example, a VBAP 

gain for each speaker is represented by one of 0 and 1. 
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[0318] 

It is to be noted that the method for binarizing a VBAP 

gain may be any method such as rounding off, ceiling 

(round up), flooring (truncation) or a threshold value 

process. 

[0319] 

After the VBAP gains are binarized in this manner, the 

process A2 and the process A3 are performed to generate 

audio signals for the speakers. 

[0320] 

At this time, in the process A2, since normalization is 

performed on the basis of the binarized VBAP gains, the 

final VBAP gains for the speakers become one value other 

than 0 similarly as upon quantization of a spread vector 

described hereinabove.  In other words, if the VBAP gains 

are binarized, then the values of the final VBAP gains of 

the speakers are either 0 or a predetermined value. 

[0321] 

Accordingly, in the multiplication process in the process 

A3, multiplication may be performed by (sample number of 

audio signal × 1) times, and therefore the processing 

amount of the rendering process can be reduced 

significantly. 

[0322] 

Similarly, after the process A1, the VBAP gains obtained 
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for the speakers may be ternarized.  In such a case as 

just described, the VBAP gain obtained for each speaker 

by the process A1 is ternarized into one of values of 0, 

0.5 and 1.  Then, the process A2 and the process A3 are 

thereafter performed to generate audio signals for the 

speakers. 

[0323] 

Accordingly, since the multiplication time number in the 

multiplication process in the process A3 becomes (sample 

number of audio signal × 2) in the maximum, the 

processing amount of the rendering process can be reduced 

significantly. 

[0324] 

It is to be noted that, although description here is 

given taking a case in which a VBAP gain is binarized or 

ternarized as an example, a VBAP gain may be quantized 

into 4 or more values.  Generalizing this, for example, a 

VBAP gain is quantized such that it has one of x gains 

equal to or greater than 2, or in other words, if a VBAP 

gain is quantized by a quantization number x, then the 

number of times of the multiplication process in the 

process A3 becomes (x - 1) in the maximum. 

[0325] 

The processing amount of the rendering process can be 

reduced by quantizing a VBAP gain in such a manner as 
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described above.  If the processing amount of the 

rendering process decreases in this manner, then even in 

the case where the number of objects is great, it becomes 

possible to perform rendering for all objects, and 

therefore, deterioration of the presence or the sound 

quality upon sound reproduction can be suppressed to a 

low level.  In other words, the processing amount of the 

rendering process can be reduced while deterioration of 

the presence or the sound quality is suppressed. 

[0326] 

(Mesh number switching process) 

Now, a mesh number switching process is described. 

[0327] 

In the VBAP, as descried hereinabove, for example, with 

reference to FIG. 1, a vector p indicative of the 

position p of a sound image of an object of a processing 

target is represented by a linear sum of vectors I1 to I3 

directed in the directions of the three speakers SP1 to 

SP3, and coefficients g1 to g3 by which the vectors are 

multiplied are VBAP gains for the speakers.  In the 

example of FIG. 1, a triangular region TR11 surrounded by 

the speakers SP1 to SP3 forms one mesh. 

[0328] 

Upon calculation of a VBAP gain, the three coefficients g1 

to g3 are determined by calculation from an inverse matrix 
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L123
-1 of a mesh of a triangular shape and the position p 

of the sound image of the object particularly by the 

following expression (8): 

[0329] 

[Expression 8] 
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[0330] 

It is to be noted that p1, p2 and p3 in the expression (8) 

indicate an x coordinate, a y coordinate and a z 

coordinate on a Cartesian coordinate system indicative of 

the position of the sound image of the object, namely, on 

the three-dimensional coordinate system depicted in FIG. 

2. 

[0331] 

Further, I11, I12 and I13 are values of an x component, a y 

component and a z component in the case where the vector 

I1 directed to the first speaker SP1 configuring the mesh 

is decomposed into components on the x axis, y axis and z 

axis, and correspond to an x coordinate, a y coordinate 

and a z coordinate of the first speaker SP1, respectively. 

[0332] 

Similarly, I21, I22 and I23 are values of an x component, a 

y component and a z component in the case where the 
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vector I2 directed to the second speaker SP2 configuring 

the mesh is decomposed into components on the x axis, y 

axis and z axis, respectively.  Further, I31, I32 and I33 

are values of an x component, a y component and a z 

component in the case where the vector I3 directed to the 

third speaker SP3 configuring the mesh is decomposed into 

components on the x axis, y axis and z axis, respectively. 

[0333] 

Furthermore, transformation from p1, p2 and p3 of the 

three-dimensional coordinate system of the position p 

into coordinates θ , γ  and r of the spherical coordinate 

system is defined, where r = 1, as represented by the 

following expression (9).  Here, θ , γ  and r are a 

horizontal direction angle azimuth, a vertical direction 

angle elevation and a distance radius described 

hereinabove, respectively. 

[0334] 

[Expression 9] 

[p1 p2 p3] = [cos(θ ) × cos(γ ) sin(θ ) × cos(γ ) sin(γ )] 

... (9) 

[0335] 

As described hereinabove, in a space at the content 

reproduction side, namely, in a reproduction space, a 

plurality of speakers are disposed on a unit sphere, and 

one mesh is configured from three speakers from among the 
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plurality of speakers.  Further, the overall surface of 

the unit sphere is basically covered with a plurality of 

meshes without a gap left therebetween.  Further, the 

meshes are determined such that they do not overlap with 

each other. 

[0336] 

In the VBAP, if sound is outputted from two or three 

speakers that configure one mesh including a position p 

of an object from among speakers disposed on the surface 

of a unit sphere, then a sound image can be localized at 

the position p, and therefore, the VBAP gain of the 

speakers other than the speakers configuring the mesh is 

0. 

[0337] 

Accordingly, upon calculation of a VBAP gain, one mesh 

including the position p of the object may be specified 

to calculate a VBAP gain for the speakers that configure 

the mesh.  For example, whether or not a predetermined 

mesh is a mesh including the position p can be decided 

from the calculated VBAP gains. 

[0338] 

In particular, if the VBAP gains of three speakers 

calculated in regard to a mesh are all values equal to or 

higher than 0, then the mesh is a mesh including the 

position p of the object.  On the contrary, if at least 
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one of the VBAP gains for the three speakers has a 

negative value, then since the position p of the object 

is positioned outside the mesh configured from the 

speakers, the calculated VBAP gain is not a correct VBAP 

gain. 

[0339] 

Therefore, upon calculation of a VBAP gain, the meshes 

are selected one by one as a mesh of a processing target, 

and calculation of the expression (8) given hereinabove 

is performed for the mesh of the processing target to 

calculate a VBAP gain for each speaker configuring the 

mesh. 

[0340] 

Then, from a result of the calculation of the VBAP gains, 

whether or not the mesh of the processing target is a 

mesh including the position p of the object is decided, 

and if it is decided that the mesh of the processing 

target is a mesh that does not include the position p, 

then a next mesh is determined as a mesh of a new 

processing target and similar processes are performed for 

the mesh. 

[0341] 

On the other hand, if it is decided that the mesh of the 

processing target is a mesh that includes the position p 

of the object, then the VBAP gains of the speakers 
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configuring the mesh are determined as calculated VBAP 

gains while the VBAP gains of the other speakers are set 

to 0.  Consequently, the VBAP gains for all speakers are 

obtained. 

[0342] 

In this manner, in the rendering process, a process for 

calculating a VBAP gain and a process for specifying a 

mesh that includes the position p are performed 

simultaneously. 

[0343] 

In particular, in order to obtain correct VBAP gains, a 

process of successively selecting a mesh of a processing 

target until all of VBAP gains for speakers configuring a 

mesh indicate values equal to or higher than 0 and 

calculating VBAP gains of the mesh is repeated. 

[0344] 

Accordingly, in the rendering process, as the number of 

meshes on the surface of a unit sphere, the processing 

amount of processes required to specify a mesh including 

the position p, namely, to obtain a correct VBAP gain 

increases. 

[0345] 

Therefore, in the present technology, not all of speakers 

in an actual reproduction environment are used to form 

(configure) meshes, but only some speakers from among all 
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speakers are used to form meshes to reduce the total 

number of meshes and reduce the processing amount upon 

rendering processing.  In particular, in the present 

technology, a mesh number switching process for changing 

the total number of meshes is performed. 

[0346] 

In particular, for example, in a speaker system of 22 

channels, totaling 22 speakers including speakers SPK1 to 

SPK22 are disposed as speakers of different channels on 

the surface of a unit sphere as depicted in FIG. 14.  It 

is to be noted that, in FIG. 14, the origin O corresponds 

to the origin O depicted in FIG. 2. 

[0347] 

Where the 22 speakers are disposed on the surface of the 

unit sphere in this manner, if meshes are formed such 

that they cover the unit sphere surface using all of the 

22 speakers, then the total number of meshes on the unit 

sphere is 40. 

[0348] 

In contrast, it is assumed that, for example, as depicted 

in FIG. 15, from among the totaling 22 speakers SPK1 to 

SPK22, only totaling six speakers of the speakers SPK1, 

SPK6, SPK7, SPK10, SPK19 and SPK20 are used to form 

meshes.  It is to be noted that, in FIG. 15, portions 

corresponding to those in the case of FIG. 14 are denoted 



 99  

by like reference symbols and description of them is 

omitted suitably. 

[0349] 

In the example of FIG. 15, since only the totaling six 

speakers from among the 22 speakers are used to form 

meshes, the total number of meshes on the unit sphere is 

eight, and the total number of meshes can be reduced 

significantly.  As a result, in the example depicted in 

FIG. 15, in comparison with the case in which all of the 

22 speakers are used to form meshes as depicted in FIG. 

14, the processing amount when VBAP gains are calculated 

can be reduced to 8/40 times, and the processing amount 

can be reduced significantly. 

[0350] 

It is to be noted that, also in the present example, 

since the overall surface of the unit sphere is covered 

with eight meshes without a gap, it is possible to 

localize a sound image at an arbitrary position on the 

surface of the unit sphere.  However, since the area of 

each mesh decreases as the total number of meshes 

provided on the unit sphere surface increases, it is 

possible to control localization of a sound image with a 

higher accuracy as the total number of meshes increases. 

[0351] 

If the total number of meshes is changed by the mesh 
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number switching process, then when speakers to be used 

to form the number of meshes after the change are 

selected, it is desirable to select speakers whose 

positions in the vertical direction (upward and downward 

direction) as viewed from the user who is at the origin O, 

namely, whose positions in the direction of the vertical 

direction angle elevation are different from each other.  

In other words, it is desirable to use three or more 

speakers including speakers positioned at different 

heights from each other to form the number of meshes 

after the change.  This is because it is intended to 

suppress deterioration of the three-dimensional sense, 

namely, the presence, of sound. 

[0352] 

For example, a case is considered in which some or all of 

five speakers including the speakers SP1 to SP5 disposed 

on a unit sphere surface are used to form meshes as 

depicted in FIG. 16.  It is to be noted that, in FIG. 16, 

portions corresponding to those in the case of FIG. 3 are 

denoted by like reference symbols and description of them 

is omitted. 

[0353] 

Where all of the five speakers SP1 to SP5 in the example 

depicted in FIG. 16 are used to form meshes with which a 

unit sphere surface are covered, the number of meshes is 
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three.  In particular, three regions including a region of 

a triangular shape surrounded by the speakers SP1 to SP3, 

another region of a triangular shape surrounded by the 

speakers SP2 to SP4 and a further region of a triangular 

shape surrounded by the speakers SP2, SP4 and SP5 form 

meshes. 

[0354] 

In contrast, for example, if only the speakers SP1, SP2 

and SP5 are used, then the mesh does not form a 

triangular shape but forms a two-dimensional arc.  In this 

case, a sound image of an object can be localized only on 

the arc interconnecting the speakers SP1 and SP2 or on 

the arc interconnecting the speakers SP2 and SP5 of the 

unit sphere. 

[0355] 

In this manner, if all speakers used to form meshes are 

speakers at the same height in the vertical direction, 

namely, speakers of the same layer, then since the 

heights of localization positions of all sound images of 

an object become a same height, the presence is 

deteriorated. 

[0356] 

Accordingly, it is desirable to use three or more 

speakers including speakers whose positions in a vertical 

direction (the vertical direction) are different from 
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each other to form one or a plurality of meshes such that 

deterioration of the presence can be suppressed. 

[0357] 

In the example of FIG. 16, for example, if the speaker 

SP1 and the speakers SP3 to SP5 from among the speakers 

SP1 to SP5 are used, then two meshes can be formed such 

that they cover the overall unit sphere surface.  In this 

example, the speakers SP1 and SP5 and the speakers SP3 

and SP4 are positioned at heights different from each 

other. 

[0358] 

In this case, for example, a region of a triangular shape 

surrounded by the speakers SP1, SP3 and SP5 and another 

region of a triangular shape surrounded by the speakers 

SP3 to SP5 are formed as meshes. 

[0359] 

Further, in this example, also it is possible to form two 

regions including a region of a triangular shape 

surrounded by the speakers SP1, SP3 and SP4 and another 

region of a triangular shape surrounded by the speakers 

SP1, SP4 and SP5 as meshes. 

[0360] 

In the two examples above, since a sound image can be 

localized at an arbitrary position on the unit sphere 

surface, deterioration of the presence can be suppressed.  
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Further, in order to form meshes such that the overall 

unit sphere surface is covered with a plurality of meshes, 

it is desirable to use a so-called top speaker positioned 

just above the user without fail.  For example, the top 

speaker is the speaker SPK19 depicted in FIG. 14. 

[0361] 

By performing a mesh number switching process to change 

the total number of meshes in such a manner as described 

above, it is possible to reduce the processing amount of 

a rendering process and besides it is possible to 

suppress deterioration of the presence or the sound 

quality upon sound reproduction to a low level similarly 

as in the case of a quantization process.  In other words, 

the processing amount of the rendering process can be 

reduced while deterioration of the presence or the sound 

quality is suppressed. 

[0362] 

To select whether or not such a mesh number switching 

process is to be performed or to which number the total 

number of meshes is set in the mesh number switching 

process can be regarded as to select the total number of 

meshes to be used to calculate VBAP gains. 

[0363] 

(Combination of quantization process and mesh number 

switching process) 
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In the foregoing description, as a technique for reducing 

the processing amount of a rendering process, a 

quantization process and a mesh number switching process 

are described. 

[0364] 

At the renderer side that performs a rendering process, 

some of the processes described as a quantization process 

or a mesh number switching process may be used fixedly, 

or such processes may be switched or may be combined 

suitably. 

[0365] 

For example, which processes are to be performed in 

combination may be determined on the basis of the total 

number of objects (hereinafter referred to as object 

number), importance information included in metadata of 

an object, a sound pressure of an audio signal of an 

object or the like.  Further, it is possible to perform 

combination of processes, namely, switching of a process, 

for each object or for each frame of an audio signal. 

[0366] 

For example, where switching of a process is performed in 

response to the object number, such a process as 

described below may be performed. 

[0367] 

For example, where the object number is equal to or 
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greater than 10, a binarization process for a VBAP gain 

is performed for all objects.  In contrast, where the 

object number is smaller than 10, only the process A1 to 

the process A3 described hereinabove are performed as 

usual. 

[0368] 

By performing processes as usual when the object number 

is small but performing a binarization process when the 

object number is great in this manner, rendering can be 

performed sufficiently even by a renderer of a small 

hardware scale, and sound of quality as high as possible 

can be obtained. 

[0369] 

Further, when switching of a process is performed in 

response to the object number, a mesh number switching 

process may be performed in response to the object number 

to change the total number of meshes appropriately. 

[0370] 

In this case, for example, it is possible to set the 

total number of meshes to 8 when the object number is 

equal to or greater than 10 but set the total number of 

meshes to 40 when the object number is smaller than 10.  

Further, the total number of meshes may be changed among 

multiple stages in response to the object number such 

that the total number of meshes decreases as the object 
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number increases. 

[0371] 

By changing the total number of meshes in response to the 

object number in this manner, it is possible to adjust 

the processing amount in response to the hardware scale 

of a renderer thereby to obtain sound of quality as high 

as possible. 

[0372] 

Further, where switching of a process is performed on the 

basis of importance information included in metadata of 

an object, the following process can be performed. 

[0373] 

For example, when the importance information of the 

object has the highest value indicative of the highest 

importance degree, only the processes A1 to A3 are 

performed as usual, but where the importance information 

of the object has a value other than the highest value, a 

binarization process for a VBAP gain is performed. 

[0374] 

Further, for example, a mesh number switching process may 

be performed in response to the value of the importance 

information of the object to change the total number of 

messes appropriately.  In this case, the total number of 

meshes may be increased as the importance degree of the 

object increases, and the total number of meshes can be 
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changed among multiple stages. 

[0375] 

In those examples, the process can be switched for each 

object on the basis of the importance information of each 

object.  In the process described here, it is possible to 

increase the sound quality in regard to an object having 

a high importance degree but decrease the sound quality 

in regard to an object having a low importance degree 

thereby to reduce the processing amount.  Accordingly, 

when sound of objects of various importance degrees are 

to be reproduced simultaneously, sound quality 

deterioration on the auditory sensation is suppressed 

most to reduce the processing amount, and it can be 

considered that this is a technique that is well-balanced 

between assurance of sound quality and processing amount 

reduction. 

[0376] 

In this manner, when switching of a process is performed 

for each object on the basis of the importance 

information of an object, it is possible to increase the 

total number of objects as the importance degree of the 

object increases or to avoid performance of the 

quantization process when the importance degree of the 

object is high. 

[0377] 
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In addition, also with regard to an object having a low 

importance degree, namely, with regard to an object whose 

value of the importance information is lower than a 

predetermined value, the total number of meshes may be 

increased for an object positioned at a position near to 

an object that has a higher importance degree, namely, an 

object whose value of the importance information is equal 

to or higher than a predetermined value or the 

quantization process may not be performed. 

[0378] 

In particular, in regard to an object whose importance 

information indicates the highest value, the total number 

of meshes is set to 40, but in regard to an object whose 

importance information does not indicate the highest 

value, the total number of meshes is decreased. 

[0379] 

In this case, in regard to an object whose importance 

information is not the highest value, the total number of 

meshes may be increased as the distance between the 

object and an object whose importance information is the 

highest value decreases.  Usually, since a user listens 

especially carefully to sound of an object of a high 

importance degree, if the sound quality of sound of a 

different object positioned near to the object is low, 

then the user will feel that the sound quality of the 
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entire content is not good.  Therefore, by determining the 

total number of meshes also in regard to an object that 

is positioned near to an object having a high importance 

degree such that sound quality as high as possible can be 

obtained, deterioration of sound quality on the auditory 

sensation can be suppressed. 

[0380] 

Further, a process may be switched in response to a sound 

pressure of an audio signal of an object.  Here, the sound 

pressure of an audio signal can be determined by 

calculating a square root of a mean squared value of 

sample values of samples in a frame of a rendering target 

of an audio signal.  In particular, the sound pressure RMS 

can be determined by calculation of the following 

expression (10): 

[0381] 

[Expression 10] 
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[0382] 

It is to be noted that, in the expression (10), N 

represents the number of samples configuring a frame of 

an audio signal, and xn represents a sample value of the 

nth (where n = 0, ..., N - 1) sample in a frame. 

[0383] 
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Where a process is switched in response to the sound 

pressure RMS of an audio signal obtained in this manner, 

the following process can be performed. 

[0384] 

For example, where the sound pressure RMS of an audio 

signal of an object is -6 dB or more with respect to 0 dB 

that is the full scale of the sound pressure RMS, only 

the processes A1 to A3 are performed as usual, but where 

the sound pressure RMS of an object is lower than -6 dB, 

a binarization process for a VBAP gain is performed. 

[0385] 

Generally, where sound has a high sound pressure, 

deterioration of the sound quality is likely to stand out, 

and such sound is often sound of an object having a high 

importance degree.  Therefore, here in regard to an object 

of sound having a high sound pressure RMS, the sound 

quality is prevented from being deteriorated while, in 

regard to an object of sound having a low sound pressure 

RMS, a binarization process is performed such that the 

processing amount is reduced on the whole.  By this, even 

by a renderer of a small hardware scale, rendering can be 

performed sufficiently, and besides, sound of quality as 

high as possible can be obtained. 

[0386] 

Alternatively, a mesh number switching process may be 
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performed in response to the sound pressure RMS of an 

audio signal of an object such that the total number of 

meshes is changed appropriately.  In this case, for 

example, the total number of meshes may be increased as 

the sound pressure RMS of the object increases, and the 

total number of meshes can be changed among multiple 

stages. 

[0387] 

Further, a combination of a quantization process or a 

mesh number switching process may be selected in response 

to the object number, the importance information and the 

sound pressure RMS. 

[0388] 

In particular, a VBAP gain may be calculated by a process 

according to a result of selection, on the basis of the 

object number, the importance information and the sound 

pressure RMS, of whether or not a quantization process is 

to be performed, into how many gains a VBAP gain is to be 

quantized in the quantization process, namely, the 

quantization number upon the quantization processing, and 

the total number of meshes to be used for calculation of 

a VBAP gain.  In such a case, for example, such a process 

as given below can be performed. 

[0389] 

For example, where the object number is 10 or more, the 
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total number of meshes is set to 10 and besides a 

binarization process is performed.  In this case, since 

the object number is great, the processing amount is 

reduced by reducing the total number of meshes and 

performing a binarization process.  Consequently, even 

where the hardware scale of a renderer is small, 

rendering of all objects can be performed. 

[0390] 

Meanwhile, where the object number is smaller than 10 and 

besides the value of the importance information is the 

highest value, only the processes A1 to A3 are performed 

as usual.  Consequently, for an object having a high 

importance degree, sound can be reproduced without 

deteriorating the sound quality. 

[0391] 

Where the object number is smaller than 10 and besides 

the value of the importance information is not the 

highest value and besides the sound pressure RMS is equal 

to or higher than -30 dB, the total number of meshes is 

set to 10 and besides a ternarization process is 

performed.  This makes it possible to reduce the 

processing amount upon rendering processing to such a 

degree that, in regard to sound that has a high sound 

pressure although the importance degree is low, sound 

quality deterioration of the sound does not stand out. 



 113  

[0392] 

Further, where the object number is smaller than 10 and 

besides the value of the importance information is not 

the highest value and besides the sound pressure RMS is 

lower than -30 dB, the total number of meshes is set to 5 

and further a binarization process is performed.  This 

makes it possible to sufficiently reduce the processing 

amount upon rendering processing in regard to sound that 

has a low importance degree and has a low sound pressure. 

[0393] 

In this manner, when the object number is great, the 

processing amount upon rendering processing is reduced 

such that rendering of all objects can be performed, but 

when the object number is small to some degree, an 

appropriate process is selected and rendering is 

performed for each object.  Consequently, while assurance 

of the sound quality and reduction of the processing 

apparatus are balanced well for each object, sound can be 

reproduced with sufficient sound quality by a small 

processing amount on the whole. 

[0394] 

<Example of configuration of audio processing apparatus> 

Now, an audio processing apparatus that performs a 

rendering process while suitably performing a 

quantization process, a mesh number switching process and 
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so forth described above is described.  FIG. 17 is a view 

depicting an example of a particular configuration of 

such an audio processing apparatus as just described.  It 

is to be noted that, in FIG. 17, portions corresponding 

to those in the case of FIG. 6 are denoted by like 

reference symbols and description of them is omitted 

suitably. 

[0395] 

The audio processing apparatus 61 depicted in FIG. 17 

includes an acquisition unit 21, a gain calculation unit 

23 and a gain adjustment unit 71.  The gain calculation 

unit 23 receives metadata and audio signals of objects 

supplied from the acquisition unit 21, calculates a VBAP 

gain for each of the speakers 12 for each object and 

supplies the calculated VBAP gains to the gain adjustment 

unit 71. 

[0396] 

Further, the gain calculation unit 23 includes a 

quantization unit 31 that performs quantization of the 

VBAP gains. 

[0397] 

The gain adjustment unit 71 multiplies an audio signal 

supplied from the acquisition unit 21 by the VBAP gains 

for the individual speakers 12 supplied from the gain 

calculation unit 23 for each object to generate audio 
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signals for the individual speakers 12 and supplies the 

audio signals to the speakers 12. 

[0398] 

<Explanation of reproduction process> 

Subsequently, operation of the audio processing apparatus 

61 depicted in FIG. 17 is described.  In particular, a 

reproduction process by the audio processing apparatus 61 

is described with reference to a flow chart of FIG. 18. 

[0399] 

It is to be noted that it is assumed that, in the present 

example, an audio signal and metadata of one object or 

each of a plurality of objects are supplied for each 

frame to the acquisition unit 21 and a reproduction 

process is performed for each frame of an audio signal of 

each object. 

[0400] 

At step S231, the acquisition unit 21 acquires an audio 

signal and metadata of an object from the outside and 

supplies the audio signal to the gain calculation unit 23 

and the gain adjustment unit 71 while it supplies the 

metadata to the gain calculation unit 23.  Further, the 

acquisition unit 21 acquires also information of the 

number of objects with regard to which sound is to be 

reproduced simultaneously in a frame that is a processing 

target, namely, of the object number and supplies the 
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information to the gain calculation unit 23. 

[0401] 

At step S232, the gain calculation unit 23 decides 

whether or not the object number is equal to or greater 

than 10 on the basis of the information representative of 

an object number supplied from the acquisition unit 21. 

[0402] 

If it is decided at step S232 that the object number is 

equal to or greater than 10, then the gain calculation 

unit 23 sets the total number of meshes to be used upon 

VBAP gain calculation to 10 at step S233.  In other words, 

the gain calculation unit 23 selects 10 as the total 

number of meshes. 

[0403] 

Further, the gain calculation unit 23 selects a 

predetermined number of speakers 12 from among all of the 

speakers 12 in response to the selected total number of 

meshes such that the number of meshes equal to the total 

number are formed on the unit spherical surface.  Then, 

the gain calculation unit 23 determines 10 meshes on the 

unit spherical surface formed from the selected speakers 

12 as meshes to be used upon VBAP gain calculation. 

[0404] 

At step S234, the gain calculation unit 23 calculates a 

VBAP gain for each speaker 12 by the VBAP on the basis of 
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location information indicative of locations of the 

speakers 12 configuring the 10 meshes determined at step 

S233 and position information included in the metadata 

supplied from the acquisition unit 21 and indicative of 

the positions of the objects. 

[0405] 

In particular, the gain calculation unit 23 successively 

performs calculation of the expression (8) using the 

meshes determined at step S233 in order as a mesh of a 

processing target to calculate the VBAP gain of the 

speakers 12.  At this time, a new mesh is successively 

determined as a mesh of the processing target until the 

VBAP gains calculated in regard to three speakers 12 

configuring the mesh of the processing target all 

indicate values equal to or greater than 0 to 

successively calculate VBAP gains. 

[0406] 

At step S235, the quantization unit 31 binarizes the VBAP 

gains of the speakers 12 obtained at step S234, 

whereafter the processing advances to step S246. 

[0407] 

If it is decided at step S232 that the object number is 

smaller than 10, then the processing advances to step 

S236. 

[0408] 
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At step S236, the gain calculation unit 23 decides 

whether or not the value of the importance information of 

the objects included in the metadata supplied from the 

acquisition unit 21 is the highest value.  For example, if 

the value of the importance information is the value “7” 

indicating that the importance degree is highest, then it 

is decided that the importance information indicates the 

highest value. 

[0409] 

If it is decided at step S236 that the importance 

information indicates the highest value, then the 

processing advances to step S237. 

[0410] 

At step S237, the gain calculation unit 23 calculates a 

VBAP gain for each speaker 12 on the basis of the 

location information indicative of the locations of the 

speakers 12 and the position information included in the 

metadata supplied from the acquisition unit 21, 

whereafter the processing advances to step S246.  Here, 

the meshes formed from all speakers 12 are successively 

determined as a mesh of a processing target, and a VBAP 

gain is calculated by calculation of the expression (8). 

[0411] 

On the other hand, if it is decided at step S236 that the 

importance information does not indicate the highest 
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value, then at step S238, the gain calculation unit 23 

calculates the sound pressure RMS of the audio signal 

supplied from the acquisition unit 21.  In particular, 

calculation of the expression (10) given hereinabove is 

performed for a frame of the audio signal that is a 

processing target to calculate the sound pressure RMS. 

[0412] 

At step S239, the gain calculation unit 23 decides 

whether or not the sound pressure RMS calculated at step 

S238 is equal to or higher than -30 dB. 

[0413] 

If it is decided at step S239 that the sound pressure RMS 

is equal to or higher than -30 dB, then processes at 

steps S240 and S241 are performed.  It is to be noted that 

the processes at steps S240 and S241 are similar to those 

at steps S233 and S234, respectively, and therefore, 

description of them is omitted. 

[0414] 

At step S242, the quantization unit 31 ternarizes the 

VBAP gain for each speaker 12 obtained at step S241, 

whereafter the processing advances to step S246. 

[0415] 

On the other hand, if it is decided at step S239 that the 

sound pressure RMS is lower than -30 dB, then the 

processing advances to step S243. 
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[0416] 

At step S243, the gain calculation unit 23 sets the total 

number of meshes to be used upon VBAP gain calculation to 

5. 

[0417] 

Further, the gain calculation unit 23 selects a 

predetermined number of speakers 12 from among all 

speakers 12 in response to the selected total number “5” 

of meshes and determines five meshes on a unit spherical 

surface formed from the selected speakers 12 as meshes to 

be used upon VBAP gain calculation. 

[0418] 

After the meshes to be used upon VBAP gain calculation 

are determined, processes at steps S244 and S245 are 

performed, and then the processing advances to step S246.  

It is to be noted that the processes at steps S244 and 

S245 are similar to the processes at steps S234 and S235, 

and therefore, description of them is omitted. 

[0419] 

After the process at step S235, S237, S242 or S245 is 

performed and VBAP gains for the speakers 12 are obtained, 

processes at steps S246 to S248 are performed, thereby 

ending the reproduction process. 

[0420] 

It is to be noted that, since the processes at steps S246 
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to S248 are similar to the processes at steps S17 to S19 

described hereinabove with reference to FIG. 7, 

respectively, description of them is omitted. 

[0421] 

However, more particularly, the reproduction process is 

performed substantially simultaneously in regard to the 

individual objects, and at step S248, audio signals for 

the speakers 12 obtained for the individual objects are 

supplied to the speakers 12.  In particular, the speakers 

12 reproduce sound on the basis of signals obtained by 

adding the audio signals of the objects.  As a result, 

sound of all objects is outputted simultaneously. 

[0422] 

The audio processing apparatus 61 selectively performs a 

quantization process and a mesh number switching process 

suitably for each object.  By this, the processing amount 

of the rendering process can be reduced while 

deterioration of the presence or the sound quality is 

suppressed. 

[0423] 

<Modification 1 to Second Embodiment> 

<Example of configuration of audio processing apparatus> 

Further, while, in the description of the second 

embodiment, an example in which, when a process for 

extending a sound image is not performed, a quantization 
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process or a mesh number switching process is selectively 

performed is described, also when a process for extending 

a sound image is performed, a quantization process or a 

mesh number switching process may be performed 

selectively. 

[0424] 

In such a case, the audio processing apparatus 11 is 

configured, for example, in such a manner as depicted in 

FIG. 19.  It is to be noted that, in FIG. 19, portions 

corresponding to those in the case of FIG. 6 or 17 are 

denoted by like reference symbols and description of them 

is omitted suitably. 

[0425] 

The audio processing apparatus 11 depicted in FIG. 19 

includes an acquisition unit 21, a vector calculation 

unit 22, a gain calculation unit 23 and a gain adjustment 

unit 71. 

[0426] 

The acquisition unit 21 acquires an audio signal and 

metadata of an object regarding one or a plurality of 

objects, and supplies the acquired audio signal to the 

gain calculation unit 23 and the gain adjustment unit 71 

and supplies the acquired metadata to the vector 

calculation unit 22 and the gain calculation unit 23.  

Further, the gain calculation unit 23 includes a 
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quantization unit 31. 

[0427] 

<Explanation of reproduction process> 

Now, a reproduction process performed by the audio 

processing apparatus 11 depicted in FIG. 19 is described 

with reference to a flow chart of FIG. 20. 

[0428] 

It is to be noted that it is assumed in the present 

example that, in regard to one or a plurality of objects, 

an audio signal of an object and metadata are supplied 

for each frame to the acquisition unit 21 and the 

reproduction process is performed for each frame of the 

audio signal for each object. 

[0429] 

Further, since processes at steps S271 and S272 are 

similar to the processes at steps S11 and S12 of FIG. 7, 

respectively, description of them is omitted.  However, at 

step S271, the audio signals acquired by the acquisition 

unit 21 are supplied to the gain calculation unit 23 and 

the gain adjustment unit 71, and the metadata acquired by 

the acquisition unit 21 are supplied to the vector 

calculation unit 22 and the gain calculation unit 23. 

[0430] 

When the processes at steps S271 and S272 are performed, 

spread vectors or spread vectors and a vector p are 
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obtained. 

[0431] 

At step S273, the gain calculation unit 23 performs a 

VBAP gain calculation process to calculate a VBAP gain 

for each speaker 12.  It is to be noted that, although 

details of the VBAP gain calculation process are 

hereinafter described, in the VBAP gain calculation 

process, a quantization process or a mesh number 

switching process is selectively performed to calculate a 

VBAP gain for each speaker 12. 

[0432] 

After the process at step S273 is performed and the VBAP 

gains for the speakers 12 are obtained, processes at 

steps S274 to S276 are performed and the reproduction 

process ends.  However, since those processes are similar 

to the processes at steps S17 to S19 of FIG. 7, 

respectively, description of them is omitted.  However, 

more particularly, a reproduction process is performed 

substantially simultaneously in regard to the objects, 

and at step S276, audio signals for the speaker 12 

obtained for the individual objects are supplied to the 

speakers 12.  Therefore, sound of all objects is outputted 

simultaneously from the speakers 12. 

[0433] 

The audio processing apparatus 11 selectively performs a 
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quantization process or a mesh number switching process 

suitably for each object in such a manner as described 

above.  By this, also where a process for extending a 

sound image is performed, the processing amount of a 

rendering process can be reduced while deterioration of 

the presence or the sound quality is suppressed. 

[0434] 

<Explanation of VBAP gain calculation process> 

Now, a VBAP gain calculation process corresponding to the 

process at step S273 of FIG. 20 is described with 

reference to a flow chart of FIG. 21. 

[0435] 

It is to be noted that, since processes at steps S301 to 

S303 are similar to the processes at steps S232 to S234 

of FIG. 18, respectively, description of them is omitted.  

However, at step S303, a VBAP gain is calculated for each 

speaker 12 in regard to each of the vectors of the spread 

vectors or the spread vectors and vector p. 

[0436] 

At step S304, the gain calculation unit 23 adds the VBAP 

gains calculated in regard to the vectors for each 

speaker 12 to calculate a VBAP gain addition value.  At 

step S304, a process similar to that at step S14 of FIG. 

7 is performed. 

[0437] 
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At step S305, the quantization unit 31 binarizes the VBAP 

gain addition value obtained for each speaker 12 by the 

process at step S304 and then the calculation process 

ends, whereafter the processing advances to step S274 of 

FIG. 20. 

[0438] 

On the other hand, if it is decided at step S301 that the 

object number is smaller than 10, processes at steps S306 

and S307 are performed. 

[0439] 

It is to be noted that, since the processes at step S306 

and S307 are similar to the processes at step S236 and 

step S237 of FIG. 18, respectively, description of them 

is omitted.  However, at step S307, a VBAP gain is 

calculated for each speaker 12 in regard to each of the 

vectors of the spread vectors or the spread vectors and 

vector p. 

[0440] 

Further, after the process at step S307 is performed, a 

process at step 308 is performed and the VBAP gain 

calculation process ends, whereafter the processing 

advances to step S274 of FIG. 20.  However, since the 

process at step S308 is similar to the process at step 

S304, description of it is omitted. 

[0441] 
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Further, if it is decided at step S306 that the 

importance information does not indicate the highest 

value, then processes at steps S309 to S312 are performed.  

However, since the processes are similar to the processes 

at steps S238 to S241 of FIG. 18, description of them is 

omitted.  However, at step S312, a VBAP gain is calculated 

for each speaker 12 in regard to each of the vectors of 

spread vectors or spread vectors and vector p. 

[0442] 

After the VBAP gains for the speakers 12 are obtained in 

regard to the vectors, a process at step S313 is 

performed to calculate a VBAP gain addition value.  

However, since the process at step S313 is similar to the 

process at step S304, description of it is omitted. 

[0443] 

At step S314, the quantization unit 31 ternarizes the 

VBAP gain addition value obtained for each speaker 12 by 

the process at step S313 and the VBAP gain calculation 

ends, whereafter the processing advances to step S274 of 

FIG. 20. 

[0444] 

Further, if it is decided at step S310 that the sound 

pressure RMS is lower than -30 dB, then a process at step 

S315 is performed and the total number of meshes to be 

used upon VBAP gain calculation is set to 5.  It is to be 
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noted that the process at step S315 is similar to the 

process at step S243 of FIG. 18, and therefore, 

description of it is omitted. 

[0445] 

After meshes to be used upon VBAP gain calculation are 

determined, processes at steps S316 to S318 are performed 

and the VBAP gain calculation process ends, whereafter 

the processing advances to step S274 of FIG. 20.  It is to 

be noted that the processes at steps S316 to S318 are 

similar to the processes at steps S303 to S305, and 

therefore, description of them is omitted. 

[0446] 

The audio processing apparatus 11 selectively performs a 

quantization process or a mesh number switching process 

suitably for each object in such a manner as described 

above.  By this, also where a process for extending a 

sound image is performed, the processing amount of a 

rendering process can be reduced while deterioration of 

the presence or the sound quality is suppressed. 

[0447] 

Incidentally, while the series of processes described 

above can be executed by hardware, it may otherwise be 

executed by software.  Where the series of processes is 

executed by software, a program that constructs the 

software is installed into a computer.  Here, the computer 
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includes a computer incorporated in hardware for 

exclusive use, for example, a personal computer for 

universal use that can execute various functions by 

installing various programs, and so forth. 

[0448] 

FIG. 22 is a block diagram depicting an example of a 

configuration of hardware of a computer that executes the 

series of processes described hereinabove in accordance 

with a program. 

[0449] 

In the computer, a CPU (Central Processing Unit) 501, a 

ROM (Read Only Memory) 502 and a RAM (Random Access 

Memory) 503 are connected to each other by a bus 504. 

[0450] 

To the bus 504, an input/output interface 505 is 

connected further.  To the input/output interface 505, an 

inputting unit 506, an outputting unit 507, a recording 

unit 508, a communication unit 509 and a drive 510 are 

connected. 

[0451] 

The inputting unit 506 is configured from a keyboard, a 

mouse, a microphone, an image pickup element and so forth.  

The outputting unit 507 is configured from a display unit, 

a speaker and so forth.  The recording unit 508 is 

configured from a hard disk, a nonvolatile memory and so 
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forth.  The communication unit 509 is configured from a 

network interface and so forth.  The drive 510 drives a 

removable recording medium 511 such as a magnetic disk, 

an optical disk, a magneto-optical disk or a 

semiconductor memory. 

[0452] 

In the computer configured in such a manner as described 

above, the CPU 501 loads a program recorded, for example, 

in the recording unit 508 into the RAM 503 through the 

input/output interface 505 and the bus 504 and executes 

the program to perform the series of processes described 

hereinabove. 

[0453] 

The program executed by the computer (CPU 501) can be 

recorded on and provided as the removable recording 

medium 511, for example, as a package medium or the like.  

Further, the program can be provided through a wired or 

wireless transmission medium such as a local area network, 

the Internet or a digital satellite broadcast. 

[0454] 

In the computer, the program can be installed into the 

recording unit 508 through the input/output interface 505 

by loading the removable recording medium 511 into the 

drive 510.  Alternatively, the program can be received by 

the communication unit 509 through a wired or wireless 
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transmission medium and installed into the recording unit 

508.  Alternatively, the program may be installed in 

advance into the ROM 502 or the recording unit 508. 

[0455] 

It is to be noted that the program executed by the 

computer may be a program by which processes are 

performed in a time series in accordance with an order 

described in the present specification or a program in 

which processes are performed in parallel or are 

performed at a timing at which the program is called or 

the like. 

[0456] 

Further, embodiments of the present technology is not 

limited to the embodiments described hereinabove and can 

be altered in various manners without departing from the 

subject matter of the present technology. 

[0457] 

For example, the present technology can assume a 

configuration for cloud computing by which one function 

is shared and processed cooperatively by a plurality of 

apparatuses through a network. 

[0458] 

Further, the steps described with reference to the flow 

charts described hereinabove can be executed by a single 

apparatus or can be executed in sharing by a plurality of 
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apparatuses. 

[0459] 

Further, where one step includes a plurality of processes, 

the plurality of processes included in the one step can 

be executed by a single apparatus or can be executed in 

sharing by a plurality of apparatuses. 

[0460] 

Also it is possible for the present technology to take 

the following configurations. 

[0461] 

(1) 

An audio processing apparatus including: 

an acquisition unit configured to acquire metadata 

including position information indicative of a position 

of an audio object and sound image information configured 

from a vector of at least two or more dimensions and 

representative of an extent of a sound image from the 

position; 

a vector calculation unit configured to calculate, based 

on a horizontal direction angle and a vertical direction 

angle of a region representative of the extent of the 

sound image determined by the sound image information, a 

spread vector indicative of a position in the region; and 

a gain calculation unit configured to calculate, based on 

the spread vector, a gain of each of audio signals 
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supplied to two or more sound outputting units positioned 

in the proximity of the position indicated by the 

position information. 

(2) 

The audio processing apparatus according to (1), in which 

the vector calculation unit calculates the spread vector 

based on a ratio between the horizontal direction angle 

and the vertical direction angle. 

(3) 

The audio processing apparatus according to (1) or (2), 

in which 

the vector calculation unit calculates the number of 

spread vectors determined in advance. 

(4) 

The audio processing apparatus according to (1) or (2), 

in which 

the vector calculation unit calculates a variable 

arbitrary number of spread vectors. 

(5) 

The audio processing apparatus according to (1), in which 

the sound image information is a vector indicative of a 

center position of the region. 

(6) 

The audio processing apparatus according to (1), in which 

the sound image information is a vector of two or more 
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dimensions indicative of an extent degree of the sound 

image from the center of the region. 

(7) 

The audio processing apparatus according to (1), in which 

the sound image information is a vector indicative of a 

relative position of a center position of the region as 

viewed from a position indicated by the position 

information. 

(8) 

The audio processing apparatus according to any one of 

(1) to (7), in which 

the gain calculation unit 

calculates the gain for each spread vector in regard to 

each of the sound outputting units, 

calculates an addition value of the gains calculated in 

regard to the spread vectors for each of the sound 

outputting units, 

quantizes the addition value into a gain of two or more 

values for each of the sound outputting units, and 

calculates a final gain for each of the sound outputting 

units based on the quantized addition value. 

(9) 

The audio processing apparatus according to (8), in which 

the gain calculation unit selects the number of meshes 

each of which is a region surrounded by three ones of the 
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sound outputting units and which number is to be used for 

calculation of the gain and calculates the gain for each 

of the spread vectors based on a result of the selection 

of the number of meshes and the spread vector. 

(10) 

The audio processing apparatus according to (9), in which 

the gain calculation unit selects the number of meshes to 

be used for calculation of the gain, whether or not the 

quantization is to be performed and a quantization number 

of the addition value upon the quantization and 

calculates the final gain in response to a result of the 

selection. 

(11) 

The audio processing apparatus according to (10), in 

which 

the gain calculation unit selects, based on the number of 

the audio objects, the number of meshes to be used for 

calculation of the gain, whether or not the quantization 

is to be performed and the quantization number. 

(12) 

The audio processing apparatus according to (10) or (11), 

in which 

the gain calculation unit selects, based on an importance 

degree of the audio object, the number of meshes to be 

used for calculation of the gain, whether or not the 
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quantization is to be performed and the quantization 

number. 

(13) 

The audio processing apparatus according to (12), in 

which 

the gain calculation unit selects the number of meshes to 

be used for calculation of the gain such that the number 

of meshes to be used for calculation of the gain 

increases as the position of the audio object is 

positioned nearer to the audio object that is high in the 

importance degree. 

(14) 

The audio processing apparatus according to any one of 

(10) to (13), in which 

the gain calculation unit selects, based on a sound 

pressure of the audio signal of the audio object, the 

number of meshes to be used for calculation of the gain, 

whether or not the quantization is to be performed and 

the quantization number. 

(15) 

The audio processing apparatus according to any one of 

(9) to (14), in which 

the gain calculation unit selects, in response to a 

result of the selection of the number of meshes, three or 

more ones of the plurality of sound outputting units 
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including the sound outputting units that are positioned 

at different heights from each other, and calculates the 

gain based on one or a plurality of meshes formed from 

the selected sound outputting units. 

(16) 

An audio processing method including the steps of: 

acquiring metadata including position information 

indicative of a position of an audio object and sound 

image information configured from a vector of at least 

two or more dimensions and representative of an extent of 

a sound image from the position; 

calculating, based on a horizontal direction angle and a 

vertical direction angle of a region representative of 

the extent of the sound image determined by the sound 

image information, a spread vector indicative of a 

position in the region; and 

calculating, based on the spread vector, a gain of each 

of audio signals supplied to two or more sound outputting 

units positioned in the proximity of the position 

indicated by the position information. 

(17) 

A program that causes a computer to execute a process 

including the steps of: 

acquiring metadata including position information 

indicative of a position of an audio object and sound 
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image information configured from a vector of at least 

two or more dimensions and representative of an extent of 

a sound image from the position; 

calculating, based on a horizontal direction angle and a 

vertical direction angle of a region representative of 

the extent of the sound image determined by the sound 

image information, a spread vector indicative of a 

position in the region; and 

calculating, based on the spread vector, a gain of each 

of audio signals supplied to two or more sound outputting 

units positioned in the proximity of the position 

indicated by the position information. 

(18) 

An audio processing apparatus including: 

an acquisition unit configured to acquire metadata 

including position information indicative of a position 

of an audio object; and 

a gain calculation unit configured to select the number 

of meshes each of which is a region surrounded by three 

sound outputting units and which number is to be used for 

calculation of a gain for an audio signal to be supplied 

to the sound outputting units and calculate the gain 

based on a result of the selection of the number of 

meshes and the position information. 

[Reference Signs List] 
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[0462] 

11 Audio processing apparatus, 21 Acquisition unit, 22 

Vector calculation unit, 23 Gain calculation unit, 24 

Gain adjustment unit, 31 Quantization unit, 61 Audio 

processing apparatus, 71 Gain adjustment unit 
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Claims: 

 

1. An audio processing apparatus comprising:  

an acquisition unit configured to acquire metadata 

including position information indicative of a position of an 

audio object and sound image information configured from a 

vector of three dimensions and representative of an extent of 

a sound image from the position; 

a vector calculation unit configured to:  

determine a three-dimensional vector representative of 

the position of the audio object, wherein a start point of the 

three-dimensional vector is the origin in a three-dimensional 

coordinate system whose origin is given by a position of a user; 

and 

calculate, based on the three-dimensional vector and a 

ratio between a horizontal direction angle and a vertical 

direction angle of a region representative of the extent of the 

sound image determined by the sound image information, at least 

one spread vector indicative of a position in the region, 

wherein the number of spread vectors is determined in advance; 

and 

a gain calculation unit configured to calculate, based 

on the at least one spread vector, a gain of each of audio signals 

supplied to two or more sound outputting units positioned in 

the proximity of the position indicated by the position 

information. 

 

2. An audio processing method comprising:  

acquiring metadata including position information 

indicative of a position of an audio object and sound image 

information configured from a vector of three dimensions and 

representative of an extent of a sound image from the position; 

determining a three-dimensional vector representative of 

the position of the audio object, wherein a start point of the 

three-dimensional vector is the origin in a three-dimensional 

coordinate system whose origin is given by a position of a user; 

and 
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calculating, based on the three-dimensional vector and 

a ratio between a horizontal direction angle and a vertical 

direction angle of a region representative of the extent of the 

sound image determined by the sound image information, at least 

one spread vector indicative of a position in the region, 

wherein the number of spread vectors is determined in advance; 

and 

calculating, based on the at least one spread vector, a 

gain of each of audio signals supplied to two or more sound 

outputting units positioned in the proximity of the position 

indicated by the position information. 

 

3. A non-transitory computer readable storage medium having 

stored thereon computer readable instructions, which when 

executed by a computer, cause the computer to execute operations, 

the operations comprising:  

acquiring metadata including position information 

indicative of a position of an audio object and sound image 

information configured from a vector of three dimensions and 

representative of an extent of a sound image from the position; 

determining a three-dimensional vector representative of 

the position of the audio object, wherein a start point of the 

three-dimensional vector is the origin in a three-dimensional 

coordinate system whose origin is given by a position of a user; 

and 

calculating, based on the three-dimensional vector and 

a ratio between a horizontal direction angle and a vertical 

direction angle of a region representative of the extent of the 

sound image determined by the sound image information, at least 

one spread vector indicative of a position in the region, 

wherein the number of spread vectors is determined in advance; 

and 

calculating, based on the at least one spread vector, a 

gain of each of audio signals supplied to two or more sound 

outputting units positioned in the proximity of the position 

indicated by the position information. 

 


	1-2
	3-9
	10-139
	140-141

