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[DESCRIPTION] 

[Title] 

        INFORMATION PROCESSING APPARATUS, METHOD, AND 

PROGRAM 

[Technical Field] 

[0001] 

        The present technology relates to an information 

processing apparatus, a method, and a program, and in 

particular, to an information processing apparatus, a 

method, and a program that can create a great sense of 

realism with a small number of computations. 

[Background Art] 

[0002] 

        As of now, an object audio technology has been 

applied to movies, games, and so on, and coding schemes 

that allow handling of object audio have been developed.  

Specifically, for example, MPEG (Moving Picture Experts 

Group)-H Part 3:3D audio standard as an international 

standard is known (refer, for example, to NPL 1). 

[0003] 

        Such a coding scheme treats moving sound sources 

and so on as independent audio objects with a 

conventional two-channel stereo scheme or a multi-channel 

stereo scheme such as 5.1 channels, allowing for coding 

of object position information as metadata together with 
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audio object signal data. 

[0004] 

        This allows for reproduction in a variety of 

viewing environments with a different number and 

different layouts of speakers.  Also, it is easy to tailor 

a sound of a specific sound source that is difficult for 

a conventional coding scheme to tailor during 

reproduction, for example, by adjusting a sound volume 

and adding effects to the sound of the specific sound 

source. 

[0005] 

        For example, the standard described in NPL 1 

employs a scheme called three-dimensional VBAP (Vector 

Based Amplitude Panning) (hereinafter simply referred to 

as VBAP) for a rendering process. 

[0006] 

        This is a rendering technique commonly called 

panning that carries out rendering by distributing gains, 

of speakers existing on a spherical surface having a user 

position as its origin, to three speakers closest to 

audio objects similarly existing on the spherical surface. 

[0007] 

        In addition to VBAP, for example, there is known a 

rendering process that is carried out by a panning 

technique called Speaker-anchored coordinates panner that 
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distributes gains to x, y, and z axes, respectively (for 

example, see NPL 2). 

[Citation List] 

[Non Patent Literature] 

[0008] 

[NPL 1] 

        INTERNATIONAL STANDARD ISO/IEC 23008-3 First 

edition 2015-10-15 Information technology – High 

efficiency coding and media delivery in heterogeneous 

environments – Part 3: 3D audio 

[NPL 2] 

        ETSI TS 103 448 v1.1.1(2016-09) 

[Summary] 

[Technical Problems] 

[0009] 

        Incidentally, the above rendering scheme renders 

object signals of a plurality of audio objects for each 

audio object without taking account of changes in 

acoustics attributable to a relative positional 

relationship between audio objects.  Therefore, a great 

sense of realism could not be obtained during sound 

reproduction. 

[0010] 

        It is assumed, for example, that a sound is 

produced from a second audio object behind a certain 
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first audio object as seen from a viewer’s position.  In 

such a case, attenuation effects that occur as a result 

of reflection, diffraction, and absorption of a sound 

produced by the first audio object are completely ignored 

for the sound of the second audio object. 

[0011] 

        It should be noted that the user position is fixed 

in the above rendering scheme.  Therefore, it is possible 

to adjust object signal levels in advance, for example, 

on the basis of the relationship between the user 

position and the positions of the plurality of audio 

objects. 

[0012] 

        Such a level adjustment allows for representation 

of acoustic changes attributable to the relative 

positional relationship between the audio objects.  For 

example, therefore, a great sense of realism can be 

created by calculating attenuation effects produced by 

sound reflection, diffraction, and absorption in audio 

objects on the basis of physics laws and adjusting the 

levels of the object signals of the audio objects on the 

basis of the calculation results, in advance. 

[0013] 

        However, in the case where there are many audio 

objects, calculation of attenuation effects produced by 
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such sound reflection, diffraction, and absorption on the 

basis of physics laws involves a large number of 

computations, making such an option unrealistic. 

[0014] 

        Moreover, although a fixed viewpoint with a fixed 

user position allows for generation of an object signal 

that takes sound reflection, diffraction, and other 

factors into consideration by adjusting the level in 

advance, such a prior level adjustment is completely 

meaningless in a free viewpoint with a movable user 

position. 

[0015] 

        The present technology has been devised in light of 

the foregoing, and it is an object of the present 

technology to create a great sense of realism with a 

small number of computations. 

[Solution to Problems] 

[0016] 

        An information processing apparatus of an aspect of 

the present technology includes a gain determination 

section that determines an attenuation level on the basis 

of a positional relationship between a given object and 

another object and determines a gain of a signal of the 

given object on the basis of the attenuation level. 

[0017] 
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        An information processing method or a program of an 

aspect of the present technology includes a step of 

determining an attenuation level on the basis of a 

positional relationship between a given object and 

another object and determining a gain of a signal of the 

given object on the basis of the attenuation level. 

[0018] 

        In an aspect of the present technology, an 

attenuation level is determined on the basis of a 

positional relationship between a given object and 

another object, and a gain of a signal of the given 

object is determined on the basis of the attenuation 

level. 

[Advantageous Effect of Invention] 

[0019] 

        According to the aspect of the present technology, 

a great sense of realism can be obtained with a small 

number of computations. 

[0020] 

        It should be noted that the effect described herein 

is not necessarily limited and may be any one of the 

effects described in the present disclosure. 

[Brief Description of Drawings] 

[0021] 

[Fig. 1] 
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        Fig. 1 is a diagram describing VBAP. 

[Fig. 2] 

        Fig. 2 is a diagram illustrating a configuration 

example of a signal processing apparatus. 

[Fig. 3] 

        Fig. 3 is a diagram describing coordinate 

transformation. 

[Fig. 4] 

        Fig. 4 is a diagram describing coordinate 

transformation 

[Fig. 5] 

        Fig. 5 is a diagram describing a coordinate system. 

[Fig. 6] 

        Fig. 6 is a diagram describing an attenuation 

distance and a radius ratio. 

[Fig. 7] 

        Fig. 7 is a diagram describing metadata. 

[Fig. 8] 

        Fig. 8 is a diagram describing an attenuation table. 

[Fig. 9] 

        Fig. 9 is a diagram describing a correction table. 

[Fig. 10] 

        Fig. 10 is a flowchart describing an audio output 

process. 

[Fig. 11] 
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        Fig. 11 is a diagram illustrating a configuration 

example of a computer. 

[Description of Embodiments] 

[0022] 

        A description will be given below of embodiments to 

which the present technology is applied with reference to 

drawings. 

[0023] 

<First embodiment> 

<Present technology> 

        The present technology creates a sufficiently great 

sense of realism with a small number of computations in 

the case of audio object rendering by determining audio 

object gain information on the basis of a positional 

relationship between a plurality of audio objects in a 

space. 

[0024] 

        It should be noted that the present technology is 

applicable not only to rendering of audio objects but 

also to the case where, for a plurality of objects 

existing in a space, parameters related to the objects 

are adjusted according to the positional relationship 

between the objects.  The present technology is also 

applicable, for example, to the case where the amount of 

adjustment for parameters such as luminance (amount of 
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light) related to an object image signal is determined 

according to the positional relationship between the 

objects. 

[0025] 

        The description will continue below by taking, as a 

specific example, the case of rendering audio objects.  

Incidentally, audio objects will be also simply referred 

to as objects below. 

[0026] 

        For example, a given type of rendering process such 

as VBAP described above is performed.  VBAP distributes, 

of speakers existing on a spherical surface having a user 

position as its origin in a space, gains to three 

speakers closest to audio objects similarly existing on 

the spherical surface. 

[0027] 

        For example, a user U11 as a listener is present in 

a three-dimensional space, and three speakers SP1 to SP3 

are provided in front of the user U11, as illustrated in 

Fig. 1. 

[0028] 

        Also, it is assumed that a head position of the 

user U11 is an origin O and that the speakers SP1 to SP3 

are located on the surface of a sphere having its center 

at the origin O. 
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[0029] 

        It is assumed that an object is present inside a 

region TR11 surrounded by the speakers SP1 to SP3 on the 

spherical surface and that a sound image is localized at 

a position VSP1 of the object. 

[0030] 

        In such a case, VBAP distributes gains to the 

speakers SP1 to SP3 around the position VSP1 for the 

object. 

[0031] 

        Specifically, it is assumed that, in the three-

dimensional coordinate system having its reference 

(origin) at the origin O, the position VSP1 is 

represented by a three-dimensional vector P having its 

start point at the origin O and its end point at the 

position VSP1. 

[0032] 

        Also, letting three-dimensional vectors having 

their start points at the origin O and their end points 

at the respective positions of the speakers SP1 to SP3 be 

denoted as vectors L1 to L3, the vector P can be expressed 

by a linear sum of the vectors L1 to L3 as illustrated by 

the following formula (1). 

[0033] 

[Math. 1] 
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 ··· (1) 

[0034] 

        Here, the sound image can be localized at the 

position VSP1 by calculating coefficients g1 to g3 by 

which the vectors L1 to L3 are multiplied in formula (1) 

and treating the coefficients g1 to g3 as gains of the 

sounds output from the respective speakers SP1 to SP3. 

[0035] 

        For example, letting a vector having the 

coefficients g1 to g3 as its elements be denoted as 

g123=[g1,g2,g3] and a vector having the vectors L1 to L3 as 

its elements be denoted as L123=[L1,L2,L3], the following 

formula (2) can be obtained by modifying the formula (1) 

described above. 

[0036] 

[Math. 2] 

 ··· (2) 

[0037] 

        The sound image can be localized at the position 

VSP1 by using the coefficients g1 to g3 calculated by 

using formula (2) as gains and outputting object signals, 

that is, signals of the sound of the object, to the 

respective speakers SP1 to SP3. 

[0038] 
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        It should be noted that the respective speakers SP1 

to SP3 are provided at fixed positions and that 

information representing the speaker positions is known.  

Therefore, L123-1 as an inverse matrix can be obtained in 

advance.  For such a reason, VBAP can carry out rendering 

with relatively easy calculations, that is, with a small 

number of computations. 

[0039] 

        However, in the case where a plurality of objects 

exists in a space during rendering by VBAP or the like as 

described above, changes in acoustics attributable to a 

relative positional relationship between the objects are 

not taken into account at all.  Therefore, a great sense 

of realism could not be obtained during sound 

reproduction. 

[0040] 

        Also, although adjusting an object signal level in 

advance is a possible option, calculation of attenuation 

effects for such a level adjustment on the basis of 

physics laws involves a large number of computations, 

making such an option unrealistic.  Further, the user 

position changes in a free viewpoint.  As a result, such a 

prior level adjustment is completely meaningless. 

[0041] 

        For such a reason, the present technology adjusts 
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the object signal level on the sound generation side by 

using information regarding object attenuation, thus 

creating a great sense of realism with a small number of 

computations. 

[0042] 

        In particular, the present technology determines 

gain information for adjusting the object signal level on 

the basis of a relative positional relationship between 

audio objects, thus delivering attenuation effects 

produced by reflection, diffraction, and absorption of a 

sound, i.e., changes in acoustics, even with a small 

number of computations.  This makes it possible to create 

a great sense of realism. 

[0043] 

<Configuration example of the signal processing 

apparatus> 

        A description will be given next of a configuration 

example of a signal processing apparatus to which the 

present technology is applied. 

[0044] 

        Fig. 2 is a diagram illustrating the configuration 

example of an embodiment of the signal processing 

apparatus to which the present technology is applied. 

[0045] 

        A signal processing apparatus 11 illustrated in Fig. 
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2 includes a decoding process section 21, a coordinate 

transformation process section 22, an object attenuation 

process section 23, and a rendering process section 24. 

[0046] 

        The decoding process section 21 receives a 

transmitted input bit stream, decodes the stream, and 

outputs metadata regarding an object and an object signal 

that are obtained as a result of decoding. 

[0047] 

        Here, the object signal is an audio signal for 

reproducing a sound of the object.  Also, the metadata 

includes, for each object, object position information, 

object outer diameter information, object attenuation 

information, object attenuation disabling information, 

and object gain information. 

[0048] 

        The object position information is information 

indicating an absolute position of an object in a space 

where the object is present (hereinafter also referred to 

as a listening space). 

[0049] 

        For example, the object position information is 

coordinate information indicating an object position 

represented by coordinates of a three-dimensional 

Cartesian coordinate system having a given position as 
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its origin, that is, x, y, and z coordinates of an xyz 

coordinate system. 

[0050] 

        The object outer diameter information is 

information indicating the outer diameter of an object.  

For example, it is assumed here that the object is 

spherical and that the radius of the sphere is the object 

outer diameter information representing the outer 

diameter of the object. 

[0051] 

        It should be noted that, although the description 

will be given below assuming that the object is spherical, 

the object may be in any shape.  For example, the object 

may be in the shape having a diameter in each of 

directions along the x, y, and z axes, and information 

indicating the radius of the object in each direction 

along a corresponding axis may be used as the object 

outer diameter information. 

[0052] 

        Also, outer diameter information for spread may be 

used as the object outer diameter information.  For 

example, a technology called spread is employed as a 

technology for expanding the size of a sound source in 

the MPEG-H Part 3:3D audio standard, providing a format 

that permits recording of outer diameter information of 
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each object so as to expand the sound source size.  For 

such a reason, such outer diameter information for spread 

may be used as the object outer diameter information. 

[0053] 

        The object attenuation information is information 

regarding a sound attenuation level when, because of an 

object, a sound from another object is attenuated.  The 

use of the object attenuation information provides an 

attenuation level of an object signal of another object 

at a given object according to a positional relationship 

between objects. 

[0054] 

        The object attenuation disabling information is 

information indicating whether or not to perform an 

attenuation process on a sound of an object, i.e., an 

object signal, that is, whether or not to attenuate the 

object signal. 

[0055] 

        For example, in the case where a value of the 

object attenuation disabling information is 1, the 

attenuation process on the object signal is disabled.  

That is, in the case where the value of the object 

attenuation disabling information is 1, the object signal 

is not subject to the attenuation process. 

[0056] 



 17  

        In the case where the intention of a sound source 

creator is, for example, that a certain object is 

essential and that any attenuation effects are not 

desired on sounds of the object due to a positional 

relationship with another object, the value of the object 

attenuation disabling information is set to 1.  It should 

be noted that an object whose value of the object 

attenuation disabling information is 1 will be also 

referred to below as an attenuation-disabled object. 

[0057] 

        In contrast, in the case where the value of the 

object attenuation disabling information is 0, the object 

signal is subject to the attenuation process according to 

the positional relationship between the object and the 

other object.  An object whose value of the object 

attenuation disabling information is 0 and that may be, 

therefore, subject to the attenuation process will be 

also referred to below as an attenuation process object. 

[0058] 

        The object gain information is information 

indicating a gain determined in advance on the side of 

the sound source creator for adjusting the object signal 

level.  A decibel value representing a gain is an example 

of the object gain information. 

[0059] 
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        When the object signal and the metadata for each 

object are acquired by the decoding performed by the 

decoding process section 21, the decoding process section 

21 supplies the acquired object signals to the rendering 

process section 24. 

[0060] 

        Also, the decoding process section 21 supplies the 

object position information included in the metadata 

acquired by the decoding to the coordinate transformation 

process section 22.  Further, the decoding process section 

21 supplies, to the object attenuation process section 23, 

the object outer diameter information, the object 

attenuation information, the object attenuation disabling 

information, and the object gain information included in 

the metadata acquired by the decoding. 

[0061] 

        The coordinate transformation process section 22 

generates object spherical coordinate position 

information on the basis of the object position 

information supplied from the decoding process section 21 

and user position information supplied from external 

equipment, supplying the object spherical coordinate 

position information to the object attenuation process 

section 23.  In other words, the coordinate transformation 

process section 22 transforms the object position 
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information into the object spherical coordinate position 

information. 

[0062] 

        Here, the user position information is information 

indicating an absolute position of the user as a listener 

in the listening space where the object exists, that is, 

an absolute position of a user-desired listening point, 

and is used as coordinate information represented by the 

x, y, and z coordinates of the xyz coordinate system. 

[0063] 

        The user position information is not information 

included in the input bit stream but information supplied 

from, for example, an external user interface connected 

to the signal processing apparatus 11 or from other 

sources. 

[0064] 

        Also, the object spherical coordinate position 

information is information indicating a relative position 

of the object as seen from the user in the listening 

space and represented by coordinates of a spherical 

coordinate system, i.e., spherical coordinates. 

[0065] 

        The object attenuation process section 23 obtains 

corrected object gain information acquired by correcting 

the object gain information as appropriate on the basis 
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of the object spherical coordinate position information 

that is supplied from the coordinate transformation 

process section 22 and the object outer diameter 

information, the object attenuation information, the 

object attenuation disabling information, and the object 

gain information that are supplied from the decoding 

process section 21. 

[0066] 

        In other words, the object attenuation process 

section 23 functions as a gain determination section that 

determines the corrected object gain information on the 

basis of the object spherical coordinate position 

information, the object outer diameter information, the 

object attenuation information, the object attenuation 

disabling information, and the object gain information. 

[0067] 

        Here, the gain value indicated by the corrected 

object gain information is acquired by correcting, as 

appropriate, the gain value indicated by the object gain 

information in consideration of the positional 

relationship between the objects. 

[0068] 

        Such corrected object gain information is used to 

realize the adjustment of object signal levels that take 

account of attenuation caused by sound reflection, 
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diffraction, and absorption taking place in the objects 

due to the positional relationship between the objects, 

that is, changes in acoustics. 

[0069] 

        The rendering process section 24 adjusts, as an 

attenuation process, an object signal level on the basis 

of the corrected object gain information during rendering.  

Such an attenuation process can be said to be a process 

of attenuating the object signal level according to sound 

reflection, diffraction, and absorption. 

[0070] 

        The object attenuation process section 23 supplies 

the object spherical coordinate position information and 

the corrected object gain information to the rendering 

process section 24. 

[0071] 

        In the signal processing apparatus 11, the 

coordinate transformation process section 22 and the 

object attenuation process section 23 function as 

information processing apparatuses that determine, for 

each object, the corrected object gain information for 

adjusting the object signal level according to the 

positional relationship with another object. 

[0072] 

        The rendering process section 24 generates an 
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output audio signal on the basis of the object signals 

supplied from the decoding process section 21 and the 

object spherical coordinate position information and the 

corrected object gain information supplied from the 

object attenuation process section 23, supplying the 

output audio signal to speakers, headphones, recording 

sections, and so on at the subsequent stages. 

[0073] 

        Specifically, the rendering process section 24 

performs a panning process such as VBAP, as a rendering 

process, thus generating the output audio signal. 

[0074] 

        For example, in the case where VBAP is performed as 

a panning process, a calculation similar to that of 

formula (2) described above is made on the basis of the 

object spherical coordinate position information and 

layout information of each speaker, thus allowing gain 

information to be obtained for each speaker.  Then, the 

rendering process section 24 adjusts the level of an 

object signal of a channel corresponding to each speaker 

on the basis of the obtained gain information and the 

corrected object gain information, thus generating an 

output audio signal that includes the signals of the 

plurality of channels.  In the case of presence of a 

plurality of objects, a final output audio signal is 
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generated by adding the signals of the same channel for 

each of the objects. 

[0075] 

        It should be noted that the rendering process 

performed by the rendering process section 24 may be any 

kind of process such as VBAP adopted in the MPEG-H Part 

3:3D audio standard and a process based on a panning 

technique called Speaker-anchored coordinates panner. 

[0076] 

        Also, while the rendering process based on VBAP 

employs the object spherical coordinate position 

information, that is, position information of the 

spherical coordinate system, rendering is performed 

directly in the rendering process based on Speaker-

anchored coordinates panner by using position information 

of the Cartesian coordinate system.  In the case of 

rendering using the Cartesian coordinate system, 

therefore, the coordinate transformation process section 

22 is only required to obtain the position information of 

the Cartesian coordinate system indicating the position 

of each object as seen from the user’s position through 

coordinate transformation. 

[0077] 

<Coordinate transformation and determination of corrected 

object gain information> 
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        Next, a more detailed description will be given of 

coordinate transformation performed by the coordinate 

transformation process section 22 and processes performed 

by the object attenuation process section 23. 

[0078] 

        The coordinate transformation process section 22 

receives the object position information and the user 

position information as inputs, performing coordinate 

transformation and outputting the object spherical 

coordinate position information. 

[0079] 

        Here, the object position information and the user 

position information used as inputs for coordinate 

transformation are represented, for example, as 

coordinates of the three-dimensional Cartesian coordinate 

system using the x, y, and z axes, that is, coordinates 

of the xyz coordinate system, as illustrated in Fig. 3. 

[0080] 

        In Fig. 3, the coordinates representing the 

position of a user LP11 as seen from the origin O of the 

xyz coordinate system are used as the user position 

information.  Also, the coordinates representing the 

position of an object OBJ1 as seen from the origin O of 

the xyz coordinate system are used as the object position 

information of the object OBJ1, and the coordinates 
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representing the position of an object OBJ2 as seen from 

the origin O of the xyz coordinate system are used as the 

object position information of the object OBJ2. 

[0081] 

        During coordinate transformation, the coordinate 

transformation process section 22 moves all objects in 

parallel in the listening space such that the position of 

the user LP11 is located at the origin O, for example, as 

illustrated in Fig. 4, and then transforms the 

coordinates of all objects in the xyz coordinate system 

into those in the spherical coordinate system.  It should 

be noted that, in Fig. 4, the parts corresponding to 

those in Fig. 3 are denoted by the same reference signs, 

and a description thereof will be omitted as appropriate. 

[0082] 

        Specifically, the coordinate transformation process 

section 22 obtains a motion vector MV11 that causes the 

position of the user LP11 to move to the origin O of the 

xyz coordinate system on the basis of the user position 

information.  The motion vector MV11 has its start point 

at the position of the user LP11 indicated by the user 

position information and its end point at the position of 

the origin O. 

[0083] 

        Also, the coordinate transformation process section 
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22 denotes a vector having the same magnitude (length) 

and running in the same direction as the motion vector 

MV11 and whose start point is at the position of the 

object OBJ1 as a motion vector MV12.  Then, the coordinate 

transformation process section 22 moves the position of 

the object OBJ1 by a distance indicated by the motion 

vector MV12 on the basis of the object position 

information of the object OBJ1. 

[0084] 

        Similarly, the coordinate transformation process 

section 22 denotes a vector having the same magnitude and 

running in the same direction as the motion vector MV11 

and whose start point is at the position of the object 

OBJ2 as a motion vector MV13, moving the position of the 

object OBJ2 by a distance indicated by the motion vector 

MV13 on the basis of the object position information of 

the object OBJ2. 

[0085] 

        Further, the coordinate transformation process 

section 22 obtains the coordinates in the spherical 

coordinate system representing the post-movement position 

of the object OBJ1 as seen from the origin O, treating 

the obtained coordinates as the object spherical 

coordinate position information of the object OBJ1.  

Similarly, the coordinate transformation process section 
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22 obtains the coordinates in the spherical coordinate 

system representing the post-movement position of the 

object OBJ2 as seen from the origin O, treating the 

obtained coordinates as the object spherical coordinate 

position information of the object OBJ2. 

[0086] 

        Here, the relationship between the spherical 

coordinate system and the xyz coordinate system is as 

illustrated in Fig. 5.  It should be noted that, in Fig. 5, 

the parts corresponding to those in Fig. 4 are denoted by 

the same reference signs, and a description thereof will 

be omitted as appropriate. 

[0087] 

        In Fig. 5, the xyz coordinate system has the x, y, 

and z axes that pass through the origin O and are 

perpendicular to each other.  In the xyz coordinate system, 

for example, the position of the object OBJ1 after the 

movement by the motion vector MV12 is represented as (X1, 

Y1, Z1) by using X1 as an x coordinate, Y1 as a y 

coordinate, and Z1 as a z coordinate. 

[0088] 

        In contrast, in the spherical coordinate system, 

the position of the object OBJ1 is represented by using 

an azimuth angle position_azimuth, an elevation angle 

position_elevation, and a radius position_radius. 
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[0089] 

        Now it is assumed that a straight line connecting 

the origin O and the position of the object OBJ1 is 

denoted as a straight line r and a straight line obtained 

by projecting the straight line r onto an xy plane is 

denoted as a straight line L. 

[0090] 

        At this time, an angle θ formed between the x axis 

and the straight line L is the azimuth angle 

position_azimuth indicating the position of the object 

OBJ1.  Also, an angle ϕ formed between the straight line r 

and the xy plane is the elevation angle 

position_elevation indicating the position of the object 

OBJ1, and the length of the straight line r is the radius 

position_radius indicating the position of the object 

OBJ1. 

[0091] 

        Therefore, the user position, i.e., spherical 

coordinate information including the azimuth angle, the 

elevation angle, and the radius of the object relative to 

the origin O, is the object spherical coordinate position 

information of the object.  It should be noted that, in 

more detail, the object spherical coordinate position 

information is obtained by assuming, for example, that 

the positive direction of the x axis is the user’s 
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forward direction. 

[0092] 

        A description will be given next of the processes 

performed by the object attenuation process section 23. 

[0093] 

        It should be noted that, for simpler description, 

the description will be given here assuming that only the 

objects OBJ1 and OBJ2 are present in the listening space. 

[0094] 

        Specifically, for example, the corrected object 

gain information of the object OBJ1 is determined 

assuming, for example, that the objects OBJ1 and OBJ2 are 

present in the listening space as illustrated in Fig. 6.  

It should be noted that, in Fig. 6, the parts 

corresponding to those in Fig. 4 are denoted by the same 

reference signs, and a description thereof will be 

omitted as appropriate. 

[0095] 

        In the example illustrated in Fig. 6, it is assumed 

that the object OBJ1 is not an attenuation-disabled 

object but an attenuation process object whose value of 

the object attenuation disabling information is 0. 

[0096] 

        In order to determine the corrected object gain 

information of the object OBJ1, a vector OP1 indicating 
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the position of the object OBJ1 is obtained first. 

[0097] 

        The vector OP1 is a vector having its start point 

at the origin O and its end point at a position O11 

indicated by the object spherical coordinate position 

information of the object OBJ1.  The user at the origin O 

listens to a sound emitted from the object OBJ1 at the 

position O11 toward the origin O.  It should be noted that, 

in more detail, the position O11 indicates a center of 

the object OBJ1. 

[0098] 

        Next, an object at a shorter distance from the 

origin O than the object OBJ1, that is, an object located 

closer to the side of the origin O as the user position 

than the object OBJ1, is selected as an object subject to 

attenuation.  The object subject to attenuation is an 

object that can cause attenuation of a sound produced 

from an attenuation process object because of its 

location between the attenuation process object and the 

origin O. 

[0099] 

        In the example illustrated in Fig. 6, the object 

OBJ2 is located at a position O12 indicated by the object 

spherical coordinate position information, and the 

position O12 is located closer to the side of the origin 
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O than the position O11 of the object OBJ1.  That is, the 

vector OP2 having its start point at the origin O and its 

end point at the position O12 is smaller in magnitude 

than the vector OP1. 

[0100] 

        In the example illustrated in Fig. 6, for such a 

reason, the object OBJ2 located closer to the side of the 

origin O than the object OBJ1 is selected as an object 

subject to attenuation.  It should be noted that, in more 

detail, the position O12 indicates a center of the object 

OBJ2. 

[0101] 

        The object OBJ2 is in the shape of a sphere having 

its center at the position O12 with a radius OR2 

indicated by the object outer diameter information, and 

the object OBJ2 is not a point sound source and has a 

given size. 

[0102] 

        Next, for the object OBJ2, which is the object 

subject to attenuation, a normal vector N2_1 from the 

object OBJ2, i.e., the position O12, to the vector OP1 

can be obtained. 

[0103] 

        Letting the position of an intersection between the 

straight line that passes through the position O12 and is 
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orthogonal to the vector OP1 and the vector OP1 be 

denoted as a position P2_1, the vector having its start 

point at the position O12 and its end position at the 

position P2_1 is the normal vector N2_1.  In other words, 

the intersection between the vector OP1 and the normal 

vector N2_1 is the position P2_1. 

[0104] 

        Further, the normal vector N2_1 is compared with 

the radius OR2 indicated by the object outer diameter 

information of the object OBJ2, thus determining whether 

the magnitude of the normal vector N2_1 is equal to or 

smaller than the radius OR2 that is half the outer 

diameter of the object OBJ2, which is the object subject 

to attenuation. 

[0105] 

        The determination process is a process that 

determines whether or not the object OBJ2, which is the 

object subject to attenuation, is present in the path of 

a sound that is emitted from the object OBJ1 and travels 

toward the origin O. 

[0106] 

        In other words, the determination process can be 

said to be a process that determines whether or not the 

position O12 as the center of the object OBJ2 is located 

within a range of a given distance from a straight line 
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connecting the origin O as the user position and the 

position O11 as the center of the object OBJ1. 

[0107] 

        It should be noted that the term “within a range of 

a given distance” here refers to a range determined by 

the size of the object OBJ2, and specifically, the term 

“given distance” refers to the distance from the position 

O12 to an end position of the object OBJ2 on the side of 

the straight line connecting the origin O and the 

position O11, that is, the radius OR2. 

[0108] 

        In the example illustrated in Fig. 6, for example, 

the magnitude of the normal vector N2_1 is equal to or 

smaller than the radius OR2.  That is, the vector OP1 

intersects the object OBJ2.  Therefore, a sound emitted 

from the object OBJ1 toward the origin O attenuates as a 

result of reflection, diffraction, or absorption by the 

object OBJ2, traveling toward the origin O. 

[0109] 

        For such a reason, the object attenuation process 

section 23 determines the corrected object gain 

information for attenuating the object signal level of 

the object OBJ1 according to the relative positional 

relationship between the object OBJ1 and the object OBJ2.  

In other words, the object gain information is corrected 
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for use as the corrected object gain information. 

[0110] 

        Specifically, the corrected object gain information 

is determined on the basis of an attenuation distance and 

a radius ratio that are pieces of information indicating 

the relative positional relationship between the object 

OBJ1 and the object OBJ2. 

[0111] 

        It should be noted that the attenuation distance 

refers to the distance between the object OBJ1 and the 

object OBJ2. 

[0112] 

        In such a case, letting the vector having its start 

point at the origin O and its end point at the position 

P2_1 be denoted as a vector OP2_1, the difference in 

magnitude between the vector OP1 and the vector OP2_1, 

that is, the distance from the position P2_1 to the 

position O11, is the attenuation distance of the object 

OBJ1 with respect to the object OBJ2.  In other words, 

|OP1| - |OP2_1| is the attenuation distance. 

[0113] 

        Also, the radius ratio in such a case is the ratio 

of the distance from the position O12 as the center of 

the object OBJ2 to the straight line connecting the 

origin O and the position O11 to the distance from the 



 35  

position O12 to the end of the object OBJ2 on the side of 

the straight line. 

[0114] 

        Here, the object OBJ2 is spherical in shape.  

Therefore, the radius ratio of the object OBJ2 is the 

ratio of the magnitude of the normal vector N2_1 to the 

radius OR2, i.e., |N2_1|/OR2. 

[0115] 

        The radius ratio is information indicating an 

amount of deviation of the position O12 as the center of 

the object OBJ2 from the vector OP1, i.e., an amount of 

deviation of the position O12 from the straight line 

connecting the origin O and the position O11.  Such a 

radius ratio can be said to be information indicating the 

positional relationship with the object OBJ1 dependent 

upon the size of the object OBJ2. 

[0116] 

        It should be noted that, although a description 

will be given here of an example in which a radius ratio 

is used as information indicating the positional 

relationship dependent upon the object size, information 

indicating the distance from the straight line connecting 

the origin O and the position O11 to the end position of 

the object OBJ2 on the side of the straight line or other 

information may be used. 
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[0117] 

        The object attenuation process section 23 obtains a 

correction value for the object gain information of the 

object OBJ1, for example, on the basis of an attenuation 

table index and a correction table index as the object 

attenuation information included in metadata, and an 

attenuation distance and a radius ratio.  Then, the object 

attenuation process section 23 corrects the object gain 

information of the object OBJ1 with the correction value, 

thus acquiring the corrected object gain information. 

[0118] 

        A description will be given here of an attenuation 

table indicated by the attenuation table index and a 

correction table indicated by the correction table index. 

[0119] 

        For example, metadata of a given time frame 

included in an input bit stream is illustrated in Fig. 7. 

[0120] 

        In the example illustrated in Fig. 7, the 

characters “OBJECT 1 POSITION INFORMATION” indicate the 

object position information of the object OBJ1, the 

characters “OBJECT 1 GAIN INFORMATION” indicate the 

object gain information of the object OBJ1, and the 

characters “OBJECT 1 ATTENUATION DISABLING INFORMATION” 

indicate the object attenuation disabling information of 



 37  

the object OBJ1. 

[0121] 

        Also, the characters “OBJECT 2 POSITION INFORMATION” 

indicate the object position information of the object 

OBJ2, the characters “OBJECT 2 GAIN INFORMATION” indicate 

the object gain information of the object OBJ2, and the 

characters “OBJECT 2 ATTENUATION DISABLING INFORMATION” 

indicate the object attenuation disabling information of 

the object OBJ2. 

[0122] 

        Further, the characters “OBJECT 2 OUTER DIAMETER 

INFORMATION” indicate the object outer diameter 

information of the object OBJ2, the characters “OBJECT 2 

ATTENUATION TABLE INDEX” indicate an attenuation table 

index of the object OBJ2, and the characters “OBJECT 2 

CORRECTION TABLE INDEX” indicate a correction table index 

of the object OBJ2. 

[0123] 

        Here, the attenuation table index and the 

correction table index are pieces of the object 

attenuation information. 

[0124] 

        The attenuation table index is an index for 

identifying an attenuation table that indicates the 

attenuation level of the object signal appropriate to the 
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attenuation distance described above. 

[0125] 

        The sound attenuation level caused by an object 

subject to attenuation varies depending on the distance 

between an attenuation process object and the object 

subject to attenuation.  In order to obtain a suitable 

attenuation level appropriate to the attenuation distance 

easily with a small number of computations, an 

attenuation table that associates the attenuation 

distance with the attenuation level is used. 

[0126] 

        For example, a sound absorption rate and 

diffraction and reflection effects vary, for example, 

depending on an object material.  Therefore, a plurality 

of attenuation tables is available in advance according 

to the object material and shape, a frequency band of the 

object signal, and so on.  The attenuation table index is 

an index that indicates any of the plurality of 

attenuation tables, and a suitable attenuation table 

index is specified for each object by the side of the 

sound source creator according to the object material and 

so on. 

[0127] 

        Also, the correction table index is an index for 

identifying a correction table that indicates a 
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correction rate of the attenuation level of the object 

signal appropriate to the radius ratio described above. 

[0128] 

        The radius ratio indicates how much a straight line 

representing the path of a sound emitted from an 

attenuation process object deviates from the center of an 

object subject to attenuation. 

[0129] 

        Even if the attenuation distance is the same, the 

actual attenuation level varies depending upon the amount 

of deviation of the object subject to attenuation from 

the path of the sound emitted from the attenuation 

process object, that is, the radius ratio. 

[0130] 

        For example, in general, in the case where a 

straight line connecting the origin O and the attenuation 

process object passes through an outer part of the object 

subject to attenuation far from the center thereof, the 

attenuation level is smaller due to a diffraction effect 

than in the case where the straight line passes through 

the center of the object subject to attenuation.  For such 

a reason, a correction table associating the radius ratio 

with the correction rate is used to correct the 

attenuation level of the object signal according to the 

radius ratio. 
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[0131] 

        The suitable correction rate appropriate to the 

radius ratio varies depending upon the object material 

and so on as in the case of the attenuation table.  

Therefore, a plurality of correction tables is available 

in advance according to the object material and shape, 

the frequency band of the object signal, and so on.  The 

correction table index is an index that indicates any of 

the plurality of correction tables, and a suitable 

correction table index is specified for each object by 

the side of the sound source creator according to the 

object material and so on. 

[0132] 

        In the example illustrated in Fig. 7, the object 

OBJ1 is an object processed as a point sound source with 

no object outer diameter information.  Therefore, only the 

object position information, the object gain information, 

and the object attenuation disabling information are 

given as metadata of the object OBJ1. 

[0133] 

        In contrast, the object OBJ2 is an object that has 

the object outer diameter information and attenuates a 

sound emitted from another object.  For such a reason, the 

object outer diameter information and the object 

attenuation information are given as metadata of the 
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object OBJ2 in addition to the object position 

information, the object gain information, and the object 

attenuation disabling information. 

[0134] 

        In particular, an attenuation table index and a 

correction table index are given here as the object 

attenuation information, and the attenuation table index 

and the correction table index are used to calculate a 

correction value of the object gain information. 

[0135] 

        For example, an attenuation table indicated by a 

certain attenuation table index is information indicating 

the relationship between an attenuation distance and an 

attenuation level illustrated in Fig. 8. 

[0136] 

        In Fig. 8, the vertical axis represents the 

attenuation level in decibel value, and the horizontal 

axis represents the distance between the objects, i.e., 

the attenuation distance.  In the example illustrated in 

Fig. 6, for example, the distance from the position P2_1 

to the position O11 is the attenuation distance. 

[0137] 

        In the example illustrated in Fig. 8, the smaller 

the attenuation distance, the greater the attenuation 

level, and the smaller the attenuation distance, the 



 42  

greater the change in the attenuation level relative to 

the variation in the attenuation distance.  From this, it 

is clear that the closer the object subject to 

attenuation to the attenuation process object, the 

greater the extent to which the sound of the attenuation 

process object attenuates. 

[0138] 

        Also, for example, a correction table indicated by 

a certain correction table index is information 

indicating the relationship between a radius ratio and a 

correction rate illustrated in Fig. 9. 

[0139] 

        In Fig. 9, the vertical axis represents the 

correction rate of the attenuation level, and the 

horizontal axis represents the radius ratio.  In the 

example illustrated in Fig. 6, for example, the ratio of 

the magnitude of the normal vector N2_1 to the radius OR2 

is the radius ratio. 

[0140] 

        For example, in the case where the radius ratio is 

0, a sound traveling from the attenuation process object 

toward the origin O, i.e., to the user, passes through 

the center of the object subject to attenuation, and in 

the case where the radius ratio is 1, a sound traveling 

from the attenuation process object toward the origin O 
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passes through a border part of the object subject to 

attenuation. 

[0141] 

        In such an example, the larger the radius ratio, 

the smaller the correction rate, and the larger the 

radius ratio, the greater the change in the correction 

rate relative to the variation in the radius ratio.  For 

example, in the case where the correction rate is 1.0, 

the attenuation level obtained from the attenuation table 

is used as it is, and in the case where the correction 

rate is 0, the attenuation level obtained from the 

attenuation table is set to 0.  As a result, the 

attenuation effect is 0.  It should be noted that, in the 

case where the radius ratio is greater than 1, a sound 

traveling from the attenuation process object toward the 

origin O does not pass through any region of the object 

subject to attenuation.  Therefore, the attenuation 

process is not performed. 

[0142] 

        When an attenuation level and a correction rate 

appropriate to an attenuation distance and a radius ratio 

are obtained on the basis of the attenuation distance and 

the radius ratio, a correction value is obtained on the 

basis of the attenuation distance and the radius ratio, 

thus correcting the object gain information. 
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[0143] 

        Specifically, the value obtained by multiplying the 

attenuation level by the correction rate, i.e., the 

product of the correction rate and the attenuation level, 

is used as a correction value.  The correction value is a 

final attenuation level obtained by correcting the 

attenuation level with the correction rate.  When the 

correction value is obtained, the correction value is 

added to the object gain information, thus correcting the 

object gain information.  Then, the corrected object gain 

information obtained in such a manner, i.e., the sum of 

the correction value and the object gain information, is 

used as the corrected object gain information. 

[0144] 

        The correction value, which is the product of the 

correction rate and the attenuation level, can be said to 

indicate the attenuation level of an object signal that 

is used for realizing the level adjustment corresponding 

to the attenuation undergone by a sound of a certain 

object in another object and that is determined on the 

basis of the positional relationship between the objects. 

[0145] 

        It should be noted that an example has been 

described here in which an attenuation table index and a 

correction table index that are made available in advance 
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are included in metadata as the object attenuation 

information.  However, as long as an attenuation level and 

a correction rate can be obtained, for example, by using 

change points in a line corresponding to the attenuation 

table and the correction table illustrated in Figs. 8 and 

9 as the object attenuation information, any kind of 

object attenuation information can be used. 

[0146] 

        In addition to the above, for example, a plurality 

of attenuation functions, that is, continuous functions 

having attenuation distances as inputs and giving 

attenuation levels as outputs, and a plurality of 

correction rate functions, that is, continuous functions 

having radius ratios as inputs and giving correction 

rates as outputs, may be made available such that an 

index indicating any of the plurality of attenuation 

functions and an index indicating any of the plurality of 

correction rate functions are used as the object 

attenuation information.  Further, a plurality of 

continuous functions having attenuation levels and radius 

ratios as inputs and giving correction values as outputs 

may be made available in advance such that an index 

indicating any of the functions is used as the object 

attenuation information. 

[0147] 
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<Description of the audio output process> 

        A description will be given next of specific 

operation of the signal processing apparatus 11.  That is, 

an audio output process performed by the signal 

processing apparatus 11 will be described below with 

reference to the flowchart illustrated in Fig. 10. 

[0148] 

        In step S11, the decoding process section 21 

decodes a received input bit stream, thus acquiring 

metadata and an object signal. 

[0149] 

        The decoding process section 21 supplies the object 

position information of the acquired metadata to the 

coordinate transformation process section 22 and supplies 

the object outer diameter information, the object 

attenuation information, the object attenuation disabling 

information, and the object gain information of the 

acquired metadata to the object attenuation process 

section 23.  Also, the decoding process section 21 

supplies the acquired object signal to the rendering 

process section 24. 

[0150] 

        In step S12, the coordinate transformation process 

section 22 transforms coordinates of each object on the 

basis of the object position information supplied from 
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the decoding process section 21 and the user position 

information supplied from external equipment, thus 

generating the object spherical coordinate position 

information and supplying the generated information to 

the object attenuation process section 23. 

[0151] 

        In step S13, the object attenuation process section 

23 not only selects a target attenuation process object, 

on the basis of the object attenuation disabling 

information supplied from the decoding process section 21 

and the object spherical coordinate position information 

supplied from the coordinate transformation process 

section 22, but also obtains a position vector of the 

attenuation process object. 

[0152] 

        For example, the object attenuation process section 

23 selects an object whose value of the object 

attenuation disabling information is 0 for use as the 

attenuation process object.  Then, the object attenuation 

process section 23 calculates, as a position vector, a 

vector having the origin O, i.e., the user position, as 

its start point and the position of the attenuation 

process object as its end point on the basis of the 

object spherical coordinate position information of the 

attenuation process object. 
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[0153] 

        For example, therefore, in the case where the 

object OBJ1 is selected as the attenuation process object 

in the example illustrated in Fig. 6, the vector OP1 is 

obtained as the position vector. 

[0154] 

        In step S14, the object attenuation process section 

23 selects, as an object subject to attenuation with 

respect to the target attenuation process object, an 

object whose distance from the origin O is smaller 

(shorter) than the target attenuation process object on 

the basis of the object spherical coordinate position 

information of the target attenuation process object and 

that of the other object. 

[0155] 

        For example, in the case where the object OBJ1 is 

selected as the attenuation process object in the example 

illustrated in Fig. 6, the object OBJ2 located closer to 

the origin O than the object OBJ1 is selected as the 

object subject to attenuation. 

[0156] 

        In step S15, the object attenuation process section 

23 obtains a normal vector from the center of the object 

subject to attenuation with respect to the position 

vector of the attenuation process object on the basis of 
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the position vector of the attenuation process object 

acquired in step S13 and the object spherical coordinate 

position information of the object subject to attenuation. 

[0157] 

        For example, in the case where the object OBJ1 is 

selected as the attenuation process object and the object 

OBJ2 is selected as the object subject to attenuation in 

the example illustrated in Fig. 6, the normal vector N2_1 

is obtained. 

[0158] 

        In step S16, the object attenuation process section 

23 determines whether or not the magnitude of the normal 

vector is equal to or smaller than the radius of the 

object subject to attenuation on the basis of the normal 

vector obtained in step S15 and the object outer diameter 

information of the object subject to attenuation. 

[0159] 

        For example, in the case where the object OBJ1 is 

selected as the attenuation process object and the object 

OBJ2 is selected as the object subject to attenuation in 

the example illustrated in Fig. 6, it is determined 

whether or not the magnitude of the normal vector N2_1 is 

equal to or smaller than the radius OR2 that is half the 

outer diameter of the object OBJ2. 

[0160] 
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        In the case where it is determined, in step S16, 

that the magnitude of the normal vector is not equal to 

or smaller than the radius of the object subject to 

attenuation, the object subject to attenuation is not in 

the path of a sound that is emitted from the attenuation 

process object and travels toward the origin O (the user).  

Therefore, the processes in steps S17 and S18 are not 

performed, and the process proceeds to step S19. 

[0161] 

        In contrast, in the case where it is determined, in 

step S16, that the magnitude of the normal vector is 

equal to or smaller than the radius of the object subject 

to attenuation, the object subject to attenuation is in 

the path of a sound that is emitted from the attenuation 

process object and travels toward the origin O (the user).  

Therefore, the process proceeds to step S17.  In such a 

case, the attenuation process object and the object 

subject to attenuation are located approximately in the 

same direction as seen from the user. 

[0162] 

        In step S17, the object attenuation process section 

23 obtains an attenuation distance on the basis of the 

position vector of the attenuation process object 

acquired in step S13 and the normal vector of the object 

subject to attenuation acquired in step S15.  Also, the 
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object attenuation process section 23 obtains a radius 

ratio on the basis of the object outer diameter 

information and the normal vector of the object subject 

to attenuation. 

[0163] 

        For example, in the case where the object OBJ1 is 

selected as the attenuation process object and the object 

OBJ2 is selected as the object subject to attenuation in 

the example illustrated in Fig. 6, the distance from the 

position P2_1 to the position O11, i.e., |OP1| - |OP2_1|, 

is obtained as the attenuation distance.  Further, in such 

a case, the ratio of the magnitude of the normal vector 

N2_1 to the radius OR2, i.e., |N2_1|/OR2, is obtained as 

the radius ratio. 

[0164] 

        In step S18, the object attenuation process section 

23 obtains the corrected object gain information of the 

attenuation process object on the basis of the object 

gain information of the attenuation process object, the 

object attenuation information of the object subject to 

attenuation, and the attenuation distance and the radius 

ratio acquired in step S17. 

[0165] 

        For example, in the case where the attenuation 

table index and the correction table index described 
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above are included in metadata as the object attenuation 

information, the object attenuation process section 23 

holds, in advance, a plurality of attenuation tables and 

a plurality of correction tables. 

[0166] 

        In such a case, the object attenuation process 

section 23 reads out an attenuation level determined with 

respect to the attenuation distance from the attenuation 

table indicated by the attenuation table index as the 

object attenuation information of the object subject to 

attenuation. 

[0167] 

        Also, the object attenuation process section 23 

reads out a correction rate determined with respect to 

the radius ratio from the correction table indicated by 

the correction table index as the object attenuation 

information of the object subject to attenuation. 

[0168] 

        Then, the object attenuation process section 23 

obtains a correction value by multiplying the attenuation 

level that has been read out by the correction rate and 

then obtains the corrected object gain information by 

adding the correction value to the object gain 

information of the attenuation process object. 

[0169] 
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        The process of obtaining the corrected object gain 

information in such a manner can be said to be a process 

of determining the correction value that indicates the 

attenuation level of the object signal on the basis of 

the attenuation distance and the radius ratio, i.e., the 

positional relationship between the objects, and further 

determining the corrected object gain information, that 

is, a gain for adjusting the object signal level on the 

basis of the correction value. 

[0170] 

        When the corrected object gain information is 

obtained, the process proceeds thereafter to step S19. 

[0171] 

        When the process in step S18 is performed or when 

it is determined, in step S16, that the magnitude of the 

normal vector is not equal to or smaller than the radius, 

the object attenuation process section 23 determines, in 

step S19, whether or not there is any object subject to 

attenuation that has yet to be processed for the target 

attenuation process object. 

[0172] 

        In the case where it is determined, in step S19, 

that there is still an object subject to attenuation that 

has yet to be processed, the process returns to step S14, 

and the above processes are repeated. 



 54  

[0173] 

        In such a case, in the process of step S18, a 

correction value obtained for a new object subject to 

attenuation is added to the corrected object gain 

information that has already been obtained, thus updating 

the corrected object gain information.  Therefore, in the 

case where there is a plurality of objects subject to 

attenuation the magnitudes of whose normal vectors are 

equal to or smaller than the radius with respect to the 

attenuation process object, the sum of the object gain 

information and the correction values obtained 

respectively for the plurality of objects subject to 

attenuation is acquired as final corrected object gain 

information. 

[0174] 

        Also, in the case where it is determined, in step 

S19, that there is no more object subject to attenuation 

that has yet to be processed, that is, that all the 

objects subject to attenuation have been processed, the 

process proceeds to step S20. 

[0175] 

        In step S20, the object attenuation process section 

23 determines whether or not all the attenuation process 

objects have been processed. 

[0176] 
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        In the case where it is determined, in step S20, 

that all the attenuation process objects have yet to be 

processed, the process returns to step S13, and the above 

processes are repeated. 

[0177] 

        In contrast, in the case where it is determined, in 

step S20, that all the attenuation process objects have 

been processed, the process proceeds to step S21. 

[0178] 

        In such a case, the object attenuation process 

section 23 uses the object gain information of those 

objects that have not undergone the process in step S17 

or S18, i.e., the attenuation process, as it is, as the 

corrected object gain information. 

[0179] 

        Also, the object attenuation process section 23 

supplies the object spherical coordinate position 

information and the corrected object gain information of 

all the objects supplied from the coordinate 

transformation process section 22 to the rendering 

process section 24. 

[0180] 

        In step S21, the rendering process section 24 

performs a rendering process on the basis of the object 

signal supplied from the decoding process section 21 and 
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the object spherical coordinate position information and 

the corrected object gain information supplied from the 

object attenuation process section 23, thus generating an 

output audio signal. 

[0181] 

        When the output audio signal is acquired in such a 

manner, the rendering process section 24 outputs the 

acquired output audio signal to the subsequent stage, 

thus terminating the audio output process. 

[0182] 

        The signal processing apparatus 11 corrects the 

object gain information as described above according to 

the positional relationship between the objects, thus 

obtaining the corrected object gain information.  This 

makes it possible to create a great sense of realism with 

a small number of computations. 

[0183] 

        That is, in the case where there is a plurality of 

objects approximately in the same direction as seen from 

the user in the listening space, attenuation effects that 

occur as a result of absorption, diffraction, reflection, 

and so on of a sound of the object are not calculated on 

the basis of physics laws.  Instead, a correction value 

appropriate to the attenuation distance and the radius 

ratio is obtained by using tables.  Such a simple 
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calculation provides substantially same effects as in the 

case of calculation on the basis of physics laws.  

Therefore, even in the case where the user moves freely 

in the listening space, it is possible to deliver three-

dimensional acoustic effects with a great sense of 

realism to the user with a small number of computations. 

[0184] 

        It should be noted that, although a case of a free 

viewpoint where the user can move to any position in the 

listening space has been described here, it is also 

possible to create a great sense of realism with a small 

number of computations in the case of a fixed viewpoint 

where the user position is fixed in the listening space 

as in the case of the free viewpoint. 

[0185] 

        In such a case, the user position indicated by the 

user position information is always the position of the 

origin O.  This eliminates the need for the coordinate 

transformation process by the coordinate transformation 

process section 22, and the object position information 

is position information represented by spherical 

coordinates.  In such a case in particular, the object 

position information is information representing the 

object position as seen from the origin O.  Also, the 

process performed by the object attenuation process 



 58  

section 23 may be performed on the side of a client that 

receives delivery of content or on the side of a server 

that delivers content. 

[0186] 

<Modification example> 

        In addition, although a case has been described 

above where the object attenuation disabling information 

is 0 or 1, the object attenuation disabling information 

may be set to any of a plurality of three or more values.  

In such a case, for example, the value of the object 

attenuation disabling information indicates not only 

whether or not an object is an attenuation-disabled 

object but also a correction level for the attenuation 

level.  Therefore, the correction value obtained from the 

correction rate and the attenuation level is further 

corrected according to the value of the object 

attenuation disabling information for use as a final 

correction value, for example. 

[0187] 

        Further, although a case has been described above 

where the object attenuation disabling information that 

indicates whether or not to disable the attenuation 

process is determined for each object, it may be 

determined for the region inside the listening space 

whether or not to disable the attenuation process. 
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[0188] 

        For example, if the intention of the sound source 

creator is that attenuation effects caused by an object 

in a specific spatial region inside the listening space 

are not desired, for example, it is only necessary to 

store, in an input bit stream, the object attenuation 

disabling region information indicating a spatial region 

free from attenuation effects in place of the object 

attenuation disabling information. 

[0189] 

        In such a case, the object attenuation process 

section 23 treats an object as an attenuation-disabled 

object if the position indicated by the object position 

information falls within the spatial region indicated by 

the object attenuation disabling region information.  This 

makes it possible to realize audio reproduction that 

reflects the intention of the sound source creator. 

[0190] 

        Also, the positional relationship between the user 

and the objects may also be considered, for example, by 

treating an object located approximately in a front 

direction as seen from the user as an attenuation-

disabled object and an object behind the user as an 

attenuation process object.  That is, whether or not to 

treat an object as the attenuation-disabled object may be 
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determined on the basis of the positional relationship 

between the user and the objects. 

[0191] 

        In addition to the above, although an example has 

been described above in which an object signal is 

attenuated according to the relative positional 

relationship between objects, reverberation effects may 

be applied to the object signal according to the relative 

positional relationship between objects, for example. 

[0192] 

        It has been long known that reverberation effects 

are produced by trees in woods, and Kuttruff models the 

reverberation of woods by regarding trees as spheres and 

solving a diffusion equation. 

[0193] 

        For such a reason, for example, in the case where 

there are as many as or more objects than a predetermined 

number in a given space including the user position and 

the position of an object that produces a sound, a 

possible option would be to apply specific reverberation 

effects to the object signal of each object in the space. 

[0194] 

        In such a case, reverberation effects can be 

applied by including a parametric reverb coefficient for 

applying reverberation effects in an input bit stream and 
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varying a mixture ratio between a direct sound and a 

reverberated sound according to the relative positional 

relationship between the user position and the position 

of the object that produces a sound. 

[0195] 

<Configuration example of the computer> 

        Incidentally, the above series of processes can be 

performed by hardware or software.  In the case where the 

series of processes are performed by software, a program 

included in the software is installed to a computer.  Here, 

the computer includes a computer incorporated in 

dedicated hardware, a general-purpose personal computer 

capable of performing various functions as various 

programs are installed, and so on. 

[0196] 

        Fig. 11 is a block diagram illustrating a hardware 

configuration example of a computer that performs the 

above series of processes by executing a program. 

[0197] 

        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. 

[0198] 

        An input/output interface 505 is further connected 
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to the bus 504.  An input section 506, an output section 

507, a recording section 508, a communication section 509, 

and a drive 510 are connected to the input/output 

interface 505. 

[0199] 

        The input section 506 includes a keyboard, a mouse, 

a microphone, an imaging element, and so on.  The output 

section 507 includes a display, a speaker, and so on.  The 

recording section 508 includes a hard disk, a non-

volatile memory, and so on.  The communication section 509 

includes a network interface and so on.  The drive 510 

drives a removable recording medium 511 such as a 

magnetic disk, an optical disc, a magneto-optical disk, 

or a semiconductor memory. 

[0200] 

        In the computer configured as described above, the 

CPU 501 loads, for example, the program recorded in the 

recording section 508 via the input/output interface 505 

and the bus 504 into the RAM 503 for execution, thus 

allowing the above series of processes to be performed. 

[0201] 

        The program executed by the computer (CPU 501) can 

be provided in a manner recorded in the removable 

recording medium 511 as package media.  Also, the program 

can be provided via a wired or wireless transmission 
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medium such as a local area network, the internet, and 

digital satellite broadcasting. 

[0202] 

        In the computer, the program can be installed to 

the recording section 508 via the input/output interface 

505 by inserting the removable recording medium 511 into 

the drive 510.  Also, the program can be received by the 

communication section 509 via a wired or wireless 

transmission medium and installed to the recording 

section 508.  In addition to the above, the program can be 

installed in advance to the ROM 502 or the recording 

section 508. 

[0203] 

        It should be noted that the program executed by the 

computer may perform the processes not only 

chronologically according to the sequence described in 

the present specification but also in parallel or at a 

necessary timing as when invoked. 

[0204] 

        Also, embodiments of the present technology are not 

limited to those described above and can be modified in 

various ways without departing from the gist of the 

present technology. 

[0205] 

        For example, the present technology can have a 
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cloud computing configuration in which a single function 

is processed among a plurality of apparatuses in a shared 

and cooperative manner through a network. 

[0206] 

        Also, each step described in the above flowchart 

can be carried out not only by a single apparatus but 

also by a plurality of apparatuses in a shared manner. 

[0207] 

        Further, in the case where one step includes a 

plurality of processes, the plurality of processes 

included in the step is performed not only by a single 

apparatus but also by a plurality of apparatuses in a 

shared manner. 

[0208] 

        Further, the present technology can have the 

following configurations. 

[0209] 

(1) 

        An information processing apparatus including: 

        a gain determination section adapted to determine 

an attenuation level on the basis of a positional 

relationship between a given object and another object 

and determine a gain of a signal of the given object on 

the basis of the attenuation level. 

(2) 
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        The information processing apparatus of feature (1), 

in which 

        the other object is located closer to a side of a 

user position than the given object. 

(3) 

        The information processing apparatus of feature (1) 

or (2), in which 

        the other object is located within a range of a 

given distance from a straight line connecting the user 

position and the given object. 

(4) 

        The information processing apparatus of feature (3), 

in which 

        the range is determined by a size of the other 

object. 

(5) 

        The information processing apparatus of feature (3) 

or (4), in which 

        the given distance includes a distance from a 

center of the other object to an end of the other object 

on a side of the straight line. 

(6) 

        The information processing apparatus of any one of 

features (3) to (5), in which 

        the positional relationship depends upon a size of 
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the other object. 

(7) 

        The information processing apparatus of feature (6), 

in which 

        the positional relationship includes an amount of 

deviation of a center of the other object from the 

straight line. 

(8) 

        The information processing apparatus of feature (6), 

in which 

        the positional relationship includes a ratio of a 

distance from a center of the other object to the 

straight line to a distance from the center of the other 

object to an end of the other object on a side of the 

straight line. 

(9) 

        The information processing apparatus of any one of 

features (1) to (8), in which 

        the gain determination section determines the 

attenuation level on the basis of the positional 

relationship and attenuation information of the other 

object. 

(10) 

        The information processing apparatus of feature (9), 

in which 
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        the attenuation information includes information 

for acquiring the attenuation level of the signal 

appropriate to the positional relationship in the other 

object. 

(11) 

        The information processing apparatus of any one of 

features (1) to (10), in which 

        the positional relationship includes a distance 

between the other object and the given object. 

(12) 

        The information processing apparatus of any one of 

features (1) to (11), in which 

        the gain determination section determines the 

attenuation level on the basis of attenuation disabling 

information indicating whether or not to attenuate the 

signal of the given object and the positional 

relationship. 

(13) 

        The information processing apparatus of any one of 

features (1) to (11), in which 

        the signal of the given object includes an audio 

signal. 

(14) 

        An information processing method performed by an 

information processing apparatus, comprising: 
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        determining an attenuation level on the basis of a 

positional relationship between a given object and 

another object and determining a gain of a signal of the 

given object on the basis of the attenuation level. 

(15) 

        A program causing a computer to perform a process 

including the step of: 

        determining an attenuation level on the basis of a 

positional relationship between a given object and 

another object and determining a gain of a signal of the 

given object on the basis of the attenuation level. 

[Reference Signs List] 

[0210] 

        11 Signal processing apparatus, 21 Decoding process 

section, 22 Coordinate transformation process section, 23 

Object attenuation process section, 24 Rendering process 

section 
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[CLAIMS] 

[Claim 1] 

        An information processing apparatus comprising: 

        a gain determination section adapted to determine 

an attenuation level on a basis of a positional 

relationship between a given object and another object 

and determine a gain of a signal of the given object on a 

basis of the attenuation level. 

[Claim 2] 

        The information processing apparatus of claim 1, 

wherein 

        the other object is located closer to a side of a 

user position than the given object. 

[Claim 3] 

        The information processing apparatus of claim 1, 

wherein 

        the other object is located within a range of a 

given distance from a straight line connecting the user 

position and the given object. 

[Claim 4] 

        The information processing apparatus of claim 3, 

wherein 

        the range is determined by a size of the other 

object. 

[Claim 5] 



 70  

        The information processing apparatus of claim 3, 

wherein 

        the given distance includes a distance from a 

center of the other object to an end of the other object 

on a side of the straight line. 

[Claim 6] 

        The information processing apparatus of claim 3, 

wherein 

        the positional relationship depends upon a size of 

the other object. 

[Claim 7] 

        The information processing apparatus of claim 6, 

wherein 

        the positional relationship includes an amount of 

deviation of a center of the other object from the 

straight line. 

[Claim 8] 

        The information processing apparatus of claim 6, 

wherein 

        the positional relationship includes a ratio of a 

distance from a center of the other object to the 

straight line to a distance from the center of the other 

object to an end of the other object on a side of the 

straight line. 

[Claim 9] 
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        The information processing apparatus of claim 1, 

wherein 

        the gain determination section determines the 

attenuation level on a basis of the positional 

relationship and attenuation information of the other 

object. 

[Claim 10] 

        The information processing apparatus of claim 9, 

wherein 

        the attenuation information includes information 

for acquiring the attenuation level of the signal 

appropriate to the positional relationship in the other 

object. 

[Claim 11] 

        The information processing apparatus of claim 1, 

wherein 

        the positional relationship includes a distance 

between the other object and the given object. 

[Claim 12] 

        The information processing apparatus of claim 1, 

wherein 

        the gain determination section determines the 

attenuation level on a basis of attenuation disabling 

information indicating whether or not to attenuate the 

signal of the given object and the positional 
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relationship. 

[Claim 13] 

        The information processing apparatus of claim 1, 

wherein 

        the signal of the given object includes an audio 

signal. 

[Claim 14] 

        An information processing method performed by an 

information processing apparatus, comprising: 

        determining an attenuation level on a basis of a 

positional relationship between a given object and 

another object and determining a gain of a signal of the 

given object on a basis of the attenuation level. 

[Claim 15] 

        A program causing a computer to perform a process 

comprising the step of: 

        determining an attenuation level on a basis of a 

positional relationship between a given object and 

another object and determining a gain of a signal of the 

given object on a basis of the attenuation level. 


