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[DESCRIPTION] 

[Title] 

        INFORMATION PROCESSING APPARATUS AND INFORMATION 

PROCESSING METHOD 

[Technical Field] 

[0001] 

        The present disclosure relates to an information 

processing apparatus and an information processing 

method, and more particularly to an information 

processing apparatus and an information processing method 

that are capable of distributing higher-quality G-PCC 

streams. 

[Background Art] 

[0002] 

        Heretofore, MPEG-I Part 9 Geometry-based Point 

Cloud Compression (ISO/IEC 23090-9) prescribes a process 

of compressing a Point Cloud representing a collection of 

points that simultaneously have positional information 

and attribute information (e.g., color information, 

reflectance information, etc.) in a three-dimensional 

space. 

[0003] 

        For example, as disclosed in NPL 1, according to 

Geometry-based Point Cloud Compression (G-PCC), a Point 

Cloud is segmented into geometry representing a three-
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dimensional structure and attributes representing color, 

reflectance information, etc., and the geometry 

information and the attributes are encoded. 

[0004] 

        Further, octree encoding as illustrated in FIG. 1 

is used for compressing geometry.  For example, the octree 

encoding represents a process of representing, using an 

octree, whether or not there are points in each block 

with respect to data represented by Voxels.  According to 

this process, as illustrated in FIG. 1, a block where a 

point exists is represented by 1 and a block where no 

point exists is represented by 0. 

[0005] 

        Moreover, Predicting Weight Lifting, Region 

Adaptive Hierarchical Transform (RAHT), or Fix Weight 

Lifting is used to compress attributes. 

[Citation List] 
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based PCC), July 2018, Ljubljana, Slovenia 

[NPL 2] 

        w18001, Description of Core Experiment 13.2 for G-

PCC: Tile and Slice based Coding of Point Cloud, October 
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2018, Macau, China 

[Summary] 

[Technical Problems] 

[0007] 

        Incidentally, according to the conventional 

distribution technology, a G-PCC stream generated when 

the three-dimensional structure information of a Point 

Cloud object is uniformly compressed by the octree 

encoding as illustrated in FIG. 1 is distributed.  In the 

case in which the three-dimensional structure information 

is uniformly compressed by the octree encoding, the 

distributed G-PCC stream has three-dimensional 

information that can be viewed peripherally through 360° 

and provides an identical level of fineness throughout 

the entire periphery.  At this time, the limitation posed 

by the network bandwidth for distribution raises two 

points of concern to be described below. 

[0008] 

        First, when a high-definition G-PCC stream where 

points of a Point Cloud are dense is to be distributed, 

the compression ratio of the whole Point Cloud object is 

uniformly lowered (i.e., resulting in high definition) 

regardless of whether or not the G-PCC stream represents 

a part of the Point Cloud that the user can view at a 

certain time.  Therefore, the bit rate is liable to 
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increase unnecessarily, possibly resulting in 

reproduction interruptions. 

[0009] 

        Secondly, in a case in which the bit rate is 

reduced to restrain reproduction interruptions, the 

compression ratio of the whole G-PCC stream is uniformly 

increased (i.e., resulting in lower definition).  

Consequently, points of the Point Cloud in a part of the 

Point Cloud object that the user is viewing at a certain 

time are made sparse, resulting in low definition. 

[0010] 

        As described above, heretofore, the network 

bandwidth has not been utilized for better efficiency, 

and high-quality G-PCC stream distributions have not been 

realized for high-definition viewing experience and 

uninterrupted reproduction. 

[0011] 

        The present disclosure has been presented in view 

of the above situation, and is aimed at providing G-PCC 

stream distributions of higher quality. 

[Solution to Problems] 

[0012] 

        An information processing apparatus according to a 

first aspect of the present disclosure includes a file 

generating section that generates a file including 
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spatial positional information indicating spatial 

positions of respective pieces of partial Point Cloud 

data that represent individual parts into which Point 

Cloud data is segmented when the Point Cloud data is 

encoded on a three-dimensional structure base to generate 

encoded Point Cloud data streams, and grouping 

information that groups the partial Point Cloud data. 

[0013] 

        An information processing method according to the 

first aspect of the present disclosure includes, by an 

information processing apparatus, generating a file 

including spatial positional information indicating 

spatial positions of respective pieces of partial Point 

Cloud data that represent individual parts into which 

Point Cloud data is segmented when the information 

processing apparatus encodes the Point Cloud data on a 

three-dimensional structure base to generate encoded data 

streams, and grouping information that groups the partial 

Point Cloud data. 

[0014] 

        According to the first aspect of the present 

disclosure, when Point Cloud data is encoded on a three-

dimensional structure base to generate encoded data 

streams, there is generated a file including spatial 

positional information indicating spatial positions of 
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respective pieces of partial Point Cloud data that 

represent individual parts into which the Point Cloud 

data is segmented, and grouping information that groups 

the partial Point Cloud data. 

[0015] 

        An information processing apparatus according to a 

second aspect of the present disclosure includes an 

encoding section that generates partial definition degree 

information representing definition degrees of encoded 

parts when Point Cloud data is encoded on a three-

dimensional structure base to generate encoded Point 

Cloud data streams.  The encoding section generates 

directional information indicating a direction pointing 

to an area of a relatively high image quality in a local 

coordinate system of the Point Cloud data, on the basis 

of the partial definition degree information. 

[0016] 

        An information processing method according to the 

second aspect of the present disclosure includes, by an 

information processing apparatus, generating partial 

definition degree information representing definition 

degrees of encoded parts when the information processing 

apparatus encodes Point Cloud data on a three-dimensional 

structure base to generate encoded data streams.  

Directional information indicating a direction pointing 
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to an area of a relatively high image quality is 

generated in a local coordinate system of the Point Cloud 

data, on the basis of the partial definition degree 

information. 

[0017] 

        According to the second aspect of the present 

disclosure, when Point Cloud data is encoded on a three-

dimensional structure base to generate encoded data 

streams, there is generated partial definition degree 

information representing definition degrees of encoded 

parts.  Furthermore, directional information indicating a 

direction pointing to an area of a relatively high image 

quality is generated in a local coordinate system of the 

Point Cloud data on the basis of the partial definition 

degree information. 

[Brief Description of Drawings] 

[0018] 

[FIG. 1] 

        FIG. 1 is a diagram that is illustrative of octree 

encoding. 

[FIG. 2] 

        FIG. 2 is a diagram illustrating an example in 

which a Point Cloud object is encoded at different 

definition degrees for respective parts thereof. 

[FIG. 3] 
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        FIG. 3 is a diagram illustrating an example of 

directions indicated by directional information. 

[FIG. 4] 

        FIG. 4 is a diagram illustrating an example of 

signaling of directional information. 

[FIG. 5] 

        FIG. 5 is a diagram illustrating an example of 

signaling of definition degree information. 

[FIG. 6] 

        FIG. 6 is a diagram illustrating an example of a 

signal location in DirectionInformationBox. 

[FIG. 7] 

        FIG. 7 is a diagram illustrating an example of a 

syntax in DirectionInformationBox. 

[FIG. 8] 

        FIG. 8 is a diagram illustrating an example of a 

Point Cloud object segmented into four parts. 

[FIG. 9] 

        FIG. 9 is a diagram illustrating an example of 

object boxes segmented into halves in an X-axis 

direction. 

[FIG. 10] 

        FIG. 10 is a diagram illustrating a definition of 

attributes of gpcc:blockInfo. 

[FIG. 11] 
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        FIG. 11 is a diagram illustrating an example of 

signaling of spatial positional information and grouping 

information of partial G-PCC streams. 

[FIG. 12] 

        FIG. 12 is a diagram illustrating a visual 

representation of spatial positional information. 

[FIG. 13] 

        FIG. 13 is a diagram illustrating an example of 

signaling of definition degree information of partial G-

PCC streams. 

[FIG. 14] 

        FIG. 14 is a block diagram illustrating a 

configurational example of a data generating device. 

[FIG. 15] 

        FIG. 15 is a block diagram illustrating a 

configurational example of a data reproducing device. 

[FIG. 16] 

        FIG. 16 is a flowchart that is illustrative of a 

generating process for generating files that store 

partial G-PCC streams. 

[FIG. 17] 

        FIG. 17 is a flowchart that is illustrative of a 

reproducing process for reproducing files that store 

partial G-PCC streams. 

[FIG. 18] 
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        FIG. 18 is a diagram that is illustrative of the 

need for direction corresponding information of partial 

G-PCC streams. 

[FIG. 19] 

        FIG. 19 is a diagram illustrating an example of 

signaling of the direction corresponding information of 

partial G-PCC streams. 

[FIG. 20] 

        FIG. 20 is a diagram that is illustrative of the 

need for spatial positional information and direction 

corresponding information that are changed dynamically. 

[FIG. 21] 

        FIG. 21 is a diagram illustrating an example of 

signaling of spatial positional information and direction 

corresponding information that are changed dynamically. 

[FIG. 22] 

        FIG. 22 is a diagram illustrating an example of a 

syntax of a sample entry of timed metadata. 

[FIG. 23] 

        FIG. 23 is a diagram illustrating an example of a 

syntax of a sample of timed metadata. 

[FIG. 24] 

        FIG. 24 is a diagram illustrating an example of 

signaling of spatial positional information at respective 

times. 
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[FIG. 25] 

        FIG. 25 is a diagram illustrating a signal example 

of BlockGroupBox. 

[FIG. 26] 

        FIG. 26 is a diagram illustrating an example of a 

syntax for signaling the spatial positional information 

of a partial G-PCC stream in BlockGroupBox. 

[FIG. 27] 

        FIG. 27 is a diagram that is illustrative of a 

manner in which partial G-PCC streams are generated by 

hierarchization. 

[FIG. 28] 

        FIG. 28 is a diagram illustrating an example of 

signaling of the spatial positional information of G-PCC 

streams to be combined. 

[FIG. 29] 

        FIG. 29 is a diagram illustrating a visual 

representation of spatial positional information. 

[FIG. 30] 

        FIG. 30 is a diagram illustrating an example in 

which track reference is applied. 

[FIG. 31] 

        FIG. 31 is a diagram illustrating an example of a 

syntax of CombinedAreaLodInfoBox(‘cloi’). 

[FIG. 32] 
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        FIG. 32 is a diagram illustrating an example of a 

syntax of BrickGroupEntry. 

[FIG. 33] 

        FIG. 33 is a diagram illustrating an example of a 

syntax of UnitMapEntry. 

[FIG. 34] 

        FIG. 34 is a diagram illustrating an example in 

which BrickGroupEntry and UnitMapEntry are applied. 

[FIG. 35] 

        FIG. 35 is a diagram that is illustrative of a 

manner in which a dynamic brick configuration is changed. 

[FIG. 36] 

        FIG. 36 is a diagram that is illustrative of a 

configuration of brick base track and brick track. 

[FIG. 37] 

        FIG. 37 is a diagram illustrating an example of 

signaling of the spatial positional information of brick. 

[FIG. 38] 

        FIG. 38 is a diagram illustrating an example of 

signaling of a rendering process. 

[FIG. 39] 

        FIG. 39 is a diagram illustrating a signal example 

of RenderingInformationBox. 

[FIG. 40] 

        FIG. 40 is a diagram illustrating an example of a 
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syntax of RenderingInformationBox. 

[FIG. 41] 

        FIG. 41 is a diagram illustrating an example of a 

syntax of a processing type for parts that are made high 

in definition. 

[FIG. 42] 

        FIG. 42 is a diagram illustrating an example of a 

syntax where a combined_track_exists field, a 

combined_track_id field, and a combined_area_type field 

are added. 

[FIG. 43] 

        FIG. 43 is a diagram illustrating an example of a 

syntax where a priority_flag field is added. 

[FIG. 44] 

        FIG. 44 is a diagram illustrating a Sample Group 

summary. 

[FIG. 45] 

        FIG. 45 is a block diagram illustrating a 

configurational example of a computer according to an 

embodiment of the present technology. 

[Description of Embodiment] 

[0019] 

        A specific embodiment of the present technology 

will hereinafter be described in detail with reference to 

the drawings. 
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[0020] 

        <Three points of the present disclosure> 

        First, a summary of first through third points 

representing features of the technology disclosed in the 

present embodiment will be described below.  For example, 

in a case in which a Point Cloud object is viewed on an 

HMD (Head Mounted Display) or a Flat Panel Display, there 

is used a viewing-direction-adaptive distribution 

technology based on a fact that surface shapes and colors 

on a side opposite a viewing direction cannot be seen. 

[0021] 

        The first point resides in that G-PCC streams 

generated by encoding parts of one Point Cloud object at 

different definition degrees for the respective parts are 

distributed.  For example, directional information 

representing a direction that points to high definition 

and definition degree information representing a 

definition degree in that direction are added to G-PCC 

streams.  With the added information, a client is able to 

acquire G-PCC streams where viewed parts are of high 

definition and parts other than the viewed parts are of 

low definition.  Therefore, the first point makes it 

possible to realize viewed parts of high definition by 

effectively utilizing a network bandwidth. 

[0022] 
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        The second point resides in that one Point Cloud 

object is segmented into a plurality of partial objects 

and partial G-PCC streams generated by encoding the 

individual partial objects at different definition 

degrees are distributed.  Furthermore, the second point 

proposes a first process of distributing partial G-PCC 

streams generated by spatial segmentation and a second 

process of distributing partial G-PCC streams generated 

by hierarchization. 

[0023] 

        For example, according to the first process of the 

second point, spatial positional information and 

definition degree information are added to each partial 

G-PCC stream.  With the added information, the client is 

able to acquire high-definition partial G-PCC streams for 

viewed parts and low-definition partial G-PCC streams for 

parts other than the viewed parts.  Therefore, the first 

process of the second point makes it possible to realize 

viewed parts of high definition by effectively utilizing 

the network bandwidth. 

[0024] 

        Moreover, according to the second process of the 

second point, information for identifying partial G-PCC 

streams to be combined for high definition is added to 

the information added to each partial G-PCC stream by the 
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first process of the second point.  With the added 

information, the client is able to acquire partial G-PCC 

streams in a combination required to make viewed parts 

high in definition.  Therefore, the second process of the 

second point also makes it possible to realize viewed 

parts of high definition by effectively utilizing the 

network bandwidth. 

[0025] 

        According to the third point, a rendering process 

is specified for low-definition parts of a Point Cloud 

object.  For example, information of a rendering process 

required to increase subjective quality of low-definition 

parts is added to G-PCC streams.  With the information, 

the client is able to identify the specified rendering 

process and, in a case in which the process is 

executable, to acquire the G-PCC streams to which the 

information of the rendering process has been added.  

Consequently, the third point makes it possible to 

maintain the subjective quality and to also reduce the 

network bandwidth required for G-PCC stream 

distributions. 

[0026] 

        Incidentally, the information added according to 

the first through third points is signaled by extending 

DASH MPD (Dynamic Adaptive Streaming over HTTP Media 
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Presentation Description) or ISOBMFF (ISO Base Media File 

Format). 

[0027] 

        <First point> 

        The first point for distributing G-PCC streams 

generated by encoding parts at different definition 

degrees will be described below with reference to FIGS. 2 

through 7. 

[0028] 

        As illustrated in FIG. 2, when G-PCC streams are to 

be generated, it is possible to encode parts of a Point 

Cloud object at different definition degrees by changing 

fineness (octree depth) with which Voxels are demarcated 

in each of the parts. 

[0029] 

        In the example illustrated in FIG. 2, a Point Cloud 

object is segmented into eight parts.  Two out of the 

parts that are indicated hatched in grey are encoded in 

high definition (depth=10), and the remaining parts are 

encoded in low definition (depth=5). 

[0030] 

        With the parts thus encoded, the client is able to 

acquire encoded high-definition G-PCC streams for viewed 

parts and encoded low-definition G-PCC streams for the 

other parts.  It is thus possible to realize viewed parts 
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of high definition by effectively utilizing the network 

bandwidth.  At this time, since the definition degree of 

each part cannot be identified unless the G-PCC stream is 

decoded, when the client selects and acquires G-PCC 

streams on a server, it is necessary for the client to be 

able to identify G-PCC streams for high-definition viewed 

parts. 

[0031] 

        For example, such an identification capability is 

required in selecting streams of high image quality for 

regions of a 360 entire-celestial-sphere image depending 

on a viewing direction.  Specifically, in the case of 

streams of high image quality for regions of a 360 

entire-celestial-sphere image, since a position of a 

viewpoint is fixed, parts that are viewed by a user 

depends only on the viewing direction.  Consequently, it 

is general practice to add information corresponding to 

the viewing direction of the regions of high image 

quality to the streams of high image quality for the 

regions of the 360 entire-celestial-sphere image. 

[0032] 

        On the other hand, in the case of G-PCC streams 

according to the present technology, one part of a Point 

Cloud object can be viewed in different viewing 

directions from various viewpoint positions.  Therefore, 
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even though the client refers to information 

corresponding to the viewing direction as used on a 360 

entire-celestial-sphere image, the client is unable to 

appropriately acquire G-PCC streams for high-definition 

viewed parts. 

[0033] 

        In this respect, according to the first point, it 

is proposed to signal a direction pointing to high 

definition with regard to G-PCC streams.  With this 

proposal, it is possible for the client to select and 

acquire G-PCC streams for high-definition viewed parts 

depending on the viewing direction and the viewpoint 

position. 

[0034] 

        According to the first point, further, it is 

proposed to signal the definition degree information for 

a direction pointing to high definition of G-PCC streams.  

With this proposal, in a case in which the viewed part of 

a G-PCC stream has changed, it is possible for the G-PCC 

stream to switch to a G-PCC stream where the definition 

degree of a new viewed part is equivalent to the 

definition degree of the previous viewed part that has 

changed.  For example, in a case in which the definition 

degree changes largely due to a change of the viewed 

part, it is expected that the user’s viewing experience 
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might be impaired.  However, the user’s viewing experience 

can be prevented from being impaired by suppressing the 

definition degree from changing despite the change of the 

viewed part. 

[0035] 

        Extension of DASH MPD will be described below with 

reference to FIGS. 3 through 5. 

[0036] 

        For example, as the information of a direction 

pointing to high definition of G-PCC streams, a high lod 

direction descriptor (SupplementalProperty of 

schemeIdUri=”urn:mpeg:mepgI:gpcc:high_lod_direction:2018”

) is newly defined and signaled in AdaptationSet.  In 

other words, the information of a direction pointing to 

high definition is signaled in a direction attribute of a 

gpcc:directionInfo element. 

[0037] 

        Further, as illustrated in FIG. 3, values that can 

be taken by the direction attribute can be signaled in 

six directions of 0: X+, 1: Y+, 2: X-, 3: Y-, 4: Z+, and 

5: Z- on the basis of a local coordinate system of the 

Point Cloud.  In addition, directions may be signaled at 

smaller granularities such as 45° intervals. 

[0038] 

        Incidentally, a plurality of directions may be 
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rendered high in definition in one G-PCC stream.  In this 

case, the directions may be signaled using a plurality of 

gpcc:directionInfo elements.  Moreover, “gpcc:” is a name 

space prefix and shall use a name space of 

“urn:mpeg:mpegI:gpcc:2018,” for example. 

[0039] 

        FIG. 4 illustrates an example of signaling of 

directional information.  Directional information is 

signaled at locations indicated by bold letters in FIG. 

4. 

[0040] 

        For example, in a case in which the user is viewing 

a part of a Point Cloud in the X+ direction of the local 

coordinate system, the client can refer to the high lod 

direction descriptor and select AdaptationSet@id=1 to 

acquire a high-definition part.  This makes it possible to 

display the Point Cloud that makes the user’s viewed part 

high in definition. 

[0041] 

        Furthermore, the definition degree information that 

represents the definition degree in a direction pointing 

to high definition is added to the high lod direction 

descriptor and signaled in Representation.  For example, 

definition degree ranking information is signaled in a 

lod_ranking attribute of the gpcc:directionInfo element.  
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The definition degree ranking indicates that the smaller 

its value is, the higher the definition degree is. 

[0042] 

        FIG. 5 illustrates an example of signaling of 

definition degree information.  Definition degree 

information is signaled at locations indicated by bold 

letters in FIG. 5. 

[0043] 

        For example, in a case in which the user is viewing 

a part of a Point Cloud in the X+ direction of the local 

coordinate system, and the client is reproducing 

Representation@id=”1-1,” it is assumed that the viewpoint 

position and the viewing direction have changed for the 

user to view a part in the Y+ direction.  At this time, 

the client can select Representation@id=”2-1” of 

AdaptationSet@id=”2” and acquire a part of the same 

definition degree as that before the viewpoint position 

and the viewing direction has changed.  Therefore, the 

definition degree is restrained from changing largely due 

to the change of the viewed part, preventing the user’s 

viewing experience from being impaired. 

[0044] 

        Incidentally, rather than the definition degree 

ranking information, a value of the octree depth in the 

direction pointing to high definition may be signaled as 
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the definition degree information in the direction 

pointing to high definition. 

[0045] 

        Expansion of ISOBMFF will be described below with 

reference to FIGS. 6 and 7. 

[0046] 

        For example, as the directional information 

representing a direction that points to high definition 

and the definition degree information representing a 

definition degree in the direction that points to high 

definition, DirectionInformationBox(‘diri’) is newly 

defined and signaled. 

[0047] 

        Then, as illustrated in FIG. 6, the directional 

information and the definition degree information 

(‘diri’) of a G-PCC stream stored in an ISOBMFF track are 

signaled in a sample entry of the track.  Therefore, the 

client is able to select a track for making a viewed part 

high in definition out of a plurality of tracks included 

in ISOBMFF, on the basis of the directional information 

and the definition degree information, and reproduce the 

viewed part with high definition. 

[0048] 

        FIG. 7 illustrates an example of a syntax in 

directionInformationBox. 
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[0049] 

        In the syntax illustrated in FIG. 7, semantics of a 

high_lod_direction field and a lod_ranking field are 

similar to an attribute having the same name of the 

gpcc:directionInfo element of the high lod direction 

descriptor. 

[0050] 

        Incidentally, rather than the definition degree 

ranking information, the value of the octree depth in the 

direction pointing to high definition may be signaled as 

the definition degree information in the direction 

pointing to high definition.  Moreover, the definition 

degree information (‘diri’) may be signaled in locations 

other than the sample entry of the ISOBMFF track. 

[0051] 

        <Second point> 

        The second point for distributing partial G-PCC 

streams generated by encoding partial objects at 

different definition degrees will be described below with 

reference to FIGS. 8 through 37. 

[0052] 

        For example, one Point Cloud object is segmented 

into plural partial Point Cloud objects, and partial G-

PCC streams are generated by encoding the partial Point 

Cloud objects.  When the partial Point Cloud objects are 
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encoded, the octree depth is changed such that the 

partial G-PCC streams have respective definition degree 

variations.  With the definition degree variations, the 

client can acquire partial G-PCC streams such that viewed 

parts are of high definition and other parts are of low 

definition, thereby making it possible to realize viewed 

parts of high definition by effectively utilizing the 

network bandwidth. 

[0053] 

        At this time, it is necessary to identify which 

part of the Point Cloud object a partial G-PCC stream 

corresponds to, and to also identify the definition 

degree information of the partial G-PCC stream without 

decoding it.  In other words, when the client selects and 

acquires G-PCC streams on the server, it is necessary to 

appropriately select partial G-PCC streams for making 

viewed parts high in definition. 

[0054] 

        The first process of the second point for 

distributing partial G-PCC streams generated by spatial 

segmentation will be described below with reference to 

FIGS. 8 through 26. 

[0055] 

        As illustrated in FIG. 8, partial Point Clouds are 

generated by spatially segmenting one Point Cloud object, 
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and partial G-PCC streams can be generated and 

distributed by encoding the partial Point Clouds.  FIG. 8 

illustrates an example of a Point Cloud object spatially 

segmented into four parts. 

[0056] 

        At this time, the spatial positional information of 

the partial G-PCC streams and grouping information of the 

partial G-PCC streams that make up the one whole Point 

Cloud object are signaled.  Furthermore, the definition 

degree information of the partial G-PCC streams is 

signaled. 

[0057] 

        The client is thus able to acquire partial G-PCC 

streams for making viewed parts high in definition by 

referring to the grouping information and the definition 

degree information of the partial G-PCC streams. 

[0058] 

        Here, a process of spatial segmentation and spatial 

positional information will be described below. 

[0059] 

        For example, a shape of a Point Cloud object 

changes frame by frame at most.  Therefore, spatial 

segmentation is performed by applying a constant 

segmentation rule that does not depend on changes in the 

shape of a Point Cloud object.  Specifically, a partial 
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Point Cloud object included in a cuboidal block 

(hereinafter referred to as a block) that occupies a 

spatial position that is relatively identical to a box 

including a whole Point Cloud object (hereinafter 

referred to as an object box) is encoded as one partial 

G-PCC stream. 

[0060] 

        FIG. 9 illustrates an example of object boxes 

segmented into halves in an X-axis direction. 

[0061] 

        As illustrated in FIG. 9, an object box including a 

whole Point Cloud object at time t0 is segmented into 

halves as partial Point Cloud objects t0-a and t0-b in 

the X-axis direction.  Similarly, an object box is 

segmented into partial Point Cloud objects t1-a and t1-b 

at time t1, and an object box is segmented into partial 

Point Cloud objects t2-a and t2-b at time t2.  G-PCC 

streams of a include the partial Point Cloud object t0-a, 

the partial Point Cloud object t1-a, and the partial 

Point Cloud object t2-a, whereas G-PCC streams of b 

include the partial Point Cloud object t0-b, the partial 

Point Cloud object t1-b, and the partial Point Cloud 

object t2-b. 

[0062] 

        According to this process, the relative spatial 



 28  

positions of the partial Point Cloud objects included in 

the partial G-PCC streams with respect to the whole Point 

Cloud object remain dynamically unchanged.  In a case in 

which the relative spatial positions are dynamically 

changed, the relation between viewed parts and partial G-

PCC streams that include the viewed parts is dynamically 

changed.  Therefore, in a case in which the client 

acquires G-PCC streams for making the viewed parts high 

in definition, even if the viewed parts are unchanged, it 

is necessary to switch between high-definition G-PCC 

streams that are acquired.  The process of spatial 

segmentation thus makes it unnecessary to switch between 

high-definition G-PCC streams that are acquired, when the 

viewed parts are unchanged. 

[0063] 

        Extension of DASH MPD will be described below with 

reference to FIGS. 10 through 13. 

[0064] 

        For example, as the spatial positional information 

and grouping information of partial G-PCC streams, a 

block information descriptor (SupplementalProperty of 

schemeIdUri=”urn:mpeg:mepgI:gpcc:block_information:2018”) 

is newly defined and signaled in AdaptationSet. 

[0065] 

        As illustrated in FIG. 10, the spatial positional 
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information is indicated by attributes of block_offset_x, 

block_offset_y, block_offset_z, block_size_x, 

block_size_y, and block_size_z of a gpcc:blockInfo 

element.  These attributes are signaled as relative values 

at the time when each of sides of the object box along 

x-, y-, and z-axes is represented by 1.  The position and 

shape of the block and the position and shape of a 

bounding box at the time when the partial Point Cloud 

objects are G-PCC-encoded shall be the same as each 

other.  In a case in which either one of the position and 

shape of the block is different from the position or 

shape of the bounding box at the time when the partial 

Point Cloud objects are G-PCC-encoded, it is sufficient 

if information representing the position and shape of the 

block in the bounding box is separately signaled. 

[0066] 

        Furthermore, the grouping information is indicated 

by an object_id attribute of the gpcc:blockInfo element.  

Object_id attributes of the same value are signaled for 

partial G-PCC streams that make up one Point Cloud 

object. 

[0067] 

        FIG. 11 illustrates an example of signaling of the 

spatial positional information and grouping information 

of partial G-PCC streams.  The spatial positional 
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information and grouping information of partial G-PCC 

streams are signaled at locations indicated by bold 

letters in FIG. 11. 

[0068] 

        FIG. 12 is a diagram illustrating a visual 

representation of spatial positional information that is 

signaled by block information descriptors of respective 

AdaptationSets. 

[0069] 

        Incidentally, providing that an attribute for 

signaling definition degree information is added to a 

gpcc:blockInfo element and then a plurality of 

gpcc:blockInfo elements is signaled by a block 

information descriptor, it is possible to signal 

definition degree information at each spatial position of 

one G-PCC stream.  For example, in the first point 

described above, a process of selecting G-PCC streams for 

high-definition viewed parts may be carried out by 

referring to the extended block information descriptor. 

[0070] 

        In addition, according to a modification of spatial 

positional information signaling, sizes of the sides of 

an object box along x-, y-, and z-axes may be signaled, 

and block_offset_x, block_offset_y, block_offset_z, 

block_size_x, block_size_y, and block_size_z may be 
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signaled by relative values with respect to the sizes. 

[0071] 

        Furthermore, as the definition degree information 

of partial G-PCC streams, a lod direction descriptor 

(SupplementalProperty of 

schemeIdUri=”urn:mpeg:mepgI:gpcc:lod_information:2018”) 

is newly defined and signaled in Representation.  For 

example, definition degree ranking information is 

signaled in the lod_ranking attribute of a gpcc:lodInfo 

element.  The definition degree ranking indicates that the 

smaller its value is, the higher the definition degree 

is. 

[0072] 

        FIG. 13 illustrates an example of signaling of the 

definition degree information of partial G-PCC streams.  

The definition degree information of partial G-PCC 

streams is signaled at locations indicated by bold 

letters in FIG. 13. 

[0073] 

        Here, signaling of block information descriptors of 

respective AdaptationSets is similar to those illustrated 

above in FIG. 11. 

[0074] 

        Incidentally, the value of an octree depth, rather 

than the definition degree ranking information, may be 
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signaled as the definition degree information. 

[0075] 

        Further, in a case in which the client is viewing 

from the X+ direction in the example illustrated in FIG. 

13, Adaptation Set@id=”2” that refers to the partial G-

PCC stream of block b illustrated in FIG. 12 selects 

Representation of high definition (where the value of 

lod_ranking is small).  Furthermore, in this case, 

AdaptationSet@id=”1” that refers to the partial G-PCC 

stream of block a selects Representation of low 

definition (where the value of lod_ranking is large).  

Then, by acquiring partial G-PCC streams according to 

these selections, it is possible to realize viewed parts 

of high definition by effectively utilizing the network 

bandwidth.  For example, partial G-PCC streams that two 

Representations including Representation@id=”1-2” and 

Representation@id=”2-1” refer to are acquired. 

[0076] 

        <System configurations> 

        System configurations of a data generating device 

and a data reproducing device to which the present 

technology is applied will be described below with 

reference to FIGS. 14 and 15. 

[0077] 

        FIG. 14 is a block diagram illustrating a 
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configurational example of the data generating device. 

[0078] 

        As illustrated in FIG. 14, the data generating 

device, denoted by 11, includes a controller 21, a memory 

22, and a file generating section 23.  For example, the 

memory 22 stores various kinds of data required for the 

controller 21 to control the file generating section 23, 

and the controller 21 refers to the data to control the 

file generating section 23 to generate files. 

[0079] 

        The file generating section 23 includes a data 

inputting section 31, a data encoding and generating 

section 32, an MPD (Media Presentation Description) file 

generating section 33, a recording section 34, and an 

outputting section 35.  For example, data that is input to 

the data inputting section 31 is supplied to the data 

encoding and generating section 32 and the MPD file 

generating section 33.  Files generated by the data 

encoding and generating section 32 and MPDs generated by 

the MPD file generating section 33 are output from the 

outputting section 35 through the recording section 34, 

and recorded in a recording medium, for example. 

[0080] 

        The data encoding and generating section 32 has a 

pre-processing section 36, an encoding section 37, and a 
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file generating section 38. 

[0081] 

        The pre-processing section 36 performs a process of 

segmenting a Point Cloud object input from the data 

inputting section 31 to generate partial Point Cloud 

objects and simultaneously generating spatial positional 

information and grouping information. 

[0082] 

        The encoding section 37 G-PCC-encodes the partial 

Point Cloud objects to generate partial G-PCC streams and 

simultaneously generates definition degree information. 

[0083] 

        The file generating section 38 stores the partial 

G-PCC streams in individual files and supplies the files 

to the recording section 34. 

[0084] 

        FIG. 15 is a block diagram illustrating a 

configurational example of the data reproducing device. 

[0085] 

        As illustrated in FIG. 15, the data reproducing 

device, denoted by 12, includes a controller 41, a memory 

42, and a reproduction processing section 43.  For 

example, the memory 42 stores various kinds of data 

required for the controller 41 to control the 

reproduction processing section 43, and the controller 41 
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refers to the data to control the reproduction processing 

section 43 to reproduce a Point Cloud. 

[0086] 

        The reproduction processing section 43 includes an 

acquiring section 51, a display controlling section 52, a 

data analyzing and decoding section 53, and a displaying 

section 54.  For example, files and MPDs acquired by the 

acquiring section 51, i.e., read from a recording medium 

or the like, are supplied to the data analyzing and 

decoding section 53.  Then, display screens generated by 

the data analyzing and decoding section 53 according to 

display control by the display controlling section 52 are 

displayed by the displaying section 54. 

[0087] 

        The data analyzing and decoding section 53 has a 

file analyzing section 55, a decoding section 56, and a 

display information generating section 57. 

[0088] 

        The file analyzing section 55 analyzes meta data 

where various kinds of information described above are 

signaled. 

[0089] 

        Moreover, the decoding section 56 performs a 

process of decoding partial G-PCC streams. 

[0090] 
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        Furthermore, the display information generating 

section 57 reconstructs a Point Cloud object on the basis 

of spatial positional information, renders a Point Cloud 

to generate a display screen, and controls the displaying 

section 54 to display the display screen. 

[0091] 

        <Generating process and reproducing process> 

[0092] 

        FIG. 16 is a flowchart that is illustrative of a 

generating process in which the data encoding and 

generating section 32 of the data generating device 11 

generates files that store partial G-PCC streams. 

[0093] 

        In step S11, the pre-processing section 36 segments 

a Point Cloud object to generate partial Point Cloud 

objects and simultaneously generates spatial positional 

information and grouping information. 

[0094] 

        In step S12, the encoding section 37 G-PCC-encodes 

the partial Point Cloud objects to generate partial G-PCC 

streams, and simultaneously generates definition degree 

information. 

[0095] 

        In step S13, the file generating section 38 stores 

the partial G-PCC streams in individual files and stores 
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the files in the recording section 34. 

[0096] 

        In step S14, the MPD file generating section 33 

generates MPDs including the spatial positional 

information, the grouping information, and the definition 

degree information of the partial G-PCC streams and 

supplies the generated MPDs to the recording section 34.  

Then, after the MPDs together with the files where the 

partial G-PCC streams are stored are output from the 

recording section 34 via the outputting section 35, the 

generating process is ended. 

[0097] 

        FIG. 17 is a flowchart that is illustrative of a 

reproducing process in which the data reproducing device 

12 reproduces files that store partial G-PCC streams. 

[0098] 

        In step S21, the acquiring section 51 acquires 

MPDs. 

[0099] 

        In step S22, the display controlling section 52 

distinguishes AdaptationSets of partial G-PCC streams 

that can be viewed from a present field of vision from 

AdaptationSets of partial G-PCC streams that cannot be 

viewed, on the basis of the spatial positional 

information of the MPDs acquired by the acquiring section 
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51 in step S21. 

[0100] 

        In step S23, the display controlling section 52 

selects high-definition Representation with respect to 

partial G-PCC streams that can be viewed from the present 

viewpoint position and field-of-vision direction, on the 

basis of the definition degree information of the MPDs. 

[0101] 

        In step S24, the display controlling section 52 

selects low-definition Representation with respect to 

partial G-PCC streams that cannot be viewed from the 

present viewpoint position and field-of-vision direction, 

on the basis of the definition degree information of the 

MPDs. 

[0102] 

        In step S25, the acquiring section 51 acquires all 

the partial G-PCC streams referred to from the 

Representation selected by the display controlling 

section 52 in steps S23 and S24 and supplies the acquired 

partial G-PCC streams to the data analyzing and decoding 

section 53. 

[0103] 

        In step S26, the decoding section 56 of the data 

analyzing and decoding section 53 decodes the acquired 

partial G-PCC streams, and the display information 
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generating section 57 thereof reconstructs the Point 

Cloud object on the basis of the spatial positional 

information and renders a display screen.  Then, the 

display screen rendered by the display information 

generating section 57 is displayed by the displaying 

section 54. 

[0104] 

        In step S27, the display controlling section 52 

determines whether or not the terminal end of the streams 

has been reached.  In a case in which the display 

controlling section 52 determines that the terminal end 

of the streams has not been reached in step S27, then 

control goes to step S28. 

[0105] 

        In step S28, the display controlling section 52 

determines whether or not the field-of-vision direction 

has been changed.  In a case in which the display 

controlling section 52 determines that the field-of-

vision direction has not been changed, then control goes 

back to step S26.  In a case in which the display 

controlling section 52 determines that the field-of-

vision direction has been changed, then control returns 

to step S22 and a similar processing sequence is 

repeated. 

[0106] 



 40  

        On the other hand, in a case in which the display 

controlling section 52 determines that the terminal end 

of the streams has been reached in step S27, then the 

processing sequence is ended. 

[0107] 

        Incidentally, it is assumed that mere signaling of 

the spatial positional information referred to above may 

lead to a situation where all the partial G-PCC streams 

that can be viewed from a particular viewing direction 

cannot be identified. 

[0108] 

        For example, a region indicated hatched in FIG. 18 

exists in a partial G-PCC stream a and can be viewed from 

the viewing direction indicated by an arrow in FIG. 18.  

At this time, in order to make the viewable part high in 

definition, it is necessary to acquire the partial G-PCC 

stream a in high definition in addition to a partial G-

PCC stream b that is identified as a viewed part on the 

basis of spatial positional information.  However, since 

the partial G-PCC stream a is acquired in low definition 

with only the signaling of the spatial positional 

information referred to above, a high-quality G-PCC 

stream distribution cannot be achieved. 

[0109] 

        Now, information for identifying all partial G-PCC 
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streams that are needed for displaying is added to each 

direction based on the local coordinate system of the 

Point Cloud object. 

[0110] 

        For example, the direction corresponding 

information of the partial G-PCC streams is signaled by 

extending a block information descriptor.  Specifically, 

the direction attribute of a gpcc:directionInfo element 

is added. 

[0111] 

        FIG. 19 illustrates an example of signaling of the 

direction corresponding information of partial G-PCC 

streams.  The direction corresponding information of 

partial G-PCC streams is signaled at locations indicated 

by bold letters in FIG. 19. 

[0112] 

        For example, Adaptation Set@id=”1” corresponds to a 

partial G-PCC stream a in FIG. 18 and indicates a partial 

G-PCC stream required for viewing in all the directions 

X+, Y+, X-, Y-, Z+, and Z-.  Moreover, Adaptation 

Set@id=”2” corresponds to a partial G-PCC stream b and 

indicates a partial G-PCC stream required for viewing in 

the directions X+, Y+, Y-, Z+, and Z-, and is not 

required for viewing in the direction X-. 

[0113] 
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        By thus signaling the direction corresponding 

information, it is possible to properly identify partial 

G-PCC streams required for the viewing direction of the 

client and acquire them all in high definition. 

[0114] 

        Incidentally, in a case in which one partial G-PCC 

stream corresponds to a plurality of directions, 

directional information may not be signaled by blank 

separators in the direction attribute, but a plurality of 

gpcc:directionInfo elements may be signaled.  Moreover, 

only the direction corresponding information of partial 

G-PCC streams may be signaled by individual descriptors. 

[0115] 

        Furthermore, in the case in which a 

gpcc:directionInfo element is signaled, a gpcc:blockInfo 

element may not be signaled, but may be used together 

therewith.  In the case in which a gpcc:blockInfo element 

is used together with a gpcc:directionInfo element, all 

partial G-PCC streams required to display viewed parts 

can be identified by referring to the gpcc:directionInfo 

element, and then the definition degree per block can 

finely be changed by referring to the gpcc:blockInfo 

element. 

[0116] 

        Incidentally, in a case in which an outer shape of 
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a Point Cloud object changes largely over time, 

generating point-free empty partial G-PCC streams, there 

is concern about a failure to appropriately perform an 

acquiring process depending on viewed parts. 

[0117] 

        The need for spatial positional information and 

direction corresponding information that are changed 

dynamically will be described below with reference to 

FIG. 20. 

[0118] 

        As illustrated in an upper section of FIG. 20, in 

the case in which the client makes viewed parts high in 

definition, the client acquires two partial G-PCC streams 

including block b and block d, respectively, that 

correspond to the viewed parts, in high definition 

(depth=10).  Thereafter, as illustrated in a lower section 

of FIG. 20, in a case in which the outer shape of the 

Point Cloud object changes at time tN, the client 

acquires the partial G-PCC stream including block b in 

high definition though block b is empty. 

[0119] 

        Consequently, in order to make the viewed parts in 

high definition at time tN, it is necessary to acquire 

partial G-PCC streams including block a and block d, 

respectively. 
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[0120] 

        Now, direction corresponding information and 

spatial positional information that are changed 

dynamically are added.  Specifically, a dynamic block 

information descriptor (SupplementalProperty of 

schemeIdUri=”urn:mpeg:mepgI:gpcc:dynamic_block_informatio

n:2018”) is newly defined and signaled in AdaptationSet. 

[0121] 

        For example, id of Representation that refers to 

timed metadata linked to partial G-PCC streams that 

Representation in AdaptationSet refers to and signaling 

spatial positional information and direction 

corresponding information that are changed dynamically is 

signaled in a block_info_id attribute of a gpcc:dynamic 

BlockInfo element.  Incidentally, the object_id attribute 

is as described above. 

[0122] 

        Moreover, Representation@associationId and 

Representation@associationType are used for 

Representation that refers to timed metadata, in order to 

link this Representation to Representation of partial G-

PCC streams to which spatial positional information and 

direction corresponding information that are changed 

dynamically are applied.  Furthermore, “dbif” indicating 

spatial positional information and direction 
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corresponding information that are changed dynamically is 

signaled in associationType. 

[0123] 

        FIG. 21 illustrates an example of signaling of 

spatial positional information and direction 

corresponding information that are changed dynamically.  

Spatial positional information and direction 

corresponding information that are changed dynamically 

are signaled at locations indicated by bold letters in 

FIG. 21. 

[0124] 

        Specifically, direction corresponding information 

at each time is signaled in a sample of the timed 

metadata described above.  This makes it possible to 

signal information indicating which direction each block 

corresponds to at each time. 

[0125] 

        FIG. 22 illustrates an example of a syntax of a 

sample entry of timed metadata, and FIG. 23 illustrates 

an example of a syntax of a sample of timed metadata. 

[0126] 

        Incidentally, semantics of a direction field is 

similar to the direction attribute of the 

gpcc:directionInfo element of the block information 

descriptor. 
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[0127] 

        Furthermore, as illustrated in FIG. 24, spatial 

positional information at each time may be signaled.  

Since this allows a spatial segmentation process to be 

changed, it is possible to perform spatial segmentation 

such that no empty block will be produced. 

[0128] 

        Incidentally, semantics of each field is similar to 

the attribute having the same name of the gpcc:blockInfo 

element of the block information descriptor. 

[0129] 

        With such signaling, the client can refer to 

spatial positional information and direction 

corresponding information that are changed dynamically, 

and can appropriately acquire partial G-PCC streams for 

making viewed parts high in definition even in a case in 

which the outer shape of a Point Cloud object dynamically 

changes largely. 

[0130] 

        Extension of ISOBMFF will be described below with 

reference to FIGS. 25 and 26. 

[0131] 

        For example, partial G-PCC streams are stored in 

respective tracks of an ISOBMFF file.  At this time, in 

order to clearly indicate a group of tracks that makes up 
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one Point Cloud object, the tracks are grouped using a 

track group function defined by ISOBMFF. 

[0132] 

        Specifically, as illustrated in FIG. 25, 

TrackGroupTypeBox is extended, and BlockGroupBox(‘blgp’) 

is newly defined.  In other words, tracks where 

BlockGroupBox of the same track_group_id is signaled 

indicate that partial G-PCC streams making up the same 

Point Cloud object are stored. 

[0133] 

        For example, as with the DASH MPD extension, the 

spatial positional information, definition degree 

information, and direction corresponding information of 

partial G-PCC streams and reference information to timed 

metadata having spatial positional information and 

direction corresponding information that are changed 

dynamically are signaled in BlockGroupBox.  Incidentally, 

the timed metadata having spatial positional information 

and direction corresponding information that are changed 

dynamically is stored in tracks that are linked by a 

track reference of reference_type=’dbif’ to tracks that 

store partial G-PCC streams to which the timed metadata 

is applied. 

[0134] 

        The client is thus able to select tracks by 
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referring to the information of this blgp and 

preferentially decode partial G-PCC streams corresponding 

to the viewed parts. 

[0135] 

        FIG. 26 illustrates an example of a syntax for 

signaling the spatial positional information of a partial 

G-PCC stream in BlockGroupBox.  Here, the semantics of 

each field are similar to the attribute having the same 

name of the gpcc:blockInfo element of the block 

information descriptor. 

[0136] 

        Incidentally, a grouping may be signaled using 

EntityToGroupBox rather than the track group function.  In 

addition, the definition degree information may be 

signaled in a sample entry of a track as an individual 

Box.  Moreover, the spatial positional information and 

direction corresponding information that are changed 

dynamically may be signaled in a sample group. 

[0137] 

        Furthermore, providing a new Box having spatial 

positional information and definition degree information 

per spatial position is defined, it is possible to signal 

the definition degree information per spatial position 

for one G-PCC stream.  Tracks storing G-PCC streams for 

high-definition viewed parts may be selected by referring 
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to this Box. 

[0138] 

        The second process of the second point for 

distributing partial G-PCC streams generated by spatial 

segmentation will be described below with reference to 

FIGS. 27 through 29. 

[0139] 

        As illustrated in FIG. 27, the second process 

refers to a process of hierarchizing one Point Cloud 

object into a low-definition whole Point Cloud object and 

partial Point Cloud objects for making parts thereof high 

in definition, encoding those objects to generate partial 

G-PCC streams, and distributing the partial G-PCC 

streams.  FIG. 27 illustrates an example in which a Point 

Cloud object is hierarchized into a low-definition whole 

Point Cloud object and two partial Point Cloud objects. 

[0140] 

        For example, partial G-PCC streams for making parts 

high in definition have the following variations. 

        · Partial G-PCC streams that are of high definition 

on their own (variation 1) 

        · Partial G-PCC streams that are of low definition 

on their own and make up high-definition parts in 

combination with a low-definition whole G-PCC stream 

(variation 2) 
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        Incidentally, partial G-PCC streams that make parts 

high in definition according to the variation 2 have 

points that do not overlap the low-definition whole G-PCC 

stream. 

[0141] 

        With regard to the variation 1, by using the 

signaling similar to the first process of the second 

point, the client is able to identify the spatial 

positional information, grouping information, and 

definition degree information of a whole G-PCC stream and 

partial G-PCC streams and to acquire whole and partial G-

PCC streams that make viewed parts high in definition. 

[0142] 

        With regard to the variation 2, though the similar 

signaling can be used, the client is unable to identify 

partial G-PCC stream and a whole G-PCC stream to be 

combined with each other for making viewed parts high in 

definition.  Therefore, the client is unable to acquire 

appropriate G-PCC streams for making viewed parts high in 

definition. 

[0143] 

        Now, information for linking partial G-PCC stream 

and a whole G-PCC stream to be combined with each other 

for making viewed parts high in definition is signaled.  

Thus, the client is able to acquire partial G-PCC streams 
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for making viewed parts high in definition according to 

the variation 2 by referring to the information. 

[0144] 

        Next, extension of DASH MPD will be described below 

with reference to FIGS. 28 and 29. 

[0145] 

        For example, using associationId and assocationType 

prescribed by MPEG-DASH, partial G-PCC streams and a 

whole G-PCC stream for making up high-definition parts in 

combination are linked to each other. 

[0146] 

        Then, Representation@id of the whole G-PCC stream 

to be combined is signaled in associationId in 

Representation of the partial G-PCC streams.  Furthermore, 

“pbas” indicating that the linked Representation refers 

to the whole G-PCC stream that can achieve high 

definition in combination with the partial G-PCC streams 

is signaled in associationType. 

[0147] 

        The definition degree information that indicates 

the result of the combination of both of the G-PCC 

streams is signaled in gpcc:combinedAreaLodInfo by 

extending the lod information descriptor defined by the 

first process of the second point described above.  

Furthermore, Representation@id of the whole G-PCC stream 
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to be combined is signaled in a combined_rep_id 

attribute, and the definition degree information that 

indicates the result of the combination of both of the G-

PCC streams is signaled in a lod_ranking attribute. 

[0148] 

        FIG. 28 illustrates an example of signaling the 

spatial positional information of the G-PCC streams to be 

combined.  In FIG. 28, the spatial positional information 

of the G-PCC streams to be combined is signaled at 

locations indicated by bold letters. 

[0149] 

        FIG. 29 illustrates a visual representation of the 

spatial positional information signaled as illustrated in 

FIG. 28. 

[0150] 

        Incidentally, no linking by associationId and 

assocationType indicates that high definition is achieved 

by partial G-PCC streams on their own. 

[0151] 

        Further, in a case in which partial G-PCC streams 

are of low definition and are to be inhibited from being 

reproduced on their own, linking is accomplished by 

dependencyId rather than associationId.  Alternatively, a 

descriptor for inhibiting individual reproduction may be 

defined using SupplementalProperty or EssentialProperty. 
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[0152] 

        Moreover, partial G-PCC streams may be referred to 

from a whole G-PCC stream, using associationId and 

assocationType. 

[0153] 

        With this signaling, the client is able to acquire 

suitable G-PCC streams for making viewed parts high in 

definition in combination with each other. 

[0154] 

        Incidentally, this signaling can also be used for 

producing high-definition parts by combining low-

definition partial G-PCC streams with each other. 

[0155] 

        Next, extension of ISOBMFF will be described below 

with reference to FIGS. 30 and 31. 

[0156] 

        As illustrated in FIG. 30, partial G-PCC streams 

generated by hierarchization are stored in respective 

tracks of an ISOBMFF file.  At this time, partial G-PCC 

streams and a whole G-PCC stream that produce high-

definition parts in combination with each other are 

linked to each other by using the principle of a track 

reference defined by ISOBMFF.  Incidentally, the 

reference_type is set to ‘pbas.’ 

[0157] 
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        For example, track#3 stores a low-definition whole 

G-PCC stream, and track#1 and track#2 store partial G-PCC 

streams corresponding to respective different parts of a 

whole Point Cloud object.  Then, tref of 

reference_type=’pbas’ indicates that high-definition 

parts are produced in combination with the whole G-PCC 

stream in track#3. 

[0158] 

        The client is thus able to select and reproduce 

tracks storing suitable G-PCC streams that make viewed 

parts high in definition in combination with each other, 

according to signaling of the track reference. 

[0159] 

        Furthermore, CombinedAreaLodInfoBox(‘cloi’) for 

signaling definition degree information that indicates 

the result of the combination of a plurality of G-PCC 

streams is newly defined and signaled in BlockGroupBox 

defined by the first process of the second point 

described above. 

[0160] 

        FIG. 31 illustrates a syntax of 

CombinedAreaLodInfoBox(‘cloi’). 

[0161] 

        As illustrated in FIG. 31, definition degree 

information in combination with a track indicated by a 
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combined_track_id field is signaled in a lod_ranking 

field.  The semantics of the lod_ranking field is similar 

to the field having the same name of 

DirectionInformationBox according to the first point 

described above. 

[0162] 

        The second point described above is applicable to 

3D objects in general, for example, not only objects 

including G-PCC streams, but also objects including 

Video-based-PCC(V-PCC)-encoded streams, mesh streams, and 

texture streams. 

[0163] 

        <Modifications of first and second points> 

        Here, modifications of the first and second points 

will be described below. 

[0164] 

        For example, in the first point, a unit for 

changing the fineness with which Voxels are demarcated to 

change a definition degree may be a collection of points 

that can independently be encoded and decoded in a Point 

Cloud object.  The collection of points is referred to as 

a brick.  A brick may be a tile representing an encoding 

tool that is currently being discussed by MPEG.  A tile is 

a collection of slices, and a slice is a collection of 

points that can independently be encoded and decoded (see 
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NPL 2 referred to above). 

[0165] 

        Further, in the second point, a partial G-PCC 

stream may be encoded such that it includes one brick or 

a plurality of bricks. 

[0166] 

        At any rate, the signaling described above 

according to the first and second points is applicable. 

[0167] 

        Moreover, by encoding one G-PCC stream such that it 

includes a plurality of bricks, it is possible to 

preferentially decode and render them from a brick 

corresponding to a viewed part.  This is a use case 

valuable for clients whose decoding and rendering 

performance is low. 

[0168] 

        In addition, according to the conventional 

technology using tiles of MPEG, it is assumed that the 

spatial positional information of brick data in a G-PCC 

stream is signaled in the G-PCC stream.  In this case, in 

order to access the brick data corresponding to a viewed 

part, it is necessary to decode the G-PCC stream once, 

resulting in a large processing overhead.  Furthermore, in 

a case in which a brick corresponding to a viewed part is 

selected and decoded, it is necessary to link the spatial 
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positional information of the brick in units of data 

making up the brick in the G-PCC stream, similarly to the 

first process of the second point described above. 

[0169] 

        Extension of ISOBMFF for linking the spatial 

positional information of a brick in units of data making 

up the brick in a G-PCC stream will be described below 

with reference to FIGS. 32 through 37. 

[0170] 

        For example, the spatial positional information of 

bricks can be linked in units of data making up bricks in 

a G-PCC stream, by using the function of a sample group 

defined by ISOBMFF.  Specifically, BrickGroupEntry for 

signaling the spatial positional information of each 

brick and UnitMapEntry for linking the spatial positional 

information of each brick in units of data making up 

bricks in a G-PCC stream are newly defined. 

[0171] 

        FIG. 32 illustrates a syntax of BrickGroupEntry, 

and FIG. 33 illustrates a syntax of UnitMapEntry. 

[0172] 

        In the syntaxes illustrated in FIGS. 32 and 33, the 

semantics of brick_offset_x, brick_offset_y, 

brick_offset_z, brick_size_x, brick_size_y, and 

brick_size_z of BrickGroupEntry are identical 
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respectively to those of block_offset_x, block_offset_y, 

block_offset_z, block_size_x, block_size_y, and 

block_size_z of BlockGroupBox according to the first 

process of the second point described above. 

[0173] 

        Furthermore, unit_index of UnitMapEntry represents 

index information in units of data making up bricks in a 

G-PCC stream to which BrickGroupEntry linked by groupID 

is applied. 

[0174] 

        This unit_index may be assigned per unit of data 

making up a brick with respect to a Geometry bitstream 

and an Attribute bitstream that make up a brick in a G-

PCC stream to which BrickGroupEntry linked by groupID is 

applied. 

[0175] 

        Incidentally, in a case in which a tile 

representing an encoding tool that is currently being 

discussed by MPEG is applied, areas signaled by 

brick_offset_x, brick_offset_y, brick_offset_z, 

brick_size_x, brick_size_y, and brick_size_z of 

BrickGroupEntry coincide with the area of a bounding box 

of a tile or a total area of bounding boxes of a 

plurality of tiles. 

[0176] 
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        FIG. 34 illustrates an example in which 

BrickGroupEntry and UnitMapEntry are applied. 

[0177] 

        As illustrated in FIG. 34, one Point Cloud frame of 

a G-PCC stream is used as one ISOBMFF sample, and a unit 

of data making up a brick represents one Attribute 

bitstream (Attr) or a plurality of Attribute bitstreams 

(Attr) linked to a Geometry bitstream (Geom). 

[0178] 

        For example, in a case in which the client is to 

decode only bricks corresponding to viewed parts, the 

client first refers to each BrickGroupEntry of 

SampleGroupDescriptionBox of grouping_type=’blif’ to 

identify groupID of a desired brick.  Next, the client 

refers to SampleToGroupBox and SampleGroupDescriptionBox 

of grouping_type=’unim.’  If unit_index of groupID of the 

desired brick is included in UnitMapEntry to which each 

sample is linked, then the client decodes only the unit 

in the sample. 

[0179] 

        With this signaling, as illustrated in FIG. 35, the 

client is able to change a brick configuration 

dynamically in a manner to match movement of the object, 

eliminating empty bricks. 

[0180] 
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        Then, by referring to these signaling, it is 

possible to directly access brick data corresponding to 

viewed parts and preferentially decode and render the 

brick data. 

[0181] 

        According to a modification, furthermore, an object 

may be segmented per brick and the segments may be stored 

individually in ISOBMFF tracks.  For example, two kinds of 

a brick base track and a brick track are defined. 

[0182] 

        A brick base track does not store G-PCC streams, 

but stores in its sample entry the profile and level of a 

whole G-PCC stream and a common parameter set required to 

decode G-PCC streams stored in the brick track.  

Incidentally, the type of a sample entry is set to 

‘gpbb.’ 

[0183] 

        A brick track stores G-PCC streams each including 

one brick or a plurality of bricks, and stores in its 

sample entry the profile and level of a G-PCC stream 

stored in the track and a parameter set required to 

decode G-PCC streams stored therein.  Incidentally, the 

type of a sample entry is set to ‘gpcb.’ 

[0184] 

        Furthermore, a track reference of 
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reference_type=’gpbt’ is signaled from the brick base 

track to the brick track, and the track reference of 

reference_type=’gpbb’ is signaled from the brick track to 

the brick base track. 

[0185] 

        FIG. 36 illustrates a configuration of a brick base 

track and brick tracks. 

[0186] 

        With signaling as illustrated in FIG. 36, the 

client is able to decode a brick track on its own by 

referring to a parameter set stored in the brick track 

and a parameter set stored in the linked brick base 

track.  In other words, it is possible to select brick 

tracks including brick data corresponding to viewed parts 

and preferentially decode and render them. 

[0187] 

        Moreover, the client is able to reconstruct a whole 

G-PCC stream on the basis of the samples of G-PCC streams 

stored in the brick tracks referred to from the brick 

base track, and decode the whole G-PCC stream with a 

single decoder. 

[0188] 

        Incidentally, each brick track may be grouped by a 

track group or EntityToGroupBox, and in the case of a 

track group based on a track reference from a brick base 
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track, track_group_id may be referred to, and in the case 

of EntityToGroup, group_id may be referred to. 

[0189] 

        The signaling due to such ISOBMFF extension is 

applicable to not only streams including bricks, but also 

partial G-PCC streams referred to in the second point 

described above.  In the latter case, a brick may be 

regarded as a block. 

[0190] 

        Furthermore, as illustrated in FIG. 37, the spatial 

positional information (brick_offset_x, brick_offset_y, 

brick_offset_z, brick_size_x, brick_size_y, and 

brick_size_z) of a brick may be signaled by extending a 

high level syntax of an elementary stream. 

[0191] 

        For example, a data unit making up bricks in a G-

PCC stream is linked to spatial positional information 

through brick_id. 

[0192] 

        When decoding a G-PCC stream, the client is thus 

able to easily identify an overall brick configuration by 

referring to a brick_inventory, and identify a data unit 

of bricks corresponding to viewed parts through brick_id 

and decode it. 

[0193] 
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        <Third point> 

        The third point for specifying a rendering process 

for low-definition parts of a Point Cloud object will be 

described below with reference to FIGS. 38 through 43. 

[0194] 

        For example, if low-definition parts of a Point 

Cloud object are rendered as they are, then the 

subjective quality thereof is lowered as represented by 

an example in which the opposite side of the Point Cloud 

object is seen through.  At this time, the subjective 

quality can be increased by rendering the low-definition 

parts such that the size of their points is increased. 

[0195] 

        Therefore, when a content producer specifies a 

rendering process required to increase the subjective 

quality of low-definition parts and the client performs 

the specified rendering process, the subjective quality 

of low-definition parts of a Point Cloud object is 

increased according to the intention of the content 

producer. 

[0196] 

        However, it is assumed that parameters required by 

a rendering process for increasing the subjective quality 

are signaled in G-PCC streams, and the client cannot 

determine whether or not a subjective quality increasing 
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rendering process is required at the time of selecting G-

PCC streams. 

[0197] 

        Consequently, the client determines whether or not 

a rendering process needs to be executed after having 

acquired streams.  In a case in which the client does not 

deal with a rendering process for increasing the 

subjective quality, then an appropriate rendering process 

cannot be performed.  Alternatively, the client acquires 

again other streams that do not require a rendering 

process for increasing the subjective quality, resulting 

in a reduction in processing efficiency. 

[0198] 

        Therefore, by signaling information for determining 

whether or not a rendering process for increasing the 

subjective quality of low-definition G-PCC streams is 

required, it is possible to avoid a failure to perform an 

appropriate rendering process and a reduction in 

processing efficiency. 

[0199] 

        With such signaled information, the client takes 

into account its own subjective quality increasing 

rendering process capability, acquires low-definition G-

PCC streams if it can process them, and performs a 

rendering process for increasing the subjective quality, 
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thereby maintaining the subjective quality and reducing 

the network bandwidth required for distributing G-PCC 

streams. 

[0200] 

        Here, extension of DASH MPD will be described 

below. 

[0201] 

        For example, as a rendering process for G-PCC 

streams, a rendering information descriptor 

(EssentialProperty of schemeIdUri=”urn:mpeg:mepgI:gpcc: 

rendering_information:2018”) is newly defined and 

signaled in Representation. 

[0202] 

        Then, the rendering process is signaled by a type 

attribute of a gpcc:renderingInfo element.  When type=0, 

it indicates rendering with Voxel shapes, which is a 

general rendering method, and when type=1, it indicates a 

rendering process performed according to parameters 

signaled in G-PCC streams.  Parameters in G-PCC streams 

represent, for example, rendering a sphere inscribed in a 

Voxel. 

[0203] 

        FIG. 38 illustrates an example of signaling of a 

rendering process.  A rendering process is signaled at 

locations indicated by bold letters in FIG. 38. 
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[0204] 

        For example, if the client deals with a rendering 

process for increasing the subjective quality, then the 

client can acquire Representation of id=1-3, i.e., 

streams of lower definition, in a case in which the band 

is narrow, thereby reducing the network bandwidth 

required for distributing G-PCC streams. 

[0205] 

        Incidentally, a process signaled in the type of a 

gpcc:renderingInfo element may not be forced, but may be 

recommended for the content producer. 

[0206] 

        Next, extension of ISOBMFF will be described below. 

[0207] 

        For example, the information of a subjective 

quality increasing rendering process is signaled as post 

decoding information in an ISOBMFF track. 

[0208] 

        Specifically, RestrictedSchemeInformationBox 

(‘rinf’) defined by ISOBMFF under sample entry is used.  

rinf represents Box for storing post process information 

after decoding.  scheme_type of SchemeTypeBox(‘schm’) 

under rinf is set to ‘rndi’ in order to indicate that 

subjective quality increasing rendering information is 

stored. 
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[0209] 

        FIG. 39 illustrates a signal example of 

RenderingInformationBox. 

[0210] 

        As illustrated in FIG. 39, 

SchemeInformationBox(‘schi’) represents Box for storing 

information specified by scheme_type of schm, and 

RenderingInformationBox(‘rndi’) corresponding to 

scheme_type=’rndi’ is signaled therein. 

[0211] 

        FIG. 40 illustrates an example of a syntax of 

RenderingInformationBox. 

[0212] 

        Incidentally, semantics of a type field is similar 

to the attribute having the same name of the 

gpcc:renderingInfo element of the rendering information 

descriptor. 

[0213] 

        With the signaling illustrated in FIG. 40, the 

client is able to identify the type of rndi and perform 

an appropriate rendering process.  Furthermore, in a case 

in which the client is unable to perform a rendering 

process signaled by the type of rndi, the client can 

perform a process of not selecting its track and 

selecting another track in the same ISOBMFF file. 
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[0214] 

        Here, a modification of the third point will be 

described below. 

[0215] 

        For example, in a case in which a rendering process 

is applied to the distribution of partial G-PCC streams 

generated by hierarchization as with the second process 

of the second point described above, parts that are made 

high in definition in combination with other G-PCC 

streams do not require a rendering process for increasing 

the subjective quality.  At this time, the client needs to 

change the rendering process for increasing the 

subjective quality per part of a Point Cloud object.  

Therefore, only the client that can perform an 

appropriate rendering process adds information for 

acquiring the G-PCC streams described above. 

[0216] 

        For example, the processing type for parts that are 

made high in definition in combination with other G-PCC 

streams can be signaled. 

[0217] 

        Here, extension of DASH MPD will be described 

below. 

[0218] 

        For example, a rendering information descriptor is 
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extended, and the processing type for parts that are made 

high in definition in combination with other G-PCC 

streams is signaled. 

[0219] 

        Specifically, a gpcc:combinedAreaRenderingInfo 

element is added, and Representation@id of G-PCC streams 

combined according to its combined_rep_id attribute is 

signaled.  Furthermore, the processing type for parts that 

are made high in definition in combination is signaled in 

the type attribute of the gpcc:combinedAreaRenderingInfo 

element.  Incidentally, the semantics is identical to the 

type attribute of the gpcc:renderingInfo element. 

[0220] 

        FIG. 41 illustrates a syntax of a processing type 

for parts that are made high in definition.  The 

processing type for parts that are made high in 

definition is signaled at locations indicated by bold 

letters in FIG. 41. 

[0221] 

        With the signaling illustrated in FIG. 41, based on 

the types of the gpcc:renderingInfo element and the 

gpcc:combinedAreaRenderingInfo element, the client who 

can change and apply its client processing ability, e.g., 

a rendering process for increasing the subjective quality 

per part of a Point Cloud object, is able to acquire 
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streams of lower definition. 

[0222] 

        Next, extension of ISOBMFF will be described below. 

[0223] 

        For example, RenderingInformationBox(‘rndi’) 

described above is extended, and a combined_track_exists 

field, a combined_track_id field, and a combined_area_ 

type field are signaled. 

[0224] 

        Furthermore, the combined_track_exists field 

indicates whether or not the track reference of 

reference_type=’pbas’ is linked to G-PCC streams making 

up high-definition parts in combination.  The 

combined_track_id field signals the track_id of G-PCC 

streams to be combined.  The combined_area_type field 

signals the processing type of parts to be made high in 

definition in combination. 

[0225] 

        With those fields, the client is able to identify 

the above-mentioned information and perform an 

appropriate rendering process. 

[0226] 

        FIG. 42 illustrates a syntax where a 

combined_track_exists field, a combined_track_id field, 

and a combined_area_type field are added.  The 
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combined_track_exists field, the combined_track_id field, 

and the combined_area_type field are signaled at 

locations indicated by bold letters in FIG. 42. 

[0227] 

        Furthermore, in a case in which there are points 

that positionally coincide with each other and that 

overlap each other with respect to parts that are made 

high in definition in combination, information indicating 

which point of the G-PCC streams to be combined is to be 

rendered may be signaled.  This information makes it 

possible for the client to perform a rendering process 

according to the intention of the content producer. 

[0228] 

        Specifically, RenderingInformationBox is further 

extended, and a priority_flag field is added.  In the case 

of priority_flag=1, it indicates that a G-PCC stream in a 

track having the RenderingInformationBox has higher 

rendering priority than a G-PCC stream in a track of 

combined_track_id.  With respect to overlapping points, 

only the point of a G-PCC stream in a track of 

priority_flag=1 is rendered.  On the other hand, in the 

case of priority_flag=0, with respect to overlapping 

points, only the point of a G-PCC stream in a track of 

combined_track_id is rendered. 

[0229] 
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        FIG. 43 illustrates a syntax where a priority_flag 

field is added.  The priority_flag field is signaled at 

locations indicated by bold letters in FIG. 43. 

[0230] 

        Here, FIG. 44 illustrates a Sample Group summary 

described above. 

[0231] 

        grouping_type of SampleToGroupBox illustrated in 

FIG. 44 indicates grouping_type of 

SampleGroupDescriptionBox that is linked.  Furthermore, 

sample_count and group_description_index are signaled per 

entry.  group_description_index indicates index of 

GroupEntry that is linked, and sample_count indicates the 

number of samples belonging to that GroupEntry. 

[0232] 

        According to the present technology, as described 

above, when G-PCC streams that are Point Cloud streams 

produced by encoding a Point Cloud object on a Geometry 

base are to be distributed depending on parts viewed by 

the user, according to the first point, it is possible to 

distribute G-PCC streams encoded at different definition 

degrees with respect to respective parts of the Point 

Cloud object.  Furthermore, according to the second point, 

a Point Cloud object can be segmented into a plurality of 

partial objects, and partial G-PCC streams produced by 



 73  

encoding the partial objects at respective different 

definition degrees can be distributed. 

[0233] 

        When G-PCC streams are to be distributed according 

to the first point, directional information that points 

to high definition and definition degree information are 

added to the G-PCC streams, and the client can refer to 

the information and can acquire G-PCC streams that make 

viewed parts high in definition. 

[0234] 

        Alternatively, when partial G-PCC streams are to be 

distributed according to the second point, spatial 

positional information and definition degree information 

are added to the partial G-PCC streams, and the client 

can refer to the information and can acquire partial G-

PCC streams that make viewed parts high in definition. 

[0235] 

        Furthermore, according to the third point, it is 

possible to add information indicating whether or not a 

rendering process effective to increase the subjective 

quality of low-definition parts, i.e., parts where points 

are sparse, is required.  With the added information, the 

client, providing that it can perform the rendering 

process, can acquire G-PCC streams including lower-

definition parts, thereby reducing the network bandwidth 
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required to distribute G-PCC streams. 

[0236] 

        Incidentally, the added information is signaled by 

extending DASH MPD or ISOBMFF. 

[0237] 

        By then distributing G-PCC streams such that parts 

viewed by the user are of high definition and parts other 

than the parts viewed by the user are of low definition 

according to the above points, the network bandwidth can 

be effectively used to distribute high-quality, i.e., 

uninterrupted high-definition, G-PCC streams. 

[0238] 

        <Configurational example of computer> 

        Next, the processing sequences (information 

processing method) described above can be implemented by 

hardware or can be implemented by software.  In a case in 

which the processing sequences are implemented by 

software, programs of the software are installed in a 

general-purpose personal computer or the like. 

[0239] 

        FIG. 45 is a block diagram illustrating a 

configurational example of a computer according to an 

embodiment in which programs for carrying out the above 

processing sequences are installed. 

[0240] 
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        The programs may be recorded in advance in a hard 

disk 105 or a ROM 103 as a recording medium included in 

the computer. 

[0241] 

        Alternatively, the programs may be stored 

(recorded) in a removable recording medium 111 driven by 

a drive 109.  The removable recording medium 111 may be 

provided as what is called packaged software.  The 

removable recording medium 111 may be, for example, a 

flexible disc, a CD-ROM (Compact Disc Read Only Memory), 

an MO (Magneto-Optical) disc, a DVD (Digital Versatile 

Disc), a magnetic disc, a semiconductor memory, or the 

like. 

[0242] 

        Incidentally, the programs may be downloaded into 

the computer through a communication network or a 

broadcasting network and installed in the hard disk 105 

in the computer, rather than being installed into the 

computer from the removable recording medium 111 

described above.  In other words, the programs may be 

transferred from download sites via an artificial 

satellite for digital satellite broadcasting to the 

computer through a wireless link, or may be transferred 

to the computer via a network such as a LAN (Local Area 

Network) or the Internet through a wired link. 
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[0243] 

        The computer incorporates a CPU (Central Processing 

Unit) 102 to which an input/output interface 110 is 

connected through a bus 101. 

[0244] 

        When a command is input to the CPU 102 through the 

input/output interface 110 by a user who operates an 

input unit 107, the CPU 102 executes programs stored in a 

ROM (Read Only Memory) 103.  Alternatively, the CPU 102 

loads programs stored in the hard disk 105 into a RAM 

(Random Access Memory) 104 and executes the loaded 

programs. 

[0245] 

        The CPU 102 thereby performs processing sequences 

according to the flowcharts described above or processing 

sequences to be carried out by the arrangements 

illustrated in the block diagrams described above.  Then, 

the CPU 102 outputs the processed results from an output 

unit 106 through the input/output interface 110, 

transmits the processed results from a communication unit 

108, or records the processed results in the hard disk 

105, for example, as necessary. 

[0246] 

        Incidentally, the input unit 107 includes a 

keyboard, a mouse, a microphone, and so on.  Furthermore, 
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the output unit 106 includes an LCD (Liquid Crystal 

Display), a speaker, and so on. 

[0247] 

        In the present specification, the processing 

sequences that the computer performs according to the 

programs do not necessarily need to be carried out in a 

chronological order according to the sequences described 

as the flowcharts.  In other words, the processing 

sequences that the computer performs according to the 

programs include processing sequences to be performed 

concurrently or individually (e.g., parallel processing 

sequences or processing sequences based on objects). 

[0248] 

        Moreover, the programs may be processed by one 

computer (processor) or may be processed by a plurality 

of computers in a distributed fashion.  Further, the 

programs may be transferred to a remote computer to be 

executed. 

[0249] 

        Further, in the present specification, a system 

means a set of a plurality of components (devices, 

modules (parts), etc.), and it does not matter whether or 

not all the components are housed in one housing.  

Therefore, a plurality of devices housed in separate 

housings and interconnected through a network, and a 
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single device having a plurality of modules housed in a 

single housing are all referred to as a system. 

[0250] 

        Moreover, for example, an arrangement described as 

one device (or processor) may be divided into plural 

devices (or processors).  Conversely, arrangements 

described above as a plurality of devices (or processors) 

may be arranged together as one device (or processor).  In 

addition, arrangements other than those described above 

may be added to the arrangement of each device (or each 

processor).  Further, providing that an overall system 

remains essentially the same in arrangement or operation, 

part of the arrangement of a device (or processor) may be 

included in the arrangement of another device (or another 

processor). 

[0251] 

        Moreover, for example, the present technology may 

be configured as a cloud computing system in which one 

function is shared by and processed in collaboration with 

a plurality of devices via a network. 

[0252] 

        Further, for example, the programs described above 

may be executed by any device.  In that case, it is 

sufficient if the device has necessary functions 

(functional blocks etc.) and is able to obtain necessary 



 79  

information. 

[0253] 

        Further, each of the steps described in the above 

flowcharts can be executed by a single device or plural 

devices operating in collaboration with each other.  

Furthermore, in a case in which a single step includes a 

plurality of processing sequences, the processing 

sequences included in the single step can be executed by 

a single device or plural devices operating in 

collaboration with each other.  Stated otherwise, a 

plurality of processing sequences included in a single 

step may be executed as the processing sequences of a 

plurality of steps.  Conversely, processing sequences 

described as a plurality of steps may be executed 

together as a single step. 

[0254] 

        The processing sequences of steps that describe the 

programs executed by the computer may be executed in a 

chronological order according to the sequences described 

in the present specification or may be executed 

concurrently or individually at necessary timings such as 

when called up.  In other words, the processing sequences 

of steps may be executed in sequences different from the 

sequences describe above unless they cause anything 

incompatible.  Moreover, the processing sequences of steps 
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that describe the programs may be executed in parallel to 

the processing sequences of other programs, or may be 

executed in combination with the processing sequences of 

other programs. 

[0255] 

        Incidentally, plural present technologies described 

in the present specification may be carried out 

individually independently of each other unless they 

cause anything incompatible.  Needless to say, plural 

desired ones of the present technologies may be carried 

out in combination.  For example, some or all of the 

present technology described according to any one 

embodiment may be carried out in combination with some or 

all of the present technology described according to 

another embodiment.  Furthermore, some or all of a desired 

one of the present technologies described above may be 

carried out in combination with another technology not 

described above. 

[0256] 

        <Example of combinations of arrangements> 

        The present technology can also have arrangements 

described below. 

        (1) 

        An information processing apparatus including: 

        a file generating section that generates a file 
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including spatial positional information indicating 

spatial positions of respective pieces of partial Point 

Cloud data that represent individual parts into which 

Point Cloud data is segmented when the Point Cloud data 

is encoded on a three-dimensional structure base to 

generate encoded Point Cloud data streams, and grouping 

information that groups the partial Point Cloud data. 

        (2) 

        The information processing apparatus according to 

(1) above, in which 

        the file generated by the file generating section 

further includes direction corresponding information 

indicating a direction required to display the partial 

Point Cloud on the basis of a local coordinate system of 

the Point Cloud data. 

        (3) 

        The information processing apparatus according to 

(2) above, in which 

        the file generated by the file generating section 

further includes the spatial positional information that 

is changed dynamically. 

        (4) 

        The information processing apparatus according to 

(2) above, in which 

        the file generated by the file generating section 
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further includes the direction corresponding information 

that is changed dynamically. 

        (5) 

        The information processing apparatus according to 

(3) or (4) above, in which 

        the file generated by the file generating section 

includes a file having a DASH MPD (Dynamic Adaptive 

Streaming over HTTP Media Presentation Description) or 

ISOBMFF (ISO Base Media File Format) structure. 

        (6) 

        The information processing apparatus according to 

any of (1) through (5) above, in which 

        the parts include a brick representing a collection 

of points that can independently be encoded and decoded 

in the Point Cloud data, and 

        the file generated by the file generating section 

further includes information linking spatial positional 

information of the brick in units of data of the brick in 

the Point Cloud data streams. 

        (7) 

        The information processing apparatus according to 

any of (1) through (6) above, in which 

        the partial Point Cloud data includes a brick 

representing a collection of points that can 

independently be encoded and decoded in the Point Cloud 
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data, and 

        the file generated by the file generating section 

further includes information linking spatial positional 

information of the brick in units of data of the brick in 

streams of the partial Point Cloud data. 

        (8) 

        The information processing apparatus according to 

any of (1) through (7) above, in which 

        the partial Point Cloud data includes a brick 

representing a collection of points that can 

independently be encoded and decoded in the Point Cloud 

data, and 

        the file generated by the file generating section 

further includes information linking spatial positional 

information of the brick in units of data of the brick in 

streams of the partial Point Cloud data. 

        (9) 

        An information processing method including: 

        by an information processing apparatus, 

        generating a file including spatial positional 

information indicating spatial positions of respective 

pieces of partial Point Cloud data that represent 

individual parts into which Point Cloud data is segmented 

when the information processing apparatus encodes the 

Point Cloud data on a three-dimensional structure base to 
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generate encoded data streams, and grouping information 

that groups the partial Point Cloud data. 

        (10) 

        An information processing apparatus including: 

        an encoding section that generates partial 

definition degree information representing definition 

degrees of encoded parts when Point Cloud data is encoded 

on a three-dimensional structure base to generate encoded 

Point Cloud data streams, in which 

        the encoding section generates directional 

information indicating a direction pointing to an area of 

a relatively high image quality in a local coordinate 

system of the Point Cloud data, on the basis of the 

partial definition degree information. 

        (11) 

        The information processing apparatus according to 

(10) above, further including: 

        a file generating section that generates a file 

including the partial definition degree information and 

the directional information generated by the encoding 

section. 

        (12) 

        The information processing apparatus according to 

(11) above, in which 

        the file generated by the file generating section 
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includes a file having a DASH MPD or ISOBMFF structure. 

        (13) 

        The information processing apparatus according to 

(12) above, in which 

        the file generated by the file generating section 

further includes linking information of partial Point 

Cloud data pieces that are made high in definition in 

combination, with regard to partial Point Cloud data 

pieces representing individual parts into which the Point 

Cloud data is segmented. 

        (14) 

        The information processing apparatus according to 

(13) above, in which 

        the file generated by the file generating section 

further includes definition degree information 

representing definition degrees of the partial Point 

Cloud data pieces in combination. 

        (15) 

        The information processing apparatus according to 

any of (11) through (14) above, in which 

        the file generated by the file generating section 

further includes rendering information for rendering low-

definition ones of the parts. 

        (16) 

        The information processing apparatus according to 
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(15) above, in which 

        the file generated by the file generating section 

further includes subjective quality increasing rendering 

information indicating a rendering process required to 

increase different subjective qualities of the respective 

parts. 

        (17) 

        An information processing method including: 

        by an information processing apparatus, 

        generating partial definition degree information 

representing definition degrees of encoded parts when the 

information processing apparatus encodes Point Cloud data 

on a three-dimensional structure base to generate encoded 

data streams, in which 

        directional information indicating a direction 

pointing to an area of a relatively high image quality is 

generated in a local coordinate system of the Point Cloud 

data on the basis of the partial definition degree 

information. 

[0257] 

        Incidentally, the present technology is not limited 

to the embodiment described above, and various changes 

and modifications may be made therein without departing 

from the scope of the present disclosure.  The advantages 

described in the present specification are illustrative 
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only, and not restrictive, and there may be other 

advantages. 

[Reference Signs List] 

[0258] 

        11: Data generating device 

        12: Data reproducing device 

        21: Controller 

        22: Memory 

        23: File generating section 

        31: Data inputting section 

        32: Data encoding and generating section 

        33: MPD file generating section 

        34: Recording section 

        35: Outputting section 

        36: Pre-processing section 

        37: Encoding section 

        38: File generating section 

        41: Controller 

        42: Memory 

        43: Reproduction processing section 

        51: Acquiring section 

        52: Display controlling section 

        53: Data analyzing and decoding section 

        54: Displaying section 

        55: File analyzing section 
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        56: Decoding section 

        57: Display information generating section 
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[CLAIMS] 

[Claim 1] 

        An information processing apparatus comprising: 

        a file generating section that generates a file 

including spatial positional information indicating 

spatial positions of respective pieces of partial Point 

Cloud data that represent individual parts into which 

Point Cloud data is segmented when the Point Cloud data 

is encoded on a three-dimensional structure base to 

generate encoded Point Cloud data streams, and grouping 

information that groups the partial Point Cloud data. 

[Claim 2] 

        The information processing apparatus according to 

claim 1, wherein 

        the file generated by the file generating section 

further includes direction corresponding information 

indicating a direction required to display the partial 

Point Cloud on a basis of a local coordinate system of 

the Point Cloud data. 

[Claim 3] 

        The information processing apparatus according to 

claim 2, wherein 

        the file generated by the file generating section 

further includes the spatial positional information that 

is changed dynamically. 
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[Claim 4] 

        The information processing apparatus according to 

claim 2, wherein 

        the file generated by the file generating section 

further includes the direction corresponding information 

that is changed dynamically. 

[Claim 5] 

        The information processing apparatus according to 

claim 3 or 4, wherein 

        the file generated by the file generating section 

includes a file having a DASH MPD (Dynamic Adaptive 

Streaming over HTTP Media Presentation Description) or 

ISOBMFF (ISO Base Media File Format) structure. 

[Claim 6] 

        The information processing apparatus according to 

claim 1, wherein 

        the parts include a brick representing a collection 

of points that can independently be encoded and decoded 

in the Point Cloud data, and 

        the file generated by the file generating section 

further includes information linking spatial positional 

information of the brick in units of data of the brick in 

the Point Cloud data streams. 

[Claim 7] 

        The information processing apparatus according to 
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claim 1, wherein 

        the partial Point Cloud data includes a brick 

representing a collection of points that can 

independently be encoded and decoded in the Point Cloud 

data, and 

        the file generated by the file generating section 

further includes information linking spatial positional 

information of the brick in units of data of the brick in 

streams of the partial Point Cloud data. 

[Claim 8] 

        The information processing apparatus according to 

claim 1, wherein 

        the partial Point Cloud data includes a brick 

representing a collection of points that can 

independently be encoded and decoded in the Point Cloud 

data, and 

        the file generated by the file generating section 

further includes information linking spatial positional 

information of the brick in units of data of the brick in 

streams of the partial Point Cloud data. 

[Claim 9] 

        An information processing method comprising: 

        by an information processing apparatus, 

        generating a file including spatial positional 

information indicating spatial positions of respective 
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pieces of partial Point Cloud data that represent 

individual parts into which Point Cloud data is segmented 

when the information processing apparatus encodes the 

Point Cloud data on a three-dimensional structure base to 

generate encoded data streams, and grouping information 

that groups the partial Point Cloud data. 

[Claim 10] 

        An information processing apparatus comprising: 

        an encoding section that generates partial 

definition degree information representing definition 

degrees of encoded parts when Point Cloud data is encoded 

on a three-dimensional structure base to generate encoded 

Point Cloud data streams, wherein 

        the encoding section generates directional 

information indicating a direction pointing to an area of 

a relatively high image quality in a local coordinate 

system of the Point Cloud data, on a basis of the partial 

definition degree information. 

[Claim 11] 

        The information processing apparatus according to 

claim 10, further comprising: 

        a file generating section that generates a file 

including the partial definition degree information and 

the directional information generated by the encoding 

section. 
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[Claim 12] 

        The information processing apparatus according to 

claim 11, wherein 

        the file generated by the file generating section 

includes a file having a DASH MPD or ISOBMFF structure. 

[Claim 13] 

        The information processing apparatus according to 

claim 12, wherein 

        the file generated by the file generating section 

further includes linking information of partial Point 

Cloud data pieces that are made high in definition in 

combination, with regard to partial Point Cloud data 

pieces representing individual parts into which the Point 

Cloud data is segmented. 

[Claim 14] 

        The information processing apparatus according to 

claim 13, wherein 

        the file generated by the file generating section 

further includes definition degree information 

representing definition degrees of the partial Point 

Cloud data pieces in combination. 

[Claim 15] 

        The information processing apparatus according to 

claim 11, wherein 

        the file generated by the file generating section 
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further includes rendering information for rendering low-

definition ones of the parts. 

[Claim 16] 

        The information processing apparatus according to 

claim 15, wherein 

        the file generated by the file generating section 

further includes subjective quality increasing rendering 

information indicating a rendering process required to 

increase different subjective qualities of the respective 

parts. 

[Claim 17] 

        An information processing method comprising: 

        by an information processing apparatus, 

        generating partial definition degree information 

representing definition degrees of encoded parts when the 

information processing apparatus encodes Point Cloud data 

on a three-dimensional structure base to generate encoded 

data streams, wherein 

        directional information indicating a direction 

pointing to an area of a relatively high image quality is 

generated in a local coordinate system of the Point Cloud 

data, on a basis of the partial definition degree 

information. 


