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Abstract
The document contains following technologies under consideration for the Carriage of Timed Metadata Metrics in ISO Base Media File Format (ISO/IEC 23001-10):  
1	Timed Metadata for Spatial Relationships of Immersive Media	1

1. [bookmark: _Toc30113206][bookmark: _Toc530124513]Timed Metadata for Spatial Relationships of Immersive Media 
This section defines metadata data structures for 2D and 3D spatial sources and regions, and their carriage in timed metadata tracks for signaling spatial relationship of immersive media. The metadata data structures are defined in the format that can be adopted into MPEG-I Part 7 [2]. In particular, the following MPEG-I reference coordinate system [2] is used as the 3D Cartesian coordinate system with 6DoF: 
[image: ]
0.1 2D and 3D Spatial Source and Region Metadata Data Structures
In order to specify spatial relationships of 2D/3D regions within their respective 2D and 3D sources, some common metadata data structures are defined in this section. 
0.1.1 Syntax 
1 
2 
2.1 
0.1.1.1 2D and 3D Elements
aligned(8) class 3DPositionStruct() {
	signed int(32) centre_x;
	signed int(32) centre_y;
	singed int(32) centre_z;
}
aligned(8) class 3DLocationStruct() {
	signed int(32) near_top_left_x;
	signed int(32) near_top_left_y;
	singed int(32) near_top_left_z;
}
aligned(8) class 3DRotationStruct() {
	signed int(32) rotation_yaw;
	signed int(32) rotation_pitch;
	signed int(32) rotation_roll;
}
aligned(8) class 2DPositionStruct() {
	signed int(32) centre_x;
	signed int(32) centre_y;
}
aligned(8) class 2DLocationStruct() {
	signed int(32) top_left_x;
	signed int(32) top_left_y;
}
aligned(8) class 2DRotationStruct() {
	signed int(32) rotation_angle;
}
aligned(8) class 3DOrietationStruct() {
	signed int(32) centre_azimuth;
	signed int(32) centre_elevation;
	singed int(32) centre_tilt;
}
aligned(8) class 2DRangeStruct(shape_type) {
	if (shape_type == 0) { 			// 2D rectangle 
		unsigned int(32) range_width;
		unsigned int(32) range_height;
	}
	if (shape_type == 1) {		 	// 2D circle
		unsigned int(32) range_radius;
	}
	// other values of shape_type are reserved
}
aligned(8) class 3DRangeStruct(shape_type) {
   2DRangeStruct(shape_type); 	// including 2D shape types
   if (shape_type == 2) { 			// 3D tile
		unsigned int(32) range_width;
		unsigned int(32) range_height;
		unsinged int(32) range_depth;
	}
   if (shape_type == 3) { 			// 3D spherical region
		unsigned int(32) range_width;
		unsigned int(32) range_height;
		unsinged int(32) range_depth;
	}
	if (shape_type == 4) { 			// 3D sphere
		unsigned int(32) range_radius;
	}
	// other values of shape_type are reserved
}

0.1.1.2 2D and 3D Sources 
aligned(8) class SpatialRelationship2DSourceStruct(
   location_included_flag, 
   rotation_included_flag,
   range_included_flag,
   shape_type) 
{
	if (location_included_flag) 
      2DLocationStruct();
	if (rotation_included_flag) 
      2DRotationStruct();	
	if (range_included_flag)
      2DRangeStruct(shape_type);
	unsigned int(32) source_id;
}
aligned(8) class SpatialRelationship3DSourceStruct(
   location_included_flag, 
   rotation_included_flag,
   range_included_flag,
   shape_type)
{
	if (location_included_flag) 
      3DLocationStruct();
	if (rotation_included_flag) 
      3DRotationStruct();	
	if (range_included_flag)
      3DRangeStruct(shape_type);
	unsigned int(32) source_id;
}
0.1.1.3 Regions with 2DoF and 6DoFs
aligned(8) RegionWith2DoFStruct(
   location_included_flag, 
   rotation_included_flag,
   range_included_flag, 
   shape_type,
   interpolate_included_flag) 
{
	if (location_included_flag) 
      2DLocationStruct();
	if (orientation_included_flag) 
      2DRotationStruct();	
	if (range_included_flag)
      2DRangeStruct(shape_type); 
	if (interpolate_included_flag) {
		unsigned int(1) interpolate;
		bit(7) reserved = 0;
	}
}
aligned(8) RegionWith6DoFStruct(
   location_included_flag, 
   orientation_included_flag,
   range_included_flag, 
   shape_type,
   interpolate_included_flag) 
{
	if (location_included_flag) 
      3DLocationStruct();
	if (orientation_included_flag) 
      3DRotationStruct();	
	if (range_included_flag)
      3DRangeStruct(shape_type); 
	if (interpolate_included_flag) {
		unsigned int(1) interpolate;
		bit(7) reserved = 0;
	}
}

0.1.1.4 Viewports with 3DoF and 6DoFs
aligned(8) ViewportWith3DoFStruct(
   orientation_included_flag,
   range_included_flag, 
   shape_type,
   interpolate_included_flag) 
{
	if (orientation_included_flag) 
      3DOrientationStruct();	
	if (range_included_flag)
      2DRangeStruct(shape_type); 
	if (interpolate_included_flag) {
		unsigned int(1) interpolate;
		bit(7) reserved = 0;
	}
}
aligned(8) ViewportWith6DoFStruct(
   position_included_flag, 
   orientation_included_flag,
   range_included_flag, 
   shape_type,
   interpolate_included_flag) 
{
	if (position_included_flag) 
      3DPositionStruct();
	if (orientation_included_flag) 
      3DOrientationStruct();	
	if (range_included_flag)
      2DRangeStruct(shape_type); 
	if (interpolate_included_flag) {
		unsigned int(1) interpolate;
		bit(7) reserved = 0;
	}
}

0.1.2 Semantics
centre_x, centre_y and centre_z specify the x, y and z axis values, respectively, of the centre of the sphere region, with respect to the origin of the underlying coordinate system. 
near_top_left_x, near_top_left_y, and near_top_left_z specify the x, y, and z axis values, respectively, of the near-top-left corner of the 3D rectagular region, with respect to the origin of the underlying 3D coordinate system. 
rotation_yaw, rotation_pitch, and rotation_roll specify the yaw, pitch, and roll angles, respectively, of the rotation that is applied to the unit sphere of each spherical region associated in the spatial relationship to convert the local coordinate axes of the spherical region to the global coordinate axes, in units of 2−16 degrees, relative to the global coordinate axes. rotation_yaw shall be in the range of −180 * 216 to 180 *216 − 1, inclusive. rotation_pitch shall be in the range of −90 * 216 to 90 * 216, inclusive. rotation_roll shall be in the range of −180 * 216 to 180 * 216 − 1, inclusive.
top_left_x, and top_left_y specify the x, and y axis values, respectively, of the top-left corner of the rectagular region, with respect to the origin of the underlying coordinate system. 
rotation_angle specifies the angle of the counter-clock rotation that is applied to each of the 2D regions associated in the spatial relationship to convert the local coordinate axes of the 2D region to the global coordinate axes, in units of 2−16 degrees, relative to the global coordinate axes. rotation_angle shall be in the range of −180 * 216 to 180 *216 − 1, inclusive.
centre_azimuth and centre_elevation specify the azimuth and elevation values, respectively, of the centre of the sphere region in units of 2−16 degrees. centre_azimuth shall be in the range of −180 * 216 to 180 * 216 – 1, inclusive. centre_elevation shall be in the range of −90 * 216 to 90 * 216, inclusive.
centre_tilt specifies the tilt angle of the sphere region in units of 2−16 degrees. centre_tilt shall be in the range of −180 * 216 to 180 * 216 – 1, inclusive.
range_width and range_height specify the width and height ranges, respectively, of a 2D or 3D rectangular region. They specify the ranges through a reference point of the rectangular region, which could be either the top left point or centre point, inferred as specified in the semantics of the structure containing the instances of these metadata. 
range_depth specifies the depth range of a 3D rectangular region. It specifies the ranges through the centre point of the region.
range_radius specifies the radius range of a circluar region.
range_azimuth and range_elevation specify the azimuth and elevation ranges, respectively, of the sphere region in units of 2−16 degrees. range_azimuth and range_elevation specify the ranges through the centre point of the sphere region. range_azimuth shall be in the range of 0 to 360 * 216, inclusive. range_elevation shall be in the range of 0 to 180 * 216, inclusive. 
shape_type specifies a shape type of a 2D or 3D region, according to the following table:
	Value
	Description

	0
	2D rectangle

	1
	2D circle

	2	
	3D tile

	3
	3D sphere region

	4
	3D sphere

	others
	Reserved



The semantics of interpolate are specified by the semantics of the structure containing this instance of it. 
When any of the location, rotatioin, orientation, range, shape and interoperate metadata are not present in an instance of 2D and 3D source and region data structures, they are inferred as specified in the semantics of the structure containing the instance.
0.2 Signalling of Spatial Relationship of Spatial Regions in Timed Metadata Tracks
This section shows signalling of the following spatial relationships within timed metadata tracks using the 2D and 3D spatial source and region metadata data structures defined above, when individual tracks carry visual content of spatial regions:
1. 2D Planar Regions with 2DoF (for Sub-picture tracks)
2. 3D Spherical Regions with 6DoF
3. 3D Planar Regions with 6DoF
4. 3D Tile Regions with 6DoF (for PCC 3D Tile Tracks)

0.2.1 2D Planar Regions with 2DoF (for Sub-pictures in 2D space)
[image: ]
0.2.1.1 Sample Entry
Sample Entry Type:	'2dpr'
Container: 	Sample Description Box (‘stsd’)
Mandatory:	No
Quantity:	0 or 1
aligned(8) class SpatialRelationship2DPlanarRegionsSampleEntry
	extends MetadataSampleEntry (‘2dpr’) {
   bit(5) reserved = 0;
   unsigned int(1) source_location_included_flag; 
   unsigned int(1) source_rotation_included_flag; 
   unsigned int(1) source_range_included_flag; 
   unsigned int(8) source_shape_type = 0; // for 2D planar region
   SpatialRelationship2DSourceStruct(source_location_included_flag, 
                                     source_rotation_included_flag, 
                                     source_range_included_flag, 
                                     source_shape_type); 
   bit(4) reserved = 0;
   unsigned int(1) region_location_included_flag; 
   unsigned int(1) region_rotation_included_flag; 
   unsigned int(1) region_range_included_flag; 
   unsigned int(1) region_interpolate_included_flag; 
   unsigned int(8) region_shape_type = 0; // for 2D planar (sub)-region
   RegionWith2DoFStruct(region_location_included_flag, 
                              region_rotation_included_flag, 
                              region_range_included_flag,
                              region_shape_type,
                              region_interpolate_included_flag);
}
0.2.1.2 Sample format

aligned(8) class SpatialRelationship2DPlanarRegionsSample(){
   RegionWith2DoFStruct(!region_location_included_flag, 
                        !region_rotation_included_flag, 
                        !region_range_included_flag,
                        region_shape_type,
                        region_interpolate_included_flag);
}
interpolate indicates the continuity in time of the successive samples. When true, the application may linearly interpolate values of the ROI coordinates between the previous sample and the current sample. When false, there shall not be any interpolation of values between the previous and the current samples. 
NOTE	When using interpolation, it is expected that the interpolated samples match the presentation time of the samples in the referenced track. For instance, for each video sample of a video track, one interpolated 2D Cartesian coordinate sample is calculated.
Sync samples for region metadata tracks are samples for which the interpolate value is 0.
0.2.2 3D Spherical Regions with 6DoF (for 3D spherical regions in 3D space)
[image: ] [image: ]

0.2.2.1 Sample Entry
Sample Entry Type:	'6dsr'
Container: 	Sample Description Box (‘stsd’)
Mandatory:	No
Quantity:	0 or 1
aligned(8) class SpatialRelationship3DSphereRegionsSampleEntry
	extends MetadataSampleEntry (‘6dsr’) {
   bit(5) reserved = 0;
   unsigned int(1) source_location_included_flag; 
   unsigned int(1) source_rotation_included_flag; 
   unsigned int(1) source_range_included_flag; 
   unsigned int(8) source_shape_type; // 2 or 3 for 3D bounding box or sphere
   SpatialRelationship3DSourceStruct(source_location_included_flag, 
                                     source_rotation_included_flag, 
                                     source_range_included_flag, 
                                     source_shape_type); 
   bit(4) reserved = 0;
   unsigned int(1) region_location_included_flag; 
   unsigned int(1) region_rotation_included_flag; 
   unsigned int(1) region_range_included_flag; 
   unsigned int(1) region_interpolate_included_flag; 
   unsigned int(8) region_shape_type = 1; // for 3D spherical region 
   RegionWith6DoFStruct(region_location_included_flag, 
                              region_rotation_included_flag, 
                              region_range_included_flag,
                              region_shape_type,
                              region_interpolate_included_flag);
}
0.2.2.2 Sample format

aligned(8) class SpatialRelationship3DSphereRegionsSample(){
   RegionWith6DoFStruct(!region_location_included_flag, 
                     !region_rotation_included_flag, 
                     !region_range_included_flag,
                     region_shape_type,
                     region_interpolate_included_flag);
}
interpolate indicates the continuity in time of the successive samples. When true, the application may linearly interpolate values of the ROI coordinates between the previous sample and the current sample. When false, there shall not be any interpolation of values between the previous and the current samples. 
NOTE	When using interpolation, it is expected that the interpolated samples match the presentation time of the samples in the referenced track. For instance, for each video sample of a video track, one interpolated 2D Cartesian coordinate sample is calculated.
Sync samples for region metadata tracks are samples for which the interpolate value is 0.
0.2.3 3D Planar Regions with 6DoF (for 2D faces/tiles in 3D space)
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0.2.3.1 Sample Entry
Sample Entry Type:	'6dpr'
Container: 	Sample Description Box (‘stsd’)
Mandatory:	No
Quantity:	0 or 1
aligned(8) class SpatialRelationship3DPlanarRegionsSampleEntry
	extends MetadataSampleEntry (‘6dpr’) {
   bit(5) reserved = 0;
   unsigned int(1) source_location_included_flag; 
   unsigned int(1) source_rotation_included_flag; 
   unsigned int(1) source_range_included_flag; 
   unsigned int(8) source_shape_type; // 2 or 3 for 3D bounding box or sphere
   SpatialRelationship3DSourceStruct(source_location_included_flag, 
                                     source_rotation_included_flag, 
                                     source_range_included_flag, 
                                     source_shape_type); 
   bit(4) reserved = 0;
   unsigned int(1) region_location_included_flag; 
   unsigned int(1) region_rotation_included_flag; 
   unsigned int(1) region_range_included_flag; 
   unsigned int(1) region_interpolate_included_flag; 
   unsigned int(8) region_shape_type = 0; // for 2D planar region
   RegionWith6DoFStruct(region_location_included_flag, 
                              region_rotation_included_flag, 
                              region_range_included_flag,
                              region_shape_type,
                              region_interpolate_included_flag);
}
0.2.3.2 Sample format
aligned(8) class SpatialRelationship3DPlanarRegionsSample(){
   RegionWith6DoFStruct(!region_location_included_flag, 
                     !region_rotation_included_flag, 
                     !region_range_included_flag,
                     region_shape_type,
                     region_interpolate_included_flag);
}
interpolate indicates the continuity in time of the successive samples. When true, the application may linearly interpolate values of the ROI coordinates between the previous sample and the current sample. When false, there shall not be any interpolation of values between the previous and the current samples. 
NOTE	When using interpolation, it is expected that the interpolated samples match the presentation time of the samples in the referenced track. For instance, for each video sample of a video track, one interpolated 2D Cartesian coordinate sample is calculated.
Sync samples for region metadata tracks are samples for which the interpolate value is 0.
0.2.4 3D Tile Regions with 6DoF (for PCC 3D Tiles)
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0.2.4.1 Sample Entry
Sample Entry Type:	'6dtr'
Container: 	Sample Description Box (‘stsd’)
Mandatory:	No
Quantity:	0 or 1
aligned(8) class SpatialRelationship3DTileRegionsSampleEntry
	extends MetadataSampleEntry (‘6dtr’) {
   bit(5) reserved = 0;
   unsigned int(1) source_location_included_flag; 
   unsigned int(1) source_rotation_included_flag; 
   unsigned int(1) source_range_included_flag; 
   unsigned int(8) source_shape_type = 2; // 3D bounding box
   SpatialRelationship3DSourceStruct(source_location_included_flag, 
                                     source_rotation_included_flag, 
                                     source_range_included_flag, 
                                     source_shape_type); 
   bit(4) reserved = 0;
   unsigned int(1) region_location_included_flag; 
   unsigned int(1) region_rotation_included_flag; 
   unsigned int(1) region_range_included_flag; 
   unsigned int(1) region_interpolate_included_flag; 
   unsigned int(8) region_shape_type = 2; // for 3D (sub-)bounding box (tile)
   RegionWith6DoFStruct(region_location_included_flag, 
                              region_rotation_included_flag, 
                              region_range_included_flag,
                              region_shape_type,
                              region_interpolate_included_flag);
}
0.2.4.2 Sample format
aligned(8) class SpatialRelationship3DTileRegionsSample(){
   RegionWith6DoFStruct(!region_location_included_flag, 
                     !region_rotation_included_flag, 
                     !region_range_included_flag,
                     region_shape_type,
                     region_interpolate_included_flag);
}
interpolate indicates the continuity in time of the successive samples. When true, the application may linearly interpolate values of the ROI coordinates between the previous sample and the current sample. When false, there shall not be any interpolation of values between the previous and the current samples. 
NOTE	When using interpolation, it is expected that the interpolated samples match the presentation time of the samples in the referenced track. For instance, for each video sample of a video track, one interpolated 2D Cartesian coordinate sample is calculated.
Sync samples for region metadata tracks are samples for which the interpolate value is 0
0.2.5 Viewports with 3DoF (for 2D faces/tiles in 3D space)
	 
0.2.5.1 Sample Entry
Sample Entry Type:	'6dvp'
Container: 	Sample Description Box (‘stsd’)
Mandatory:	No
Quantity:	0 or 1
aligned(8) class 6DoFViewportSampleEntry
	extends MetadataSampleEntry (‘6dvp’) {
   bit(4) reserved = 0;
   unsigned int(1) position_included_flag; 
   unsigned int(1) orientation_included_flag; 
   unsigned int(1) range_included_flag; 
   unsigned int(1) interpolate_included_flag; 
   unsigned int(8) shape_type; // 2 or 3 for 3D bounding box or sphere 
   ViewportWith6DoFStruct(position_included_flag, 
                          orientation_included_flag, 
                          range_included_flag, 
                          shape_type); 
                          interpolate_included_flag);
}
0.2.5.2 Sample format
aligned(8) class 6DoFViewportSample(){
ViewportWith6DoFStruct(!position_included_flag, 
                        !orientation_included_flag, 
                        !range_included_flag, 
                        !shape_type); 
                        !interpolate_included_flag);   
}
interpolate indicates the continuity in time of the successive samples. When true, the application may linearly interpolate values of the ROI coordinates between the previous sample and the current sample. When false, there shall not be any interpolation of values between the previous and the current samples. 
NOTE	When using interpolation, it is expected that the interpolated samples match the presentation time of the samples in the referenced track. For instance, for each video sample of a video track, one interpolated 2D Cartesian coordinate sample is calculated.
Sync samples for region metadata tracks are samples for which the interpolate value is 0.

0.3 Timed Metadata for Spatial Relationships of Immersive Media 
1 [bookmark: _Toc422956827][bookmark: _Toc434254161][bookmark: _Toc452644372][bookmark: _Toc473896205][bookmark: _Toc11410787]
2 
3 
4 
5 
6 
0.3.1 General	Comment by XinWang MediaTek: This section needs to be updated according to the latest Carriage of V3CD FDIS spec or moved to TuC if the latter is not in time for issuing this FDAM1 spec, per the USNB comment.
This clause defines metadata data structures for spatial sources (e.g., 3D bounding boxes) and regions within the sources of immersive media, especially visual volumetric video-based coding data (V3C), and their carriage in timed metadata tracks for signaling spatial relationship of the sources and regions. Figure 1 shows the reference coordinate system used as the 3D Cartesian coordinate system with 6DoF. 
[image: ]
Figure 1 — Reference coordinate system

3 
0.3.2 [bookmark: _Ref69660350]3D Spatial Region Metadata Data Structures
0.3.2.1 General
In order to specify spatial relationships of regions within their respective sources, some common metadata data structures are defined in this subsection. 

3.1 
3.2 
0.3.2.2 Syntax 
6 
7 
7.3 
aligned(8) class 3DPoint() {
	unsigned int(16) x;
	unsigned int(16) y;
	unsigned int(16) z;
}
aligned(8) class CuboidRegionStruct() {
	unsigned int(16) cuboid_dx; 
	unsigned int(16) cuboid_dy; 
	unsigned int(16) cuboid_dz;
}
aligned(8) class 3DSpatialRegionStruct(dimensions_included_flag) {
	unsigned int(16) 3d_region_id;
	3DPoint anchor;
	if (dimensions_included_flag) {
		CuboidRegionStruct();
	}
}
aligned(8) class 3DBoundingBoxStruct() {
	unsigned int(16) bb_dx; 
	unsigned int(16) bb_dy; 
	unsigned int(16) bb_dz;
}
aligned(8) class V3CSpatialRegionsBox extends FullBox('v3sr',0,0) {
	unsigned int(16) num_regions;
	for (i = 0; i < num_regions; i++) {
		3DSpatialRegionStruct(1);
		unsigned int(8) num_track_groups;
		for (j=0; j<num_ track_groups; j++) {
			unsigned int(32) track_group_id;
		}
	}
}
0.3.2.3 Semantics
3d_region_id is an identifier for the spatial region. 
x, y, and z specify the x, y, and z coordinate values, respectively, of a 3D point in the Cartesian coordinate system.  
cuboid_dx, cuboid_dey, and cuboid_dz indicate the dimensions of the cuboid sub-region in the Cartesian coordinates along the x, y, and z axes, respectively, relative to an anchor point. 
bb_dx, bb_dy, and bb_dz indicate the extension of the 3D bounding box of the entire volumetric media in the Cartesian coordinates along the x, y, and z axes, respectively, relative to the origin (0,0,0).
dimensions_included_flag is a flag that indicates whether the dimensions of the spatial region are signalled. 
num_regions indicates the number of 3D spatial regions in the volumetric media.
num_track_groups indicates the number of track groups associated with a 3D spatial region.
track_group_id identifies the track group for the tracks which carry the V3C components for the associated 3D spatial region.

0.3.3 Signalling of Spatial Relationship of Spatial Regions in Timed Metadata Tracks
7 [bookmark: _Toc24122610]
8 
8.1 
8.2 
3.3 
0.3.3.1 General

This subclause shows signalling of the following spatial relationships within timed metadata tracks using the spatial source and region metadata data structures in subclause 8.2, when individual tracks carry visual content of spatial regions:
· Dynamic spatial region metadata (for partial access of 3D volumetric media data)



Sample Entry Type:	'dysr'
Container: 	Sample Description Box ('stsd')
Mandatory:	No
Quantity:	0 or 1
If an immersive media track (e.g., V3C track) has an associated timed-metadata track with a sample entry type 'dysr', 3D spatial regions defined for the volumetric media stream carried by the immersive media (e.g., V3C) track are considered as dynamic regions (i.e., the spatial region information may dynamically change over time). 
The associated timed-metadata track shall contain a 'cdsc' track reference to the immersive media track.
0.3.3.2 Syntax
aligned(8) class DynamicSpatialRegionSampleEntry extends MetaDataSampleEntry('dysr') {
	V3CSpatialRegionsBox();
}
aligned(8) DynamicSpatialRegionSample() {
	unsigned int(16) num_regions;
	for (i = 0; i < num_regions; i++) {
		3DSpatialRegionStruct(dimensions_included_flag);
	}
}
0.3.3.3 Semantics
3DSpatialRegionStruct() is specified in subclause 8.2. 
num_regions indicates the number of 3D spatial regions signalled in the sample. This may not necessarily be equal to the total number of available regions. Only spatial regions whose position and/or dimensions are being updated are present in the sample.
num_track_groups indicates the number of track groups associated with a 3D spatial region.
track_group_id identifies the track group for the tracks which carry the immersive media (e.g., V3C) components for the associated 3D spatial region.
3DSpatialRegionStruct() is specified in subclause 8.2. 
dimensions_included_flag is equal to 0 that indicates that the dimensions are not signalled and implies that they have been previously signalled for the same region (i.e., a previous instance of a 3DSpatialRegionStruct with the same 3d_region_id signalled the dimensions).
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