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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work.

The aintenance
are |described in the ISO/IEC Directives, Part 1. In particular, the different approyal criteria
needed for the different types of document should be noted. This documentwas|drafted in

accopdance with the editorial rules of the ISO/IEC Directives, Part 2 (see www.iso!érg/directives or

nay involve
ipplicability
bnt, [SO and

ent. However,
implementers are cautioned that this may not represent the latest'information, which may})e obtained
nd [EC shall

terms and
lherence to
orld Trade Organization (WTO) principles in the Technical Barriers to Trade| (TBT) see

.iso.org/iso/foreword.html. In the IEC, see www.iec.ch/understanding-standards.

document was prepared by Joint Technical Committee ISO/IEC JTC 1, Information
ommittee SC 29, Coding of audio/picture, multimedia and hypermedia information.

technology,

f of all parts in the ISO/IEC\23090 series can be found on the ISO and IEC websites.

Any |feedback or questigns on this document should be directed to the user’s national standards
body. A complete listing of these bodies can be found at www.iso.org/memberns.html and
www.iec.ch/nationdl-committees.
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Introduction

This document was developed to support compression of immersive video content, in which a real
or virtual 3D scene is captured by multiple real or virtual cameras. The use of this document enables
storage and distribution of immersive video content over existing and future networks, for playback
with 6 degrees of freedom of view position and orientation.
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Information technology — Coded representation of
immersive media —

Part 12:
MPEG immersive video

1 Bcope

This| document specifies the syntax, semantics and decoding processes for MPEG immersive video
(MIV), as an extension of ISO/IEC 23090-5. It provides support for playback of a.three-dimensional (3D)
sceng within a limited range of viewing positions and orientations, with 6 Dégrees of Freedom (6DoF).

2 Normative reference

The [following documents are referred to in the text in such arway that some or all of their content
consftitutes requirements of this document. For dated referencés, only the edition cited ppplies. For
undgted references, the latest edition of the referenced dociment (including any amendments) applies.

ISO/JEC 23090-5%), Information technology — Coded Reptesentation of Immersive Media — Part 5: Visual
Volumetric Video-based Coding (V3C) and Video-based Point Cloud Compression (V-PCC)

3 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 23090-5 and the following
apply.

ISO gdnd [EC maintain terminology‘databases for use in standardization at the following addresses:

— IS0 Online browsing platferm: available at https://www.iso.org/obp

— |EC Electropedia: available at https://www.electropedia.org/

31
atlas sample
position on the’rectangular frame associated with an atlas

3.2
cod¢d M1V sequence
codefdV/3C sequence conforming to the constraints specified in this document

3.3

decoding process

process specified in this document that reads a bitstream and derives patch data and related information
that can be used to render a viewport (3.22)

3.4
decoding order
order in which syntax elements are processed by the decoding process (3.3)

1) Under preparation. Stage at time of publication: ISO/IEC FDIS 23090-5:2023.
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3.5

field of view

FOV

angular region of the observable world in captured/recorded content or in a physical display device

3.6
MIV access

unit

V3C composition unit that is a set of all sub-bitstream access units (3.13) that share the same decoding
order (3.4) count

3.7

MIV coded pub-bitstreamrsequence
sub-bitstreamn IRAP access unit (3.14) followed by zero or more sub-bitstream access units (3.13)

Note 1 to entry: A MIV coded sub-bitstream sequence is a coded sub-bitstream sequence conforming t

constraints g

3.8
MIV IRAP 4
MIV access
(3.14)

Note 1 to en
this documen

3.9
multi-plan
MPI

set of pairs
geometry f1

3.10
renderer

embodimenit of a process to create a viewport (3:22) from a volumetric frame corresponding to a vie,

orientation

3.11

source
one or more
information

3.12

source view

source (3.11
have been a

3.13

pecified in this document.

ccess unit
init (3.6) for which all sub-bitstream access units (3.13) are sub-bitstream IRAP access

ry: A MIV IRAP access unit is a V3C IRAP composition unit conforining to the constraints specifi
(.

e image

of texture and transparency attribute frames; each associated with an implicit cons
ame

[3.19) and viewing position (3.20)

video sequences, each’ containing geometry or an attribute such as texture and transpar
before encoding

video material before encoding that corresponds to the format of a view (3.15), which
cquired:by capture of a 3D scene by a real or virtual camera

b the

Lnits

ed in

tant

wing

ency

may

sub-bitstr
partition of

Note 1 to ent

3.14

AT ACCESS Uit
a sub-bitstream that has a certain decoding order (3.4) count

ry: A sub-bitstream access unit is a sub-bitstream composition unit.

sub-bitstream IRAP access unit
sub-bitstream access unit (3.13) that forms an independent random-access point for the sub-bitstream

Note 1 to ent

3.15
view

ry: A a sub-bitstream IRAP access unit is a sub-bitstream IRAP composition unit.

2D rectangular arrays of view samples (3.18) consisting of attribute frames and corresponding geometry
frame representing the projection of a volumetric frame onto a surface using view parameters (3.16)

2
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3.16

view parameters

parameters of the projection used to generate a view (3.15) from a volumetric frame, including intrinsic
and extrinsic parameters

3.17
view parameters list
listing of one or more view parameters (3.16)

3.18
view sample

posifiomomm the Tectangutar franme associated withra view (3:15]

3.19
viewing orientation
unitijquaternion representing the orientation of a user who is consuming the visual i€ontent

3.20
viewing position
triple of x, y, z characterizing the position in the Cartesian coordinates of-a user who is conjsuming the
visugl content

3.21
viewing space
dompin constraints for an intended viewport (3.22) rendering

Note|1 to entry: The domain is defined in the 3D global space and related to the viewing orientation (3.19); it
defines a scale between 0 and 1 for every point in space far a’given direction of the viewport (3.22), to be used by
the application.

3.22
viewport
view|(3.15) suitable for display and viewing

4 Abbreviated terms

For §he purposes of this docliment, the abbreviated terms given in ISO/IEC 23090-5 and the following
apply.

CSG constructive solid geometry
ERP equirectangular projection
HMI head-mounted display

MIV MPEG immersive video

OMAF Omnidirectional media format

5 Conventions

The specifications in ISO/IEC 23090-5:—, Clause 5 and its subclauses apply with the following addition
to subclause 5.8:

Cos( x) the trigonometric cosine function operating on an argument x in units of radians

Dot( x,y ) dot product function, known also as scalar product function, operating on two vectors x
andy

Norm( x ) = Sqrt( Norm2(x,x))

© ISO/IEC 2023 - All rights reserved 3
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Norm2( x ) = Abs( Dot(x,x))
Sin( x ) the trigonometric sine function operating on an argument x in units of radians

mt the ratio of a circle's circumference to its diameter

6 Overall V3C characteristics, decoding operations, and post-decoding processes

The specifications in ISO/IEC 23090-5:—, Clause 6 apply.

7 Bitstream format, partitioning, and scanning processes

7.1 General

The specifidations in ISO/IEC 23090-5:—, subclause 7.1 apply.

7.2 V3C bitstream formats
The specifidations in ISO/IEC 23090-5:—, subclause 7.2 apply.

7.3 NAL bitstream formats

The specifidations in ISO/IEC 23090-5:—, subclause 7.3 apply.

7.4 Partitioning of atlas frames into tiles

The specifidations in ISO/IEC 23090-5:—, subclause 7.4 apply.

7.5 Tile partition scanning processes

The specifidations in ISO/IEC 23090-5:—, sub¢lause 7.5 apply.

7.6 Mapping of views to V3C components
This subclapise describes the concept of views and its mapping to patches in V3C components.

A view reprjesents a field of iéw of a volumetric frame for a particular view position and orientgtion.
Eachview, ata given time,instance, may be represented by one 2D frame providing geometry information
plus one 2D|frame per.attribute, providing attribute information, and occupancy information that{may
either be emmbedded-within geometry or represented explicitly as a 2D frame. Each view may us¢ the
equirectangular, perspective, or orthographic projection format. The atlas components of a view use
the same prjojection format.

The volumetrie atrd-al-views-eachhaveatrassociatedreferenceframe—€ar 1 ates of
3D points can therefore be expressed according to the reference frame of the scene, as represented by
the volumetric frame, or according to the reference frame of any view. The camera extrinsic parameters
(position and orientation) of the views specify the relations between their reference frames, enabling
switching of the 3D coordinate system to represent a 3D point from one reference frame attached to a
given view to another reference frame attached to another view.

A coded atlas contains information describing the patches within the atlas. For each patch, a view ID is
signalled which identifies which view the patch originated from.

A patch represents a rectangular region of a view, with corresponding regions in all present atlas
components: attribute(s), geometry, and occupancy. The size (width and height) of each patch in an atlas
is signalled. In this version of the document, the size of a patch is always the same as the corresponding

4 © ISO/IEC 2023 - All rights reserved
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rectangular region in the view texture attribute component, but scaling may optionally be applied to
the geometry component or the occupancy component.

Figure 1 shows an illustrative example, in which two atlases contain five patches, which are mapped to
three views, with a texture attribute component and a geometry component.

SO S1 S2
P5 - P5 i R Y
S CEEEL A . ; | B> VO
b : b Eiii PE
o i 1 ol - 122222222 -
i i ol 22222222 ¢
- P2 P2 :
Ap ( -
GO MO 9 P8
D s
qg L \Al
P3 — P3 YV
. 1 p7 333333, P7 \
! [ 13333331 1757 oy : M
_____ > 1777} o
P3
Al P7 V2
61 M1 T
N J [ L}
Key
AO0-AfL decoded attribute frames for atlas 0 and %
GO-GlL  decoded geometry frames for atlas 0 and'1

MO-MI1 maps for atlas 0 and 1
PO-P8  patches

SO stage 0 where attribute and geometry frames are decoded for each atlas
S1 stage 1 where block to pat¢h mapping is performed
S2 stage 2 where patches-are mapped to views

VO-VR reconstructed views

Figure 1 — Example mapping of 5 patches in 2 atlases to 3 views

7.7 | Sources and outputs

The poltimetric video source that is represented by the bitstream is a sequence of volumetric frames.
Each volumetric frame is represented by one or more view frames, each of which may be represented
by a geometry picture, an attribute picture for each attribute, and occupancy information, which may
be conveyed in the geometry picture or represented separately.

The outputs of the decoding process are described in subclause 9.1.

The outputs of the non-normative rendering process of Annex H are a sequence of one or more views.
The number of views and the associated view parameters may be selected by the application. For
example, a single view may be output corresponding to a viewport suitable for display, or a set of views
may be output which correspond to the source view parameters.

© ISO/IEC 2023 - All rights reserved 5
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8 Syntax and semantics

8.1 Method of specifying syntax in tabular form
The specifications in ISO/IEC 23090-5:—, subclause 8.1 apply.

8.2 Specification of syntax functions and descriptors

The specifications in ISO/IEC 23090-5:—, subclause 8.2 apply.

8.3 Syntdxin tabular form

8.3.1 Gerneral syntax
The specifidations in ISO/IEC 23090-5:—, subclause 8.3 apply with the following addition:

An overview of the V3C bitstream structure with MIV extensions is represented iriEigure 2.

-
V3C sample strpam f V3C parameter set Atlas data Atlas sub bitstream f Atla ubﬁce Atlas tile layer (ATL)
para; emet (ASPS) [only V3C_AD]
sample streqm | Unit type V3C_VPS | | Unit type V3C_AD | sample stream \\@Va‘C_AD]
V3C heade Patch data unjt
V3C parameter set [ vesiD || AdasiD | NAL header ASPS parameters ... | w
sample stredm VPS parameters... | Atlas sub bitstream | K sample stream T e — }
V3C unit r— NAL unit k _ Patch data un}t
: V extension C Atlas dat .
V3C unit :I N ommon as data NAL unit ) Atlas frame par T
sample stredm | Unittype V3C_CAD | po— ANy [seIt (23!21’:2) ; g
3 only V3C.
V3C unit Geometry video data VPS ID NAL unit AFPS parameters @ atlas Flame
V3C unit :I | Unit type V3C_GVD | | Atlas sub bitstream | 1 [on Iy((l:’;z)CAD]
N (@ atlas seq -
| VPS ID ” Atlas ID | Attribute video data 7 par set (CASPS) frame order cofint
i " ly V3C_CAD,
| Aux.videoflag | | Unit type V3C_AVD NAL unit fonbyvc.cal CAF MIV
| Video sub bitstream || ["vpsiD ][ AtasiD || | [ unicpe | LA Pl
—= CASPS MIV ext. updatce
| Video sub bitstream | | Layer ID | " -
= volumetric usability
o e Temporal ID Information (VUI) Supplementdl
it st A
unitstream Packed video data OCC‘{@I video data Raw byte sequence| ¥ In?:rl:::iil::?;il)
V3C unit - < payload (RBSP) Atlas adaptation
| Unittypev3c_pvp | A it type V3C_OVD | par set (AAPS) SEI messageb
V3C unit [ vesip |[ adasip |[NZvesiD [ Atasip | [V3C.AD or V3C.CAD]
Video sub bitstream | Video sub bitstream | L AAPS parameters...
. Iﬁ
Figurie 2 — Overview of V3C bitstream with MIV extensions
8.3.2 V3( unijt syntax
The specifidations in ISO/IEC 23090-5:—, subclause 8.3.2 apply.

8.3.3 Byte alignment syntax
The specifications in ISO/IEC 23090-5:—, subclause 8.3.3 apply.

8.3.4 V3C parameter set syntax

The specifications in ISO/IEC 23090-5:—, subclause 8.3.4 apply.

8.3.5 NAL unit syntax
The specifications in ISO/IEC 23090-5:—, subclause 8.3.5 apply.

6 © ISO/IEC 2023 - All rights reserved
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8.3.6 Raw byte sequence payloads, trailing bits, and byte alignment syntax

The specifications in ISO/IEC 23090-5:—, subclause 8.3.6 apply.

8.3.7 Atlas tile data unit syntax

The specifications in ISO/IEC 23090-5:—, subclause 8.3.7 apply.

8.3.8 Supplemental enhancement information message syntax

The specifications in ISO/IEC 23090-5:—, subclause 8.3.8 apply.

8.3.9 V3C MIV extension syntax in tabular form

8.3.9.1 V3C parameter set MIV extension syntax

vps]miv_extension( ) {

Descriptor

yme_geometry_scale_enabled_flag u(1)
yme_embedded_occupancy_enabled_flag u(1)
if( !'vme_embedded_occupancy_enabled_flag)

vme_occupancy_scale_enabled_flag u(1)

roup_mapping( )

aQ

}

8.3.9.2 Group mapping syntax

groyp_mapping( ) {

Descriptor

gm_group_count u(4)
if( gm_group_count>0)
for( k = 0; k <= vps_atlas_count_minusl; k++ )
j=vps_atlas_id[ k ]
gm_group_id[j ] u(v)
}
8.3.9.3 Atlas séquence parameter set MIV extension syntax
asp$_miv_extension( ) { Descriptor
dsmé_ancillary_atlas_flag u(1)
dsmé_embedded_occupancy enabled_flag u(1)
if( asme_embedded_occupancy_enabled_flag)
asme_depth_occ_threshold_flag u(1)
asme_geometry_scale_enabled_flag u(1)
if(asme_geometry_scale_enabled_flag ) {
asme_geometry_scale_factor_x_minus1 ue(v)
asme_geometry_scale_factor_y_minus1 ue(v)
}
if( lasme_embedded_occupancy_enabled_flag )
asme_occupancy_scale_enabled_flag u(1)

if(lasme_embedded_occupancy_enabled_flag && asme_occupancy_scale_enabled_flag) {

© ISO/IEC 2023 - All rights reserved
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asme_occupancy_scale_factor_x_minus1 ue(v)
asme_occupancy_scale_factor_y_minus1 ue(v)
}
asme_patch_constant_depth_flag u(1)
asme_patch_attribute_offset_enabled_flag u(1)
if(asme_patch_attribute_offset_enabled_flag)
asme_patch_attribute_offset_bit_depth_minus1 ue(v)
asme_max_entity_id ue(v)
asme_ifjpaint_enabled_flag u(d)
}
8.3.9.4 Aflas frame parameter set MIV extension syntax
afps_miv_ektension( ) { Descriptor
if( !afps|lod_mode_enabled_flag ) {
afmg_inpaint_lod_enabled_flag u(1)
if( afme_inpaint_lod_enabled_flag) {
afime_inpaint_lod_scale_x_minus1 ue(v)
affime_inpaint_lod_scale_y_idc ue(v)
}
}
}
8.3.9.5 Common atlas sequence parameter set MIV extension syntax
casps_miv_extension( ) { Descripttor
casme_{lepth_low_quality_flag u(1)
casme_(lepth_quantization_params_present_flag u(1)
casme_yui_params_present_flag u(1)
if( casmp_vui_params_present_flag )
vui_parameters( )
}
8.3.9.6 Commonatlas frame
8.3.9.6.1 MIV extension syntax
caf_miv_extension( ) { Descriptor
if( nal_unit_type == NAL_CAF_IDR ) {
miv_view_params_list()
}else {
came_update_extrinsics_flag u(1)
came_update_intrinsics_flag u(1)
if( casme_depth_quantization_params_present_flag )
came_update_depth_quantization_flag u(1)

if( came_update_extrinsics_flag)

© ISO/IEC 2023 - All rights reserved
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miv_view_params_update_extrinsics( )

if( came_update_intrinsics_flag)

miv_view_params_update_intrinsics( )

if( came_update_depth_quantization_flag )

miv_view_params_update_depth_quantization( )

8 3 L RAIV 3 - Lick 'y
e FaUnku IVIIV VIUW Pal dIIICITCTI O 1150 a_yuu:u\

miv|view_params_list() { Descriptor

mvp_num_views_minus1 u(16)

hvp_explicit_view_id_flag u(1)

=

F( mvp_explicit_view_id_flag )

—

for( v =0; v <= mvp_num_views_minus1; v++ )

mvp_view_id[ v ] u(16)

fpr(v =0; v <= mvp_num_views_minus1; v++ ) {

camera_extrinsics(v)
mvp_inpaint_flag[ v ] u(1)

hvp_intrinsic_params_equal_flag u(1)

=

-

br( v = 0; v <= mvp_intrinsic_params_equal«flag ? 0 : mvp_num_views_minus1; v++ )

camera_intrinsics( v)

F( casme_depth_quantization_params.present_flag) {
mvp_depth_quantization_params_equal_flag u(1)
for(v=0;v<=mvp_depth_quantization_equal_flag? 0 : mvp_num_views_minus1; v++)

—

depth_quantization( v)

hvp_pruning_graph,_params_present_flag u(1)

=

if (mvp_pruning_graph_params_present_flag)

for( v = 0; w<=mvp_num_views_minusl; v++)

pruning_parents(v)

}

8.3.9.6:3° MIV view parameters update extrinsics syntax

miv_view_params_update_extrinsics( ) { Descriptor

mvpue_num_view_updates_minus1 u(16)

for(i=0;i<=mvpue_num_view_updates_minusl; i++) {

mvpue_view_idx[ i ] u(16)

camera_extrinsics( mvpue_view_idx[i])
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8.3.9.6.4 MIV view parameters update intrinsics syntax

miv_view_params_update_intrinsics( ) { Descriptor
mvpui_num_view_updates_minus1 u(16)
for(i=0;i<=mvpui_num_view_updates_minusl; i++) {
mvpui_view_idx[ i ] u(16)
camera_intrinsics( mvpui_view_idx[i])
}
}
8.3.9.6.5 MIV view parameters update depth quantization syntax
miv_view_garams_update_depth_quantization( ) { Descripttor
mvpudq_num_view_updates_minus1 u(16)
for(i=(;i<=mvpudq_num_view_updates_minusl; i++ ) {
mvphdq_view_idx[ i ] u(16)
depth_quantization( mvpudq_view_idx[i] )
}
}
8.3.9.6.6 [Camera extrinsics syntax
camera_ex{rinsics(v) { Descripttor
ce_view pos_x[ v ] f1(32]
ce_view pos_y[ V] f1(32]
ce_view pos_z[ V] f1(32]
ce_view quat_x[ v ] i(32)
ce_view quat_y[ v ] i(32)
ce_view quat_z[ v ] i(32)
}
8.3.9.6.7 [Camera intrin§i¢S syntax
camera_infrinsics( v Descripjtor
ci_cam jtypefar) u(8)
ci_proi4ction_plane_width_minus1[ V] u(16)
ci_projeetion—plane-height-minust- w6
if(ci_cam_type[v]==0){ /* equirectangular */
ci_erp_phi_min| v ] f1(32)
ci_erp_phi_max| v ] f1(32)
ci_erp_theta_min[ v ] f1(32)
ci_erp_theta_max[ v ] f1(32)
}else if( ci_cam_type[v]==1){ /* perspective */
ci_perspective_focal_hor[ v | f1(32)
ci_perspective_focal_ver[ v ] f1(32)
ci_perspective_principal_point_hor|[ v ] f1(32)

10
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ci_perspective_principal_point_ver[ v ] f1(32)
}else if( ci_cam_type[v] ==2) { /* orthographic */
ci_ortho_width|[ v ] f1(32)
ci_ortho_height[ v ] f1(32)
}
}
8.3.9.6.8 Depth quantization syntax
depth_quantization(v ) { Descriptor
dq_quantization_law][ v ] ue(v)
if( dg_quantization_law[v]==0){
dq_norm_disp_low][ v ] f1(32)
dq_norm_disp_high[ v ] f1(32)
)
dq_depth_occ_threshold_default| v ] ue(v)
}

8.3.9.6.9 Pruning parents syntax

pruhing_parents( v ) {

Descriptor

pp_is_root_flag| v ] u(1)
if( 'pp_is_root_flag[ v]) {
pp_num_parents_minus1| v ] u(v)
for(i=0;i<=pp_num_parents_minuts1[ v ]; i++)
pp_parent_idx[ v ][i] u(v)

}

8.3.9.7 Patch data unit MIV extension syntax

pduf miv_extension{_tilelD, p) {

Descriptor

if( asme_maxuentity_id > 0)

pdu_.éntity_id] tileID ][ p ] u(v)
if( asme: depth_occ_threshold_flag)

pdu_depth_occ_threshold]| tileID ][ p ] u(v)
if( asme_patch_attribute_offset_enabled_flag)

for(c=0;c<3;c++){

pdu_attribute_offset[ tileID ][ p ][ c] u(v)

if(asme_inpaint_enabled_flag)

pdu_inpaint_flag| tileID |[ p ] u(1)

© ISO/IEC 2023 - All rights reserved
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8.4 Semantics

8.4.1 General semantics

The specifications in ISO/IEC 23090-5:—, subclause 8.4 apply with the following addition.

It is a requirement of bitstream conformance that asps_geometry_3d_bit_depth_minusl and asps_
geometry_2d_bit_depth_minus1 shall be equal to gi_geometry_3d_coordinates_bit_depth_minus1 and
gi_geometry_2d_bit_depth_minusl, respectively.

8.4.2 V3CMIV extension semantics

8421 V
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to 0.

count specifies the total number of supported groups in the current bitstream. The val

ue of

gm_group

gm_group_count shall be in the range of 0 to 15, inclusive.

gm_group_id[ k ] specifies the ID of the group for the atlas with ID equal to k. The number of bits used
to represent gm_group_id[ k ] is equal to Ceil( Log2( gm_group_count) ).

Atlases indicated by the same group ID should be used together for reconstruction. The constant
MaxAtlasCountis set equal to 64. The 1D array AtlasGroupld of size MaxAtlasCount is derived as follows:

if ( gm _group count > 0 )

for?
]
A

12

tlasGrgupId[ J ]

{
0; k <= vps_atlas count minusl; k++ )
vps atlas id[ k ]

gm_group_ id[ J

k

{

]
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8.4.2.3 Atlas sequence parameter set MIV extension semantics

The variable aspsAtlasiD is set equal to vuh_atlas_id of the ASPS RBSP or determined through external

means if the V3C unit header is unavailable.

The 1D arrays AspsFrameWidth and AspsFrameHeight of size MaxAtlasCount are derived as

AspsFrameWidth[ aspsAtlasID ]
AspsFrameHeight [ aspsAtlasID ]

asps_ frame width
asps_frame height

follows:

asme_ancillary_atlas_flag equal to 1 indicates that the patches of the atlas are not intended to be

used for view rendering. asme_ancillary_atlas_flag equal to 0 indicates that the patches

of the atlas

are intended to be used for view rendering. When not present, the value of asme_ancillary |
inferred to be equal to 0.

NOTE

- Patches belonging to atlases with this flag set to 1 may describe the unseen rear sides o
be us

eful in application-specific collision detection, interactions, or scene relighting.
asm
is pr
dete

e_embedded_occupancy_enabled_flag equal to 1 specifies that the)occupancy
esent in the V3C sub-bitstream component corresponding to the géémetry compone
Fmined through either examining if vuh_unit_type is equal to V3C-GVD or through ext¢
if the¢ V3C unit header is unavailable. asme_embedded_occupancy_erabled_flag equal to O sj
occupancy information is not present or present in the V3C sub-bitstfeam component corre
the gccupancy component, which is determined through either.examining if vuh_unit_typ
V3C|OVD or V3C_PVD or through external means if the V3Canit header is unavailable.

Itis @ requirement of bitstream conformance that the value of asme_embedded_occupancy_g
shall be equal to the value of vme_embedded_occupaney enabled_flag when the V3C VPS is

asmp_depth_occ_threshold_flag equal to 1 specifies that the pdu_depth_occ_threshold syn
is pijesent in the pdu_miv_extension( ) syntax Structure. asme_depth_occ_threshold_flag
speciifies that the pdu_depth_occ_threshold:syntax element is not present in the pdu_miv_
syntpx structure. When not present, the value of asme_depth_occ_threshold_flag is inferred
to 0.

The [LD array AsmeDepthOccThresholdFlag of size MaxAtlasCount is derived as follows:

meDepthOccThresholdFlagy aspsAtlasID ] asme depth occ threshold flag

asmp_geometry_scale_enabled_flag equal to 1 specifies that the V3C sub-bitstream
corrgsponding to the geometry components, which are determined through either exami
unit)type is equal to V3C_GVD or through external means if the V3C unit header is unav
have a different coded picture width and height than the atlas frame width and height, 1
spedified in thesactive atlas sequence parameter set RBSP. When asme_geometry_scale_enz:

atlas_flag is

F objects, and

nformation
nt, which is
brnal means
becifies that
sponding to
b is equal to

nabled_flag
available.

tax element
equal to 0
bxtension( )
to be equal

component
hing if vuh_
hilable, may
espectively,
bled_flag is

equdl to 0, itds)a requirement of bitstream conformance that the picture width and picture leight of the

V3C sub-bitstream component corresponding to the geometry components be equal to the
width and’height, respectively, specified in the active atlas sequence parameter set RBSI]

atlas frame
P. When not

presgntythe value of asme geometry scale enabled flagis inferred to be equal to 0.

It is a requirement of bitstream conformance that the value of asme_geometry_scale_enabled_flag shall
be equal to the value of vme_geometry_scale_enabled_flag when the V3C VPS is available.

asme_geometry_scale_factor_x_minus1 plus 1 specifies a scale factor of the frame width of the
geometry video data of the atlas in relation to the nominal atlas width. When not present, the value of
asme_geometry_scale_factor_x_minusl is inferred to be equal to 0.

The 1D arrays AsmeGeometryScaleFactorX and AsmeGeometryFrameWidth of size MaxAtlasCount are
derived as follows:

AsmeGeometryScaleFactorX[ aspsAtlasID ]

asme geometry scale factor x minusl + 1

AsmeGeometryFrameWidth[ aspsAtlasID ]
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AspsFrameWidth|[ aspsAtlasID ]

It is

a requirement of bitstream

/ AsmeGeometryScaleFactorX[ aspsAtlasID ]

conformance that AspsFrameWidth| aspsAtlasiD

]

AsmeGeometryScaleFactorX[ aspsAtlasID | shall be equal to 0.

%

asme_geometry_scale_factor_y_minus1 plus 1 specifies a scale factor of the frame height of the
geometry video data of the atlas in relation to the nominal atlas height. When not present, the value of
asme_geometry_scale_factor_y_minusl is inferred to be equal to 0.

The 1D arrays AsmeGeometryScaleFactorY and AsmeGeometryFrameHeight of size MaxAtlasCount are
derived as follows:

AsmeGeo

AsmeGeo
Asp

It is a 1
AsmeGeome]

asme_occu
correspond
vuh_unit_tyj
unavailable
respectively
enabled_fla
and height
equal to the
set RBSP. W
0.

asme_occu
occupancy \
asme_occuy

The 1D arra
derived as f]

AsmeOcc

AsmeOcc
Asp

asme_occu
occupancy \
asme_occuy

The 1D arr3

etryScaleFactorY[ aspsAtlasID ]

asme geometry scale factor y minusl + 1

hetryFrameHeight [ aspsAtlasID ]=
EFrameHeight [ aspsAtlasID ] / AsmeGeometryScaleFactorY[ aspsAtlasID ]

aspsAtlasiD |

equirement of bitstream conformance that AspsFrameHeight|
tryScaleFactorY| aspsAtlasID ] shall be equal to 0.

pancy_scale_enabled_flag equal to 1 specifies that the V3C subibitstream compo
ng to the occupancy components, which are determined through either examini
pe is equal to V3C_OVD or V3C_PVD or through external means if the V3C unit head
may have a different coded picture width and height than thejatlas frame width and he
, specified in the active atlas sequence parameter set RBSP. When asme_occupancy_s
b is equal to 0, it is a requirement of bitstream conformance that the coded picture w
bf all the V3C sub-bitstream components correspording to the occupancy componen

hen not present, the value of asme_occupancy,_s€ale_enabled_flag is inferred to be equ

pancy_scale_factor_x_minus1 plus 1 spécifies a scale factor of the frame width o
rideo data of the atlas in relation to the mominal atlas width. When not present, the val
ancy_scale_factor_x_minusl is inferred to be equal to 0.

bllows:

hpancyScaleFactorX[ aspsAtlasID ] = asme occupancy scale factor x minusl +

hpancyFrameWidth L aspsAtlasID ]
EFrameWidth[ aspsAtlasID ] / AsmeOccupancyScaleFactorX[ aspsAtlasID ]

pancy_scale ‘factor_y_minus1 plus 1 specifies a scale factor of the frame height o
rideo data(of'the atlas in relation to the nominal atlas height. When not present, the val
ancy_scale_factor_y_minus] is inferred to be equal to 0.

%

nent
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er is
ight,
Cale_
ridth
s be

atlas frame width and height, respectively, specified'in the active atlas sequence paranpeter

al to

[ the
e of

ys AsmeOccupancyScaleFactorX.and AsmeOccupancyFrameWidth of size MaxAtlasCounf are

[ the
e of

ys’AsmeOccupancyScaleFactorY and AsmeOccupancyFrameHeight of size MaxAtlasCou

derived as f]

pllows:

nrare

AsmeOccupancyScaleFactorY |

AsmeOccupancyFrameHeight [ aspsAtlasID ]
AspsFrameHeight[ aspsAtlasID ]

aspsAtlasID ]

asme_occupancy scale factor y minusl + 1

/ AsmeOccupancyScaleFactorY[ aspsAtlasID ]

asme_patch_constant_depth_flag equal to 1 indicates that the recommended depth for a patch be
derived based on patch data unit parameters instead of the geometry video data. asme_patch_constant_
depth_flag equal to 0 specifies that when vps_geometry_video_present_flag[ aspsAtlasiID ] is equal to 0,
the depth is determined by external means.

The 1D array AsmePatchConstantDepthFlag of size MaxAtlasCount is derived as follows:

AsmePatchConstantDepthFlag[ aspsAtlasID ]

asme patch constant depth flag
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asme_patch_attribute_offset_enabled_flag equal to 1 indicates that the asme_patch_attribute_
offset_bit_depth_minusl syntax element is present in the syntax structure. asme_patch_attribute_
offset_enabled_flag equal to 0 indicates that the asme_patch_attribute_offset_bit_depth_minus1 syntax
element is not present in the syntax structure.

asme_patch_attribute_offset_bit_depth_minus1 plus 1 specifies the number of bits used to represent
the pdu_attribute_offset[ tileID ][ p ][ ¢ ] syntax element. asme_patch_attribute_offset_bit_depth_
minus1 shall be in the range of 0 to ai_attribute_2d_bit_depth_minus1, inclusive.

asme_max_entity_id specifies the maximum value that can be indicated for the patch entity ID syntax
element, pdu_entity_id[ i ][ j ], for a patch with index j in a tile with tile ID equal to i. When not present,
the yalueof asmre_Tmax_entity_idisinferred to beequat to 6

asmp_inpaint_enabled_flag equal to 1 specifies that the pdu_inpaint_flag[ tileID,"[ |p ] syntax
elemlents are present in the pdu_miv_extension( ) syntax structure. asme_inpaint_.enabled_flag equal
to Ospecifies that the pdu_inpaint_flag[ tileID ][ p ] syntax elements are not present in the pdu_miv_
extension( ) syntax structure. When not present, the value of asme_inpaint_enabled_flag ig inferred to
be equal to 0.

8.4.2.4 Atlas frame parameter set MIV extension semantics

afme_inpaint_lod_enabled_flag equal to 1 specifies that the inpaint LOD parameters ar¢ present. If
afmeg_inpaint_lod_enabled_flag is equal to 0, no inpaint LOD parameters are present. When hot present,
the yalue of afme_inpaint_lod_enabled_flag is inferred to becequal to 0.

afme_inpaint_lod_scale_x_minus1 specifies the inpaiht LOD scaling factor to be applied to the
local x coordinate of a point in any patch with index'p’ of the current atlas tile, with tile({ID equal to
tileID, and with pdu_inpaint_flag[ tileID ][ p ] equal to 1, prior to its addition to the patch coordinate
TileRatch3dOffsetU] tileID ][ p ]. When not present, the value of afme_inpaint_lod_scale_k_minus1 is
inferfred to be equal to 0.

afme_inpaint_lod_scale_y_idc indicates.the LOD scaling factor to be applied to the local y cpordinate of
apointinany patch with index p of the cuftent atlas tile, with tile ID equal to tileID, and with pdu_inpaint_
flag]||tileID ][ p ] equal to 1, prior to its addition to the patch coordinate TilePatch3dOffsetV||tileID ][ p ]
Wheln not present, the value of afme inpaint_lod_scale_y_idc[ tileID ][ p ] is inferred to be equal to 0.

8.4.2.5 Common atlas sequence parameter set MIV extension semantics

casme_depth_low_quality_flag equal to 1 indicates that the depth fidelity confidence in geometry
videp sub-bitstreams,is low. casme_depth_low_quality_flag equal to 0 indicates that the d¢pth fidelity
confjdence is unknown. When not present, the value of casme_depth_low_quality_flag is inferred to be
equdl to 0.

NOTE Low depth fidelity indicates inconsistency in depth values between views. The encoderjmay set this
flag 4o 1 fov depth estimated on a natural content with an image-based depth estimation method.|The encoder
may petthis flag to 0 for depth derived from a 3D model on a computer generated content.

casme_depth_quantization_params_present_flag equal to 1 indicates that the depth quantization
parameters are present in the syntax structure. casme_depth_quantization_params_present_flag equal
to 0 indicates that the depth quantization parameters are not present in the syntax structure. When not
present, the value of casme_depth_quantization_params_present_flag is inferred to be equal to 1.

casme_vui_params_present_flag equal to 1 indicates that the vui_parameters( ) syntax structure
is present in this syntax structure. casme_vui_params_present_flag equal to 0 indicates that the vui_
parameters( ) syntax structure is not present in this syntax structure. It is a requirement of bitstream
conformance that the value of casme_vui_params_present_flag shall be equal to 0 for all non-IRAP
access units.
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8.4.2.6 Common atlas frame MIV extension semantics

came_update_extrinsics_flag equal to 1 indicates that the miv_view_params_update_extrinsics( )
syntax structure is present in this syntax structure. came_update_extrinsics_flag equal to 0 indicates
that the miv_view_params_update_extrinsics( ) syntax structure is not present in this syntax structure.

came_update_intrinsics_flag equal to 1 indicates that the miv_view_params_update_intrinsics( )
syntax structure is present in this syntax structure. came_update_intrinsics_flag equal to 0 indicates
that the miv_view_params_update_intrinsics( ) syntax structure is not present in this syntax structure.

came_update_depth_quantization_flag equal to 1 indicates that the miv_view_params_update_depth_

quantizatio

() cuuntas ot Qxzntasy anantiza
s

flag equal t
not present
flag is infer

8.4.2.6.1

mvp_num_
list represe

mvp_explic
the miv_vie
syntax elem

mvp_view_
in the rangg
document t
present, the

o ruaetiira o mracant 1o thic

H froettretspresenthrthissyrta
b 0 indicates that the miv_view_params_update_depth_quantization( ) syntax structu
in this syntax structure. When not present, the value of came_update_depth_quattiza
red to be equal to 0.

Iy IICOAS

MIV view parameters list semantics

yiews_minus1 plus 1 specifies the maximum number of views in an MIV view param
1ting a volumetric frame.

it_view_id_flag equal to 1 specifies that the syntax element mvp_view_id[ v ] is prese
v_params_list( ) syntax structure. mvp_explicit_view_id Alag equal to 0 specifies tha
ent mvp_view_id[ v ] is not present in the miv_view_params’list( ) syntax structure.

d[ v ] specifies the view ID of the view with index ¥/The value of mvp_view_id[ v ] sh3
of 0 to 65 535, inclusive. It is a requirement of bjtstyeam conformance to this version o
hat the value of mvp_view_id[ j ] shall not be equal to mvp_view_id[ k ] for all j != k. Whe
value of mvp_view_id[ v ] is inferred to be egual to v.

mvp_inpaipt_flag[ v ] equal to 1 specifies that the,wiew with index v is an inpaint view.

NOTE1 A

NOTEZ A

mvp_intrin
for the view
has the sam
0 specifies 1

renderer can sKip inpaint views.

sic_params_equal_flag equal to 1 specifies that the intrinsic parameters are signalled
with index 0 and each ¥iew with index in range of 1 to mvp_num_views_minus1, inclu
e intrinsic parameters as the view with index 0. mvp_intrinsic_params_equal_flag equ
hat the intrinsic parameters are explicitly signalled for each view with index in range

to mvp_nunp_views_minust; inclusive.

NOTE
cameras.

W

mvp_depth
parameters

hen mvp_infrinsic_params_equal_flag == 1, it is still allowed to send intrinsics updates for sp

_quantization_params_equal_flag equal to 1 specifies that the depth quantiz
aré signalled only for the view with index 0 and each view with index in range of
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renderer can use inpaint views to fender viewport regions that would otherwise require inpainting.
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ith

index 0. mvp_depth_quantization_params_equal_flag equal to 0 specifies that the depth quantization
parameters are explicitly signalled for each view with index in range of 0 to mvp_num_views_minusl,
inclusive.

NOTE When mvp_depth_quantization_params_equal_flag == 1, it is still allowed to send depth quantization
updates for specific cameras.

mvp_pruning_graph_params_present_flag equal to 1 specifies that the pruning_parents( ) syntax
structure is present in the miv_view_params_list( ) syntax structure. mvp_pruning_graph_params_
present_flag equal to 0 specifies that the pruning_parents( ) syntax structure is not present in the miv_
view_params_list( ) syntax structure.
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8.4.2.6.2 MIV view parameters update extrinsics semantics

mvpue_num_view_updates_minusl plus 1 specifies the number of camera_extrinsics( v ) syntax
structures that are present within this syntax structure. The value of mvpue_num_view_updates_
minus1 shall be in the range of 0 to mvp_num_views_minus], inclusive.

mvpue_view_idx[ i | specifies the view index for which updated camera extrinsic parameters will
be signalled. The value of mvpue_view_idx[ i ] shall be in the range of 0 to mvp_num_views_minus1,
inclusive. It is a requirement of bitstream conformance to this version of this document that the value of

mvpue_view_idx[ j ] shall not be equal to mvpue_view_idx[ k ] for all j I= k.

8.4.2.6.3 MIV view parameters update intrinsics semantics

mvpui_num_view_updates_minus1 plus 1 specifies the number of camera_intginsics(

stru

minys1 shall be in the range of 0 to mvp_num_views_minus1.
vau
be s

incly
mvp

i_view_idx[ i ] specifies the view index for which updated camerasintrinsic para

sive. It is a requirement of bitstream conformance to this versionof this document that
Li_view_idx[ j ] shall not be equal to mvpui_view_idx[ k | for allj}=k.

8.4.2.6.4 MIV view parameters update depth quantizatiofrsemantics

mvpudq_num_view_updates_minus1 plus 1 specifies the-humber of depth_quantization
stru
minys1 shall be in the range of 0 to mvp_num_viewsiminusl, inclusive.

_idx[ i ] specifies the view index fo¥'which updated depth quantization parg
be signalled. The value of mvpudq_view_idx[.id shall be in the range of 0 to mvp_num_vig
inclysive. It is a requirement of bitstream conhformance to this version of this document that|
mvppudq_view_idx] j ] shall not be equal to-mvpudq_view_idx[ k | for all j != k.

8.4.2.6.5 Camera extrinsics semantics

ce_vjew_pos_x| v | specifies.inmscene units the x-coordinate of the location of the view with
equdl to v.

ce_view_pos_y[ v ] specifies in scene units the y-coordinate of the location of the view with
equdl to v.

ce_view_pos_z}¢] specifies in scene units the z-coordinate of the location of the view with
equdl to v.

ce_vjew(quat_x| v | specifies the x component, gX[ v ], for the rotation of the view with|
equgltev using the quaternion representation. The value of ce_view_quat_x[ v ] shall be in

‘tures that are present within this syntax structure. The value of mvpuexium_vie

gnalled. The value of mvpui_view_idx[ i ] shall be in the range of/Q o mvp_num_vie

Ctures that are present within this syntax structure. The value of mvpudq_num_vie

v ) syntax
w_updates_

imeters will
ws_minusl1,
the value of

[ v) syntax
w_updates_

meters will
ws_minusl1,
the value of

view index

view index

view index

view index
the range of

-230%0 Z3% inclusive. When ce_view_quat_X] Vv | IS IOt present, 1ts value shall be inferred to be equal to

0. The value of gX[ v ] is computed as follows:

gX[v] =ce_view_quat_x[ v ] + 230

(M

ce_view_quat_y[ v | specifies the y component, qY[ v ], for the rotation of the view with view index
equal to v using the quaternion representation. The value of ce_view_quat_y[ v ] shall be in the range of
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-230 to 239, inclusive. When ce_view_quat_y[ v ] is not present, its value shall be inferred to be equal to
0. The value of qY[ v ] is computed as follows:

qY[v] =ce_view_quat_y[v] + 230

(2)

ce_view_quat_z[ v ] specifies the z component, gZ[ v ], for the rotation of the view with view index
equal to v using the quaternion representation. The value of ce_view_quat_z[ v ] shall be in the range of
-230to 239, inclusive. When ce_view_quat_z[ v ] is not present, its value shall be inferred to be equal to

0. The value of gZ[ v ] is computed as follows:

qzZlv]=

ce view quat z[v ]+ 230

(3)

The fourth
qwiv]

8.4.2.6.6

romponent, gW|[ v ], of the quaternion is calculated as follows:

= Sqrt(Max(0,1- (gX[v]*+qY[v]*+qZ[v]?)))

Camera intrinsics semantics

ci_cam_typle[ v ] specifies the projection method of the view with view index.equal to v. ci_cam_typ

equal to 0 s
cam_type| v
reserved fo
for specifica

ci_projecti
specify the
in coded lur

ci_erp_phi_
values) for §
max| v | shg

pecifies ERP projection. ci_cam_type[ v ] equal to 1 specifies a*perspective projectiol
] equal to 2 specifies an orthographic projection. ci_camtype values in range 3 to 12
- future use by ISO/IEC. ci_cam_type values in range 128\to 255 are unspecified (avai
tion by other standards).

bn_plane_width_minus1| v ] plus 1 and ci_projection_plane_height_minus1[ v | p
horizontal and vertical resolutions of the camera-projection planes, respectively, expre
ha samples.

min| v | and ci_erp_phi_max[ v ] spegify the longitude range (minimum and maxij
in ERP projection, as floating-point in\units of degrees. ci_erp_phi_min[ v ] and ci_erp|
1l be in the range -180 to 180.

ci_erp_thetla_min[ v | and ci_erp_theta_max| v | specify the latitude range (minimum and maxii

values) for
theta_max|

ci_perspec
in luma san
perspective

ci_perspec
point value
respectively
plane).

hn ERP projection, as floating-point in units of degrees. ci_erp_theta_min[ v | and ci,
v ] shall be in the range ~90to 90.

live_focal_hor[ v | and ci_perspective_focal_ver| v | are floating-point values that sp
ple position units the horizontal and vertical components, respectively, of the focal
projection.

five_prineipal_point_hor[ v | and ci_perspective_principal_point_ver[ v | are floa
s that specify in luma sample position units the horizontal and vertical coordin
r, of thieprincipal point of a perspective projection (intersection of optical axis with ix

(4)

e[ v]
n. Ci_
/ are
able

us 1
ssed

mum
| phi_

mum
erp_

eCify
of a

ting-
ates,
nage

ci_ortho_w

idth[ v ] and ci_ortho_height| v | are positive floating-point values that specify in s

cene

units (e.g. meters) the horizontal and vertical dimensions of the captured part of the volumetric frame.

8.4.2.6.7 Depth quantization semantics

dq_quantization_law|[ v ] specifies the type of depth quantization method of the view with view index
equal to v. dg_quantization_law[ v ] equal to O specifies a uniform quantization of the inverse of depth
values. Even values of dq_quantization_law[ v | greater than 0 are reserved for future use by ISO/IEC.
0dd values of dq_quantization_law][ v ] are outside the scope of this document.

dq_norm_disp_low][ v | and dq_norm_disp_high[ v ] specify the normalized disparity of the lowest
and highest signalled geometry values, respectively, in scene units (e.g. meters?1) of the view with
view index equal to v.
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dq_depth_occ_threshold_default[ v | specifies the default occupancy threshold used in the occupancy
value extraction process of the view with view index equal to v. When not present the value of dq_
depth_occ_threshold_default[ v ] is inferred to be equal to 0.

8.4.2.6.8 Pruning parents semantics

pp_is_root_flag[ v ] equal to 1 specifies that the view with view index equal to v has no parent in the
pruning graph at the encoder stage. pp_is_root_flag[ v ] equal to 0 indicates that the view with view
index equal to v has at least one parent in the pruning graph at the encoder stage.

pp_num_parents_minus1| v ] plus 1 specifies the number of parents of the view with view index equal
to v n the pruning graph at the encoder stage. pp_num_parents_minus1[ v | shall be in the range 0 to
mvp[ num_views_minus1, exclusive. The number of bits used to represent the syntax elemgnt pp_num_
parents_minusl[ v ] is Ceil( Log2( mvp_num_views_minusl ) ).

pp_parent_idx[ v ][ i ] specifies the index of the i-th parent view for the view with view
to v|in the pruning graph at the encoder stage. pp_parent_idx[ v ][ i | shall’not be equ
numper of bits used to represent the syntax element pp_parent_idx[ v ] is,Ceil{ Log2( mvp_
mingsl +1)).

index equal
al to v. The
hum_views_

8.4.2.7 Patch data unit MIV extension semantics

a tile with
ID ][ p | is
ange of 0 to

inferred to

pdu
ID e

| entity_id[ tileID ][ p ] specifies the entity ID of the pateh with index equal to p, in
ual to tileID. The number of bits used for the representation of pdu_entity_id[ til¢
Ceil(|Log2( asme_max_entity_id + 1 ) ). The value of pdw_entity_id[ tileID ][ p ] shall be in f
asm¢_max_entity_id, inclusive. When not present, thevalue of pdu_entity_id] tileID ][ p ] is
be equal to 0.

pdu

[depth_occ_threshold] tileID ][ p ] specifies'the threshold below which the occupa

defi

bit_d
to be

NOTE

with

pdu

of the attribute for theSpatch with index equal to p, in the tile with ID equal to tileID. Th¢
1sed to representpdu_attribute_offset[ tileID ][ p ][ ¢ ] is equal to asme_patch_attribute

bits

TLe
num,

epth_minus1 + 1. When not preseng;,the value of pdu_depth_occ_threshold][ tileID ][ p
equal to dq_depth_occ_thresholdidefault] pdu_projection_id|[ tileID ][ p] ]

v

pdu_projection_id[ tileID][ p ] corresponds to view ID of the patch with index equal to
[D equal to tilelD.

lattribute_offset[ tileID ][ p ][ c ] specifies an offset applied to the c-th component sa

d to be unoccupied for the patch with~ifidex equal to p, in the tile with ID equal tc
er of bits used to represent pdu_depth>occ_threshold[ tileID ][ p ] is equal to asps_g¢

hcy value is

tileID. The
ometry_2d_
| is inferred

p, in the tile

mple values
e number of
_offset_bit_

depth_minus1 + 1s When not present, the value of pdu_attribute_offset][ tileID ][ p ][ c ] is infferred to be
equdl to 0.

pdu/inpaint-flag] tileID ][ p ] equal to 1 specifies that the patch is an inpaint patch. When pdu_inpaint_
flag|| tilelD ][ p ] is equal to O, then the patch is not an inpaint patch. When not present, the value of
pdu finpaint_flag[ tileID ][ p ] is inferred to be equal to 0.

NOTE A renderer can use inpaint patches to render viewport regions that would otherwise require
inpainting.

8.4.3 Order of V3C units and association to coded information

The specifications in ISO/IEC 23090-5:—, subclause 8.4.2.5 apply with the following additions.

A bitstream consists of a series of coded MIV sequences. A VPS with vps_v3c_parameter_set_id equal to
vuh_v3c_parameter_set_id shall be available within the coded MIV sequence or provided via external
means before it is referenced in a V3C unit.

A bitstream contains one or more sub-bitstreams. A sub-bitstream contains the V3C units with the
same V3C unit header. Within a sub-bitstream, the V3C units are in decoding order. All sub-bitstream
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composition units within the same V3C composition unit shall have the same value of output order
index.

9 Decoding process

9.1 General decoding process

The specifications in ISO/IEC 23090-5:—, subclause 9.1 apply.

9.2 Atlasdatadecodingprocess

9.2.1 General atlas data decoding process

The specifiqations in ISO/IEC 23090-5:—, subclause 9.2.1 apply.

9.2.2 Dedoding process for a coded atlas frame

The specifidqations in ISO/IEC 23090-5:—, subclause 9.2.2 apply.

9.2.3 Atlas NAL unit decoding process
The specifiqations in ISO/IEC 23090-5:—, subclause 9.2.3 apply.

9.2.4 Atlgs tile header decoding process
The specifidations in ISO/IEC 23090-5:—, subclause 9.2.4<apply.

9.2.5 Dedoding process for patch data units

9.2.5.1 General decoding process for patch'data units

The specifidations in ISO/IEC 23090-5:—, subclause 9.2.5.1 apply with the following modificationg and
additions:

TilePatchEntityID| tilelD ][ p ] specifies the patch entity ID for the current patch with patch index|p, of
the currentltile with tile ID equal*to tilelD.

TilePatchDepthOccThreshold] tileID ][ p ] specifies the threshold below which the occupancy valpe is
defined to He unoccupied\for the current patch with patch index p, of the current tile with tile ID dqual
to tilelD.

TilePatchAtgributeOffset| tilelD ][ p ][ c ] specifies an offset applied to the c-th component sample values
of the attrijute for the current patch with patch index p, of the current tile with tile ID equal to tileID,

is in-th if 0 to 2 inclusi
where cis in-the FaRge-H-oto-HheHsive:

These additional variables are initially set as follows:

TilePatchEntityID[ tileID ][ p ] = 0
TilePatchDepthOccThreshold[ tileID ][ p ] =0
TilePatchAttributeOffset[ tileID ][ p 1[ c ] =0

9.2.5.2 Decoding process for patch data units coded in intra mode

In addition to the variables derived in ISO/IEC 23090-5:—, subclause 9.2.5.2 the variables
TilePatchEntityID| tilelD ][ p |, TilePatchDepthOccThreshold| tilelD ][ p ], TilePatchAttributeOffset| tilelD ]
[ p ][ c], for patch with index p in the atlas tile with ID tilelD, are derived as follows:

If asme_max_entity_id is not equal to 0, the following applies:
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TilePatchEntityID[ tileID ][ p ] = pdu_entity_id[ tileID ][ p 1

If asme_depth_occ_threshold_flag is equal to 1, the following applies:

TilePatchDepthOccThreshold[ tileID ][ p ] = pdu depth occ threshold[ tileID ][ p ]

If asme_patch_attribute_offset_enabled_flag is equal to 1, the following applies:

for( ¢ = 0; ¢ < 3; c++ )
TilePatchAttributeOffset[ tileID ][ p ][ ¢ ] =
( pdu_attribute offset[ tileId ][ p ][ ¢ ] <<
(ai_attribute 2d bit depth minusl -
asme patch attribute offset bit depth minusl ) ) -
(1 << a1 _attribute 2d bit depth minusl )

The [derivation in ISO/IEC 23090-5:—, subclause 9.2.5.2 of TilePatchLoDScaleX[-£ileID|][ p ] and
TileRatchLoDScaleY| tilelD ][ p ] is extended as follows:

iff ( pdu_lod enabled flag[ tileID ][ p ] ) {
scaleX pdu lod scale x minusl[ tileID ][ p ] + 1
scaleY pdu lod scale y idc[ tileID ][ p ] + ( scaleX == \? 2 : 1 )

}] else if ( pdu inpaint flag[ tileID ][ p ] ) {

scaleX afme inpaint lod scale x minusl + 1
scaleY afme inpaint lod scale y idc + ( scaleX == 2,22 : 1)
}H else {
scaleX =1
scaleY = 1
}
TlilePatchLoDScaleX[ tileID ][ p ] = scaleX
ThlePatchLoDScaleY[ tileID ][ p ] = scaleY

9.2.3.3 Decoding process for patch data units coded in skip prediction mode

The ppecifications in ISO/IEC 23090-5:—, subclauise 9.2.5.3 apply.

9.2.5.4 Decoding process for patch data units coded in merge prediction mode

The ppecifications in ISO/IEC 23090-5:%, subclause 9.2.5.4 apply.

9.2.5.5 Decoding process for patch data units coded in inter prediction mode

The ppecifications in ISO/IEG23090-5:—, subclause 9.2.5.5 apply.

9.2.5.6 Decodingprocess for patch data units coded in RAW mode
The ppecificationsiin ISO/IEC 23090-5:—, subclause 9.2.5.6 apply.

9.2.35.7 Decoding process for patch data units coded in EOM mode

The ppecifications in ISO/IEC 23090-5:—, subclause 9.2.5.7 apply.

9.2.6 Decoding process of the block to patch map
The specifications in ISO/IEC 23090-5:—, subclause 9.2.6 apply.

9.2.7 Conversion of tile level patch information to atlas level patch information

9.2.7.1 General
The specifications in ISO/IEC 23090-5:—, subclause 9.2.7.1 apply.
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9.2.7.2 Conversion of tile level blockToPatch information to atlas level blockToPatch
information

The specifications in ISO/IEC 23090-5:—, subclause 9.2.7.2 apply.

9.2.7.3 Conversion of tile level patch information to atlas level patch information

9.2.7.3.1 General

The specifications in ISO/IEC 23090-5:—, subclause 9.2.7.3.1 apply.

9.2.7.3.2

rocess of copying common patch parameters from a tile to an atlas representatio

The specifidations in ISO/IEC 23090-5:—, subclause 9.2.7.3.2 apply.

9.2.7.3.3
represent

The specifi
and additio

The proces

rocess of copying application specific patch parameters from a tile to_an atlas
ion

Fations in ISO/IEC 23090-5:—, subclause 9.2.7.3.3 apply with the following modifica
Is:

ApplicationTilePatchParamsToAtlas( atlasPatchldx, tilelD).p, offsetPatch ) is amendg

add the follpwing at the end of the process:

AtlasPa
View

Atl
Atla
At

1f(

fo

}
9.3 Occu

The specific

FchViewIndex[ atlasPatchIdx ] =

[ DToIndex[ AtlasPatchProjectionID[ patchIdx \]}

bsPatchType[ atlasPatchIdx ] == PROJECTED\) " {

EPatchEntityID[ atlasPatchIdx ] = TileRatchEntityID[ tileID ][ p ]

| asPatchDepthOccThreshold[ atlasPatchidx ] =

TilePatchDepthOccThreshold[ tileIDVNI p ]

F( c = 0; ¢ < 3; c++ ) {

AtlasPatchAttributeOffset|[ atlasPatchIdx ][ ¢ ] =
TilePatchAttributeOffset[ ©i1eID ][ p 1[ c ]

pancy video decoding process

ations in ISO/IEC 23090-5:—, subclause 9.3 apply.

9.4 Geometry video'decoding process

The specifig

9.5 Attri

ations ifi ISO/IEC 23090-5:—, subclause 9.4 apply.

n

ions

ed to

prite video decoding process

The specifications in ISO/IEC 23090-5:—, subclause 9.5 apply.

9.6 Packed video decoding process

The specifications in ISO/IEC 23090-5:—, subclause 9.6 apply.

9.7 Common atlas data decoding process

9.7.1 General common atlas data decoding process

The specifications in ISO/IEC 23090-5:—, subclause 9.7.1 apply with following additions.
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Outputs of this process are:

— foreachdecoded commonatlasframe,thecorrespondingupper-casevariablesfromsubclauses9.7.5.1

9.7.2 Decoding process for a coded common atlas frame

The decoding processes specified in this subclause apply to each coded common atlas frame with nal_
layer_id equal to 0, referred to as the current common atlas frame.

The decoding process for the current atlas frame takes as inputs the syntax elements and upper-case
variables from Clause 8.

The fecoding process operates as follows for the current common atlas frame:
1) The decoding of common atlas NAL units is specified in subclause 9.7.3.

2) Variables and functions relating to the common atlas frame order count are derived as|specified in
gubclause 9.7.4.

3) T he processes in subclause 9.7.5 specify the common atlas frame deCpding processes:

— Initializing of view information is specified in subclause 9.%25.2.

— Updating of extrinsic information is specified in subclause 9.7.5.3.

— Updating of intrinsic information is specified in subclause 9.7.5.4.

— Updating of depth quantization information is specified in subclause 9.7.5.5.

9.7.3 Common atlas NAL unit decoding process

The ppecifications in ISO/IEC 23090-5:—, subclause 9.7.3 apply.

9.7.4 Common atlas frame order count derivation process

The ppecifications in ISO/IEC 23090~5:—, subclause 9.7.4 apply.
9.7.3 Common atlas frame/MIV extension decoding process

9.7.3.1 General decoding process for view parameters
Outputs of this process are several parameters associated with the current common atlas frame.
The following variables are derived:

NumfViews indicates the number of views that are present in CVS.

The vartabte ViewiDfotmdex{ v provides amapping of the tbassociated withreach viewamd the index of
how each view was specified in the MIV view parameters list syntax.

ViewlnpaintFlag| v ] specifies if the view with view index equal to v is an inpaint view.

ViewPosX|[ v | specifies in scene units the x-coordinate of the location of the view with view index equal
tow.

ViewPosY| v | specifies in scene units the y-coordinate of the location of the view with view index equal
tow.

ViewPosZ| v | specifies in scene units the z-coordinate of the location of the view with view index equal
tov.
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ViewQuatX] v | specifies the x component for the rotation of the view with view index equal to v using
the quaternion representation.

ViewQuatY[ v ] specifies the y component for the rotation of the view with view index equal to v using
the quaternion representation.

ViewQuatZ| v ] specifies the z component for the rotation of the view with view index equal to v using
the quaternion representation.

ViewQuatW]| v ] specifies the w component for the rotation of the view with view index equal to v using
the quaternion representation.

ViewType| v

ViewProject]
coded luma

ViewProject|
coded luma

ViewErpPhil
the view wi

ViewErpPhil
the view wi

ViewErpThe|
the view wi

ViewErpThe|
of the view

ViewPersped
focal of a p¢g

ViewPerspe(
of a perspec

ViewPerspe(
the princip4

ViewPerspe(
principal pg

ViewOrthoWi
volumetric

] specifies the projection method of the view with view index equal to v.

jonPlaneWidth| v ] specifies the horizontal resolutions of projection plane, expressg
samples, of the view with view index equal to v.

jonPlaneHeight[ v | specifies the vertical resolutions of the projection plane, express¢
samples, of the view with view index equal to v.

Min[ v ] specifies the minimum longitude range for an ERP projection;in units of degre
th view index equal to v. ViewErpPhiMin[ v ] shall be in the rangé~180 to 180.

Max| v ] specifies the maximum longitude range for an ERP-prejection, in units of degre
th view index equal to v. ViewErpPhiMax| v | shall be in the range -180 to 180.

faMin| v ] specifies the minimum latitude range for €n ERP projection, in units of degre
th view index equal to v. ViewErpThetaMin[ v ] shdll be in the range -90 to 90.

taMax|[ v | specifies the maximum latitude range for an ERP projection, in units of deg
with view index equal to v. ViewErpThetaMax-[ v ] shall be in the range -90 to 90.

rspective projection of the view with view index equal to v.

tiveFocalVer[ v ] specifies in luma sample position units the vertical components of the
tive projection of the view with view index equal to v.

tivePrincipalPointHor|[ ¥ ]yspecifies in luma sample positions the horizontal coordinat
1 point of a perspective.projection of the view with view index equal to v.

int of a perspective projection of the view with view index equal to v.

(idth| v J-specifies in scene units the horizontal dimensions of the captured part o
‘rame by-the view with view index equal to v.

ViewOrtho
volumetric

eight] v |

specifies in scene units the vertical dimensions of the captured part of

d in

bd in

bs, of

bs, of

bs, of

rees,

tiveFocalHor|[ v ] specifies in luma sample position units the horizontal components of the

focal

es of

tivePrincipalPointVer| v | specifies in luma sample positions the vertical coordinates of the

[ the

the

ViewQuantizationLaw| v ] specifies the type of depth quantization method of the view with view index

equal to v.

ViewNormDispLow| v | specifies the normalized disparity of the lowest signalled geometry value of the

view with v

iew index equal to v.

ViewNormDispHigh[ v ] specifies the normalized disparity of the highest signalled geometry value of the

view with v

iew index equal to v.

ViewOccThreshold| v | specifies the default occupancy threshold used in the occupancy value extraction
process for the view with view index equal to v.
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ViewRoot[ v ] specifies whether or not the view with view index equal to v has a parent in the pruning
graph at the encoder stage.

ViewNumParents| v | specifies the number of parents of the view with view index equal to v in the
pruning graph at the encoder stage. ViewNumParents| v | shall be in the range 0 to NumViews - 1.

ViewParentldx[ v ][ i ] specifies the index of the i-th parent view for the view with view index equal to v
in the pruning graph at the encoder stage. ViewParentldx[ v ][ i ] shall not be equal to v.

At the start of each CVS, these arrays are initially set as follows:

NumViews = 0

fbr( v = 0; v <= 65 535; v++ ) {
ViewInpaintFlag[ v ] = 0
ViewPosX[ v ] = 0
ViewPosY[ v ] = 0
ViewPosz[ v ] = 0
ViewQuatX[ v ] = 0
ViewQuatY[ v ] =0
ViewQuatz[ v ] = 0
ViewQuatW[ v ] = 0
ViewType[ v ] = 0
ViewProjectionPlaneWidth[ v ] = 0
ViewProjectionPlaneHeight[ v ] = 0

ViewErpPhiMin[ v ] = 0
ViewErpPhiMax[ v ] = 0
ViewErpThetaMin[ v ] = 0
ViewErpThetaMax|[ v ] = 0

ViewPerspectiveFocalHor[ v ] =
ViewPerspectiveFocalVer[ v ] =
ViewPerspectivePrincipalPointHor [ v ]
ViewPerspectivePrincipalPointVer|[ v ]
ViewOrthoWidth[ v ] = 0
ViewOrthoHeight[ v ]
ViewQuantizationLaw [
ViewNormDispLow|[ v ]
ViewNormDispHigh
ViewOccThreshold
ViewRoot[ v ] = 0
ViewNumParents[ v ] = 0
for( i = 0; 1 < pp num parents minusl[ v ]; i++ ) |
ViewParentIdx[ whNM1 ] = 0

0
0

fly
(@)

0
] =0
0

< 1

0
0

]
]

[ v
[ v

}
}

If thp nal_unit_type-of-common atlas frame equal to NAL_CAF_IDR, then the process for decoding in
subdlause 9.7.5.2 is used and the outputs of that process are used as the output.

If the nal_unititype of common atlas frame equal to NAL_CAF and came_update_extrinsics_flag is 1,
then|the progess for decoding in subclause 9.7.5.3 is used and the outputs of that process arg used as the

output,
Iftlimwmmmmhmmclag is equal

to 1, then the ;_)rocess for decoding in subclause 9.7.5.4 is used and the o_utputs of that process are used
as the output.

If the nal_unit_type of common atlas frame equal to NAL_CAF and came_update_depth_quantization_
flag is equal 1, then the process for decoding in subclause 9.7.5.5 is used and the outputs of that process
are used as the output.

9.7.5.2 Initializing view information process

The view related variables are derived from the syntax elements in the common atlas frame as follows:

NumViews = mvp num views minusl + 1
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The view ID and index related arrays are set as follows:

for( v = 0; v < NumViews; v++ )
ViewIDToIndex[ mvp view id[ v ] ] = v

The inpaint flags are set as follows:

for( v = 0; v < NumViews; v++ )
ViewInpaintFlag[ v ] = mvp inpaint flag[ v ]

The extrinsic related arrays are set as follows:

for( v.= 0; v < NumViews; v++ ){
ViewPosX[ v ] = ce view pos x[ v ]
ViewPosY[ v ] = ce view pos y[ v ]
ViewPosZ[ v ] = ce view pos z[ v ]
ViewQuatX[ v ] = gX[ v ]
ViewQuatY[ v ] = gY[ v ]
ViewQuatz[ v ] = gZ[ v ]
ViewQuatW[ v ] = gW[ v ]

If mvp_|ntrinsic_params_equal_flag equal to 1, the intrinsic related arrays are set as follows:

for(lv = 0; v < NumViews; v++ ) {

ViewType[ v ] = ci cam type[ 0 ]

ViewProjectionPlaneWidth[ v ] = ci projection plane-Width minusl[ O
ViewProjectionPlaneHeight[ v ] = ci projection plane height minusl](
ViewErpPhiMin[ v ] = ci erp phi min[ 0 ]

ViewErpPhiMax[ v ] = ci erp phi max[ 0 ]

ViewErpThetaMin[ v ] = ci erp theta min[ 0,

ViewErpThetaMax[ v ] = ci erp theta max[ .0
ViewPerspectiveFocalHor[ v ] = ci perspective focal hor[ 0 ]
ViewPerspectiveFocalVer[ v ] = ci perspective focal ver[ 0 ]
ViewPerspectivePrincipalPointHor[ v ]+ ci perspective principal point hor|
ViewPerspectivePrincipalPointVer[ W) = ci perspective principal point ver|
ViewOrthoWidth[ v ] = ci ortho width[ 0 ]

ViewOrthoHeight[ v ] = ci orthqlheight[ 0 ]

+ 1
1] + 1

T O
[EE—

}

Otherwlise, when mvp_intrinsic_params_equal_flag equal to 0, the intrinsic related arrays arg set
as follows:

for|( v = 0; v < NumViews; v++ ){

ViewType[ v ] = cilcam type[ v ]

ViewProjectionPlaneWidth[ v ] = ci projection plane width minusl[ v
ViewProjectionPlaneHeight[ v ] = ci projection plane height minusl]|
ViewErpPhilMit* v ] = ci erp phi min[ v ]

ViewErpPhdMax[ v ] = ci erp phi max[ v ]

ViewErpThetaMin[ v ] = ci erp theta min[ v ]

ViewEgpThetaMax[ v ] = ci erp theta max[ v ]
ViewPgrspectiveFocalHor[ v ] = ci perspective focal hor[ v ]
yiewPerspectiveFocalVer[ v ] = ci perspective focal ver[ v ]
iwWPerspectivePrincipalPointHor[ v ] = hi_np? nphf?7o_nrinhina]_noinf_hor[ 7
ViewPerspectivePrincipalPointVer[ v ] = ci perspective principal point ver[ v
ViewOrthoWidth[ v ] = ci ortho width[ v ]

ViewOrthoHeight[ v ] = ci ortho height[ v ]

1] + 1
v ] + 1

]
1

}

If mvp_depth_quantization_params_equal_flag equal to 1, the depth quantization related arrays
are set as follows:

for( v = 0; v < NumViews; v++ ) {
ViewQuantizationLaw[ v ] = dg quantization law[ 0 ]
ViewNormDispLow[ v ] = dg norm disp low[ O ]
ViewNormDispHigh[ v ] = dg norm disp high[ 0 ]
ViewOccThreshold[ v ] = dgq depth occ threshold default[ 0 ]
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Otherwise, when mvp_depth_quantization_params_equal_flag equal to 0, the depth quantization

related arrays are set as follows:

for( v = 0; v < NumViews; v++ ){
ViewQuantizationLaw[ v ] = dg quantization law[ v ]
ViewNormDispLow[ v ] = dg norm disp low[ v ]
ViewNormDispHigh[ v ] = dgq norm disp high[ v ]
ViewOccThreshold[ v ] = dg depth occ threshold default[ v ]

}

If mvp_pruning_graph_params_present_flag equal to 1, the pruning related arrays are set as

follows:

for( v = 0; v < NumViews; v++ ){
ViewRoot[ v ] = pp is root flag[ v ]
ViewNumParents|[ v ] = pp num parents minusl[ v ] + 1
for( i = 0; 1 < ViewNumParents[ v ]; i++ ) {
ViewParentIdx[ v ][ 1 ] = pp parent idx[ v ][ i ]
}
}

9.7.3.3 Updating extrinsic information process

The pxtrinsic related arrays are updated as follows:

flor( 1 = 0; i < mvpue num view updates minusl + 1; it% ){
v = mvpue view idx[ i ]
ViewPosX[ v ] = ce view pos x[ v ]
ViewPosY[ v ] = ce view pos y[ v ]
ViewPosz[ v ] = ce view pos z[ v ]
ViewQuatX[ v ] = gX[ v ]
ViewQuatY[ v ] = qg¥Y[ v ]
ViewQuatZ[ v ] = gZ[ v ]
ViewQuatW[ v ] = gW[ v ]

9.7.5.4 Updating intrinsic information\process

The Intrinsic related arrays are updated as follows:

< <

flor( 1 = 0; i < mvpuli numyiew updates minusl + 1; i++ ) {
v = mvpuli view idx[ 1]
ViewType[ v ] = ci(cam typel v ]
ViewProjectionPlaneWidth[ v ] = ci projection plane width minusl[ v ] + 1
ViewProjectionkRllaneHeight[ v ] = ci projection plane height minusl[ v ] +
ViewErpPhiMinf\¥ ] = ci erp phi min[ v ]
ViewErpPhiMéx[“v ] = ci erp phi max[ v ]
ViewErpThetaMin[ v ] = ci erp theta min[ v ]
ViewErpFhetaMax[ v ] = ci erp theta max[ v ]
ViewPex$pectiveFocalHor[ v ] = ci perspective focal hor[ v ]
ViewRerspectiveFocalVer[ v ] = ci perspective focal ver[ v ]
ViewPerspectivePrincipalPointHor[ v ] = ci perspective principal point hor
ViewPerspectivePrincipalPointVer[ v ] = ci perspective principal point ver
VWlewOrthoWidth[ v ] = ci ortho width[ v ]
ViewOrthoHeight[ v ] = ci ortho height[ v ]

}
9.7.5.5 Updating depth quantization information process

The depth quantization related arrays are updated as follows:

for( i = 0; i < mvpudg num view updates minusl; i++ ) {
v = mvpudg_ view idx[ 1 ]
ViewQuantizationLaw[ v ] = dg quantization law[ v ]
ViewNormDispLow[ v ] = dg norm disp low[ v ]
ViewNormDispHigh[ v ] = dg norm disp high[ v ]
ViewOccThreshold[ v ] = dg depth occ threshold default[ v ]
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9.8 Sub-bitstream extraction process

9.8.1 General
The specifications in ISO/IEC 23090-5:—, subclause 9.8.1 apply with the following additions.

Subclause 9.8.4 describes the extraction of V3C units of the same group.

9.8.2 V3C unit extraction

The specifications in ISO/IEC 23090-5:—, subclause 9.8.2 apply.

9.8.3 NAL unit extraction process

The specifiqations in ISO/IEC 23090-5:—, subclause 9.8.3 apply.

9.8.4 Grdup extraction process
This procesp extracts V3C units associated with the same group ID.

Inputs to thjs process are a V3C bitstream, such as a bitstream in the V3C sample stream format defined
in Annex C 4nd a target group identifier, targetGroupld.

The output pf this process is a set of V3C units associated with targetGroupld.

The procesy is as follows:

for( a ¥ 0; a < vps_atlas count minusl + 1; a++ ¥

if (|AtlasGroupId|[ a ] == targetGrouplID )
ipvoke subclause 9.8.2 with targetAtlasId equal to a
}

10 Pre-rgconstruction process

The specifiqations in ISO/IEC 23090-5:—,,Glause 10 do not apply.

11 Reconstruction process
The specifidations in ISO/IEC.23090-5:—, Clause 11 apply with following additions.

This documfent does not define explicit reconstruction processing steps. However, Annex H provid¢s an
informative overview df:reéndering processes, which can be combined by an application to reconsfruct
a volumetrif frame.

12 Post-reconstruction process

The specifications in ISO/IEC 23090-5:—, Clause 12 do not apply.

13 Adaptation process
The specifications in ISO/IEC 23090-5:—, Clause 13 do not apply.

14 Parsing process

The specifications in ISO/IEC 23090-5:—, Clause 14 and its subclauses apply.
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Annex A
(normative)

Profiles, tiers, and levels

Overview of profiles, tiers, and levels

The ppecifications in ISO/IEC 23090-5:—, Annex A.1 apply.

A2

Profile, tier and level structure

The ppecifications in ISO/IEC 23090-5:—, Annex A.2 apply.

A3

CodecGroup profile components

The ppecifications in ISO/IEC 23090-5:—, Annex A.3 apply.

A4

Toolset profile components

A.4.1 General constraints

The following restrictions shall apply to a bitstream conforming to any profile defined in thi

For @

1l atlases with atlas ID DecAtlasID, the\following applies.

— When vps_occupancy_video_present_flag[ DecAtlasld | equal to 1

— DecOccHeight shall be equal to AsmeOccupancyFrameHeight| DecAtlasiD ]

— DecOccWidth shall e equal to AsmeOccupancyFrameWidth[ DecAtlasID |
— DecOccFullRange'shall be equal to 1

— DecOccTransferCharacteristics shall be equal to 8

When vps{geometry_video_present_flag[ DecAtlasld ] equal to 1

— DecGeoHeight shall be equal to AsmeGeometryFrameHeight[ DecAtlasID |

=~ (DecGeoWidth shall be equal to AsmeGeometryFrameWidth| DecAtlasID |

s document.

— DecGeoFullRange shall be equal to 1

— DecGeoTransferCharacteristics shall be equal to 8

— When vps_attribute_video_present_flag[ DecAtlasld ] equal to 1

— DecAttrHeight shall be equal to AspsFrameHeight[ DecAtlasID |

— DecAttrWidth shall be equal to AspsFrameWidth[ DecAtlasiID |

— When vps_packed_video_present_flag[ DecAtlasld | equal to 1

— DecPckFullRange shall be equal to 1

© ISO/IEC 2023 - All rights reserved
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— DecPckTransferCharacteristics shall be equal to 8

A.4.2 MIV Main, MIV Extended, MIV Extended Restricted Geometry and MIV Geometry
Absent toolset profile components

V3C toolset profile components indicating the MIV Main (ptl_profile_toolset_idc = 64), MIV Extended
(ptl_profile_toolset_idc = 65), MIV Extended Restricted Geometry (ptl_profile_toolset_idc = 65 and
ptc_restricted_geometry_flag = 1) or MIV Geometry Absent (ptl_profile_toolset_idc = 66) toolset profile
component shall conform to the syntax element restrictions specified in Table A.1 and additional

restrictions described in this sub-clause.

Table A.1 |— Allowable values of syntax element values for the MIV toolset profile compoftients
Profile name
MIV Main | MIV Extend- |MIV Extend-| MIV Geojme-
ed ed Restriet- | try Absent
Syntax element
ed Geome-
try
V3C_VPS, V3C_VPS, V3C_VPS,
V3C_AD, V3C_AD, V3C_VES,
V3C_GVD, | v3c_ovDyny V3C-AD | y3cap,
vuh_unit_type V3C_AVD, or V3C_GVD, V3C_AVD, V3C_AVD,
V3C_CAD V3CAAVD, V3C_PVD, or
v3cspvD,or | V3C-PVD | TysccdD
V3C CAD or V3C CAD
ptl_profile_toolset_idc 64 65 66
pYfl_profile_reconstruction_idc 255 255 255
pfc_restricted_geometry_flag - 1 -
VpsMivExtensionPresentFlag 1 1 1 1
VpsHackingInformationPresentFlag 0 0,1 0,1 0,1
vps|. map_count_minus1[ atlasID ] 0 0 0 0
vps_occupancy_video_present_flag[ atlasi ] 0 0,1 0 0
Vps_geo]netry_video_present_flag[ atlasiD ] 1 0,1 0 0
vme_eihbedded_occupancy_enabled flag 1 0,1 0 0
gi_geqmetry_MSB_align_flag| atlasID ] 0 0 0 0
di_attribute_count[latlasID ] 0,1 0,1,2 2 0,1
ATTR_TEX- AT,;I.‘SI—{TI;:EX_
ai_attifibute_typedd][ atlasID ][ attrldx ] ATTR.TEX- | TURE, ATTR_ ATTR_ ATTR.TEX-
TURE TRANSPAR- TURH
ENCY TRANSPAR-
ENCY
ai_attripute”dimension_minus1[ atlasID ] ~ ~ ~ .
L L A P
[ attrTextureldx |
ai_attribute_dimension_minus1[ atlasID ] 0 0
[ attrTransparencyldx |
ai_attribute_dimension_partitions_minus1[ at-
lasID | 0 0 0 0
[ attrldx ]
ai_attribute_MSB_align_flag[ atlasID ][ attrldx | 0 0 0 0
asps_long_term_ref_atlas_frames_flag 0 0 0 0
asps_pixel_deinterleaving_enabled_flag 0 0 0 0
asps_patch_precedence_order_flag 0 0 0 0
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Table A.1 (continued)
Profile name
MIV Main | MIV Extend- |MIV Extend- | MIV Geome-
ed ed Restrict- | try Absent
Syntax element
ed Geome-
try
asps_raw_patch_enabled_flag 0 0 0
asps_eom_patch_enabled_flag 0 0 0
asps_plr_enabled_flag 0 0 0
asme_patch_constant_depth_flag 0 0,1 T 0,1
vps_geometry_video_present_flag[ atlasID ] || i 1 1 01
asme_patch_constant_depth_flag ’
vps_packed_video_present_flag[ atlasID ] 0 0,1 0, L 0,1
afps_lod_mode_enabled_flag 0 0 0 0
afips_raw_3d_pos_bit_count_explicit_mode_flag 0 0 0 0
afti_single_tile_in_atlas_frame_flag 1 0,1 0,1 0,1
ath_type [_TILE [_TILE [_TILE [_TILE
atdu_patch_mode][ tileID ][ patchldx ] [_INTRA LINTRA [_INTRA [_INTRA
asps_atlas_sequence_parameter_set_id 0..63, inclu- 0:/63, inclusive 0..63, inclu- | 9..63, inclu-
sive sive sive
afps_atlas_frame_parameter_set_id 0..63, iglu- 0..63, inclusive 0..63, inclu- | 9..63, inclu-
sive sive sive
afps_atlas_sequence_parameter_set_id 0:63, inclu- 0..63, inclusive 0..63, inclu- | 9..63, inclu-
sive sive sive
aaps_atlas_adaptation_parameter_set_id 0..63, inclu- 0..63, inclusive 0..63, inclu- | 9..63, inclu-
sive sive sive
ath_atlas_frame_parameter_set_id 0..63, inclu- 0..63, inclusive 0..63, inclu- | $..63, inclu-
sive sive sive
ath_atlas_adaptation_parameter-set_id 0..63, inclu- 0..63, inclusive 0..63, inclu- | $..63, inclu-
sive sive sive
dq_quantization daw{ v ] 0 0 0 0

The following restrictions. shall apply to a bitstream or a collection of V3C sub-bitstreams|conforming

to the MIV Extended Restricted Geometry toolset profile component:

— For each atlas\present, one texture attribute and one transparency attribute shall be prjesent.
NOTE The MIV Extended Restricted Geometry profile corresponds to an MPI representatjon of the 3D
bcene.and enables an alternative efficient rendering based on alpha blending commonly known as reverse
bajnter’s algorithm.

A.5 Reconstruction profile components

The specifications in ISO/IEC 23090-5:—, Annex A.5 apply.

A.6 Tiers and Levels

The specifications in ISO/IEC 23090-5:—, Annex A.6 apply.

A.7 Decoder instantiations

The specifications in ISO/IEC 23090-5:—, Annex A.7 apply.
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Annex B
(informative)

Post-decoding conversion to nominal video formats

B.1 General

The video
reconstruct]
separate ge

B.2 Nomijinal format conversion

B.2.1 Ger

The specific

B.2.2 Ocdupancy nominal format conversion

The specific
B.2.3 Gegd

The specific

The nomina
resolution i

B.2.4 Auy
The specific
B.2.5 Attj
The specific

B.2.6 Auy

The specific

frames provided by the decoder may require additional processing steps before
ion process. Such processing steps may include unpacking of the decoded video, fram
bmetry, attribute and/or occupancy frames, as described in Annex B.4.

jeral

ations in ISO/IEC 23090-5:—, Annex B.2.1 apply.

ations in ISO/IEC 23090-5:—, Annex B.2.1 apply.

metry nominal format conversion
ations in ISO/IEC 23090-5:—, Annex B.2-3%pply with the following additions.

| output frame horizontal resolution:is'set to AsmeGeometryFrameWidth[ j | and the ver
5 set to AsmeGeometryFrameHeight[y ].

iliary geometry nominal format conversion

ations in ISO/IEC 23090Q-5:—, Annex B.2.4 do not apply.

-ibute nominal format conversion

ations in ISOAIEC 23090-5:—, Annex B.2.5 apply.

iliary attribute nominal format conversion

ations in ISO/IEC 23090-5:—, Annex B.2.6 do not apply.

the
bs to

tical

B.3 Conversion operations

B.3.1 Map Extraction

The specifications in ISO/IEC 23090-5:—, Annex B.3.1 apply.

B.3.2 Bit

depth conversion

The specifications in ISO/IEC 23090-5:—, Annex B.3.2 apply.

B.3.3 Resolution conversion

The specifications in ISO/IEC 23090-5:—, Annex B.3.3 apply.
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B.3.4 Output composition time conversion

The specifications in ISO/IEC 23090-5:—, Annex B.3.4 do not apply.

B.3.5 Attribute dimension packing

The specifications in ISO/IEC 23090-5:—, Annex B.3.5 apply.

B.3.6 Chroma up-sampling

The specifications in ISO/IEC 23090-5:—, Annex B.3.6 apply.

B.3.
The

B.3.
The

B.3.
The

B.4
The

ISO/IEC 23090-12:2023(E)

7 Geometry map synthesis process

specifications in ISO/IEC 23090-5:—, Annex B.3.7 apply.

B Attribute map synthesis process

specifications in ISO/IEC 23090-5:—, Annex B.3.8 apply.

D Occupancy thresholding process

specifications in ISO/IEC 23090-5:—, Annex B.3.9 apply.

Unpacking process of a decoded packedvideo

specifications in ISO/IEC 23090-5:—, Annex B4 apply.
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Annex C
(informative)

V3C sample stream format

Annex C of ISO/IEC 23090-5:— applies.
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Annex D
(normative)

NAL sample stream format

Annex D of ISO/IEC 23090-5:— applies.
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Annex E
(normative)

Atlas hypothetical reference decoder

Annex E of ISO/IEC 23090-5:— applies.
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Annex F
(normative)

Supplemental enhancement information

F1 General
The ppecifications in ISO/IEC 23090-5:—, Annex F.1 apply with the following additions o Table F.1:

Table F.1 — The essential and non-essential SEI messages

SEI message NAL Type Conformance Type
Viewing space NAL_PREFIX_NSEI N/A
Viewing space handling NAL_PREFIX_NSEI N/A
Geometry upscaling parameters NAL_PREFIX_NSE} N/A
Atlas view enabled NAL_PREFIX_NSEI N/A
OMAF v1 compatible NAL_PREFIX -NSEI N/A

Geometry assistance NAL_PREFIX_NSEI/

NAEK_SUFFIX_NSEI N/A

F.2 | SEI payload syntax

The |specifications in ISO/IEC 23090-5:—,"Annex F.2 and its subclauses apply, with the following
addifions:

F.2.1 Viewing space SEI paylead syntax

F.2.1.1 General

viewing_space( payloadSize ) { Descriptor
ys_num_elementary_shapes_minus1 u(v)
fpr( e = 0; e <=\ws_num_elementary_shapes_minus1; e++ ) {
vs_elementary_shape_operation| e | u(1)
elementary_shape(e)
)
}
F.2.1.2 Elementary shape
elementary_shape(e) { Descriptor
es_num_primitive_shapes_minus1] e ] u(8)
es_primitive_shape_operation] e ] u(2)
es_guard_band_present_flag| e | u(1)
es_primitive_orientation_present_flag[ e | u(1)
es_viewing_direction_constraint_present_flag| e | u(1)
es_camera_inferred_flag[ e | u(1)
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for(s = 0; s <= es_num_primitive_shapes_minus1; s++ ) {

if( es_camera_inferred_flag[e])
es_view_idx[e][ s ] u(16)

es_primitive_shape_type[e][s] u(2)

if( es_primitive_shape_type[e][s]==0)
cuboid_primitive( e, s)

else if( es_primitive_shape_type[e][s]==1)

spheroid_primitive( e, s )

else f( es_primitive_shape_type[e][s]==2)

halfspace_primitive( e, s )

if( es| guard_band_present_flag[e])
eq4_guard_band_size[ e ][ s ] fl(16]
if( es| primitive_orientation_present_flag[e]) {

if( les_camera_inferred_flag[e]) {

es_primitive_shape_quat_x[e][s] i(16)
es_primitive_shape_quat_y[ e ][ s ] i(16)
es_primitive_shape_quat_z[ e ][ s ] i(16)

if( es| viewing_direction_constraint_present_flag[ e ) {

if{ es_guard_band_present_flag[e])

es_guard_band_direction_size[ e ][ s ] fl(16]
if( !les_camera_inferred_flag[e]) {
es_primitive_shape_viewing direction_quat_x_center[ e ][ s ] i(16)
es_primitive_shape_viewing' direction_quat_y_center[ e ][ s ] i(16)
es_primitive_shape_viewing_direction_quat_z_center[e][ s ] i(16)
}
eq_primitive_shape_viewing_direction_yaw_range[e ][ s ] fl(16]
eq_primitive_shape viewing_direction_pitch_range[e][ s ] fl(16]
}
}
}
F2.1.3 Cyboidprimitive
cuboid_primitive( e, s) {
if( !les_camera_inferred_flag[e]) {
cp_center_x[ e][s] fl(16)
cp_center_y[e ][ s] fl(16)
cp_center_z[ e ][ s] fl(16)
}
cp_size x[e][s] fl(16)
cp_size_y[e][s] fl(16)
cp_size_z[e][s] fl(16)
}
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F.2.1.4 Spheroid primitive
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spheroid_primitive(e,s ) { Descriptor
if( !les_camera_inferred_flag[e]) {
sp_center_x[e][s] fl(16)
sp_center_y[e][s] fl(16)
sp_center_z[ e ][ s ] fl(16)
}
sp radius x[e][s] fl(16)
s|p_radius_y[ ells] fl(16)
s{p_radius_z[ e]ls] fl(16)
}
F.2.1.5 Half space primitive
halfspace_primitive( e, s ) { Descriptor
hp_normal_x[e][s] fl(16)
hp_normal_y[e][s] fl(16)
hp_normal_z[ e][s] fl(16)
hp_distance[ e ][ s ] fl(16)
}
F.2.2 Viewing space handling SEI payload-syntax
viewing_space_handling( payloadSize ) { Descriptor
ys_handling_options_count ue(v)
fpr( h = 0; h < vs_handling_options_count; h++ ) {
vs_handling_device_class[ 1 | u(6)
vs_handling_application_class[ h ] u(6)
vs_handling_method[ h ] u(6)
)
}

F.2.3 Geomeétry upscaling parameters SEI payload syntax
geometryJupscaling_parameters( payloadSize ) { Descriptor
guptype ue(v)

if(gup_type ==0) {
gup_erode_threshold fl(16)
gup_delta_threshold ue(v)
gup_max_curvature u(3)
}
}
39
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F.2.4 Atlas view enabled SEI payload syntax

atlas_view_enabled( payloadSize ) { Descriptor
ave_cancel_flag u(1)
if( lave_cancel_flag) {
ave_persistence_flag u(1)
ave_atlas_count_minus1 u(6)
ave_num_views_minus1 u(16)
for(a=0;a <= ave_atlas_count_minusl; a++) {
ave_atlas_id[ a ] u(v)
atlasID = ave_atlas_id[ a ]
for( v =0; v<=ave_num_views_minusl; v++ ) {
ave_view_enabled_in_atlas_flag[ atlasID ][ v ] u(1)
if( ave_view_enabled_in_atlas_flag[ atlasID ][ v])
ave_view_complete_in_atlas_flag[ atlasID ][ v ] u(1)
}
}
}
}
F.2.5 OMAF v1 compatible SEI payload syntax
omaf v1_cqmpatible( payloadSize ) { Descripttor
ovl_numn_atlases_minus1 u(6)
for(i=(;i<ovl_num_atlases_minusl + 1; i+&) {
ovl_ptlas_id[i] u(6)
}
}
F.2.6 Gegmetry assistance:SEI payload syntax
geometry_gssistance( payloadSize ) { Descripttor
gas_qs ue(v)
gas_nuipn_views_minus1 ue(v)
gas_logl_bw_minus2 ue(v)
for( v = P;3¥ <= gas_num_views_minus1; v++ ) {
gas_projection_plane_height_minus1[ v | ue(v)
gas_projection_plane_width_minus1[ v ] ue(v)
for(1=0;1< (gas_projection_plane_height_minusl1[ v ] + gasBW ) /gasBW; l++ ) {
for(c=0; c< (gas_projection_plane_width_minus1[v ]+ gasBW) / gasBW; c++) {
gas_split_flag u(1)
subBlocksHorizontally = 1
subBlocksVertically = 1
if( gas_split_flag ) {
gas_quad_split_flag u(1)

if( gas_quad_split_flag ) {

40
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subBlocksHorizontally = 2

subBlocksVertically = 2
}else{

gas_split_orientation_flag u(1)

if( gas_split_orientation_flag) {

subBlocksHorizontally = 2
}else {

subBlocksVertically = 2
J )
gas_split_symmetry_flag (\‘1

MU

u(1)

: - 9 Dud
if( !gas_split_symmetry_flag) { a’ 1/
gas_split_first_block_bigger NV u(1)

} NN
for( sbl = 0; sbl < subBlocksVertically; sbl++ ) { A\QO
for( sbc = 0; sbc < subBlocksHorizontally; sbc++ )&U‘
gas_skip_flag ,5\\\“ u(1)
if( !gas_skip_flag) { & >
if(1== 0 && c == 0 && sbl == 0 &&sbc == 0) { /*None*/
LTMinFlag = 2 N
LTMaxFlag = 2 o
} X
else if(1== 0 && sbl 250 ) { /*Left*/
LTMinFlag =0~

LTMaxFlag="0
} A
else if( e¥0 && sbc==0) { /*Top*/
f@nFlag =1
X Q\Ef"MaxFlag =1
RN
\Ov else {
(? gas_ltmin_flag u(1)
\<</v gas_ltmax_flag u(1)
LTMinFlag = gas_ltmin_flag

LTMaxFlag = gas_ltmax_flag
}

gas_zmin_delta se(v)
gas_zmax delta se(v)
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F.3 SEI payload semantics

F.3.1 General

The specifications in ISO/IEC 23090-5:—, Annex F.3 and its subclauses apply, with the following
additions and modifications.

F.3.2 General SEI payload semantics
The specifidations in ISO/IEC 23090-5:—, Annex F.3.1 apply with the following additions to Table H2:

Table F.2 — Persistence scope of SEI messages

SEl message Persistence scope
Viewing space The remainder of the bitstream or until a iéw viewing space SEI mes-
sage
Viewing space handling The remainder of the bitstream or uitil'a new view space handling SEI
mes$sage
Geometr|y upscaling parameters The remainder of the bitstreain or until a new geometry upscalipg
paratheters SEI message
Aflas view enabled Specified by-the’semantics of the SEI message.
OMAF v1 compatible The remainder of the sequence
Gepmetry assistance The coded atlas access unit containing the SEI message

F.3.3 Viewing space SEI payload semantics

F.3.3.1 General

The viewinlg space indicates the portion of the space, possibly completed by viewing dire¢tion
constraints| where the viewport can‘be rendered with high quality. It is based on the possibility to
give the end device the opportunity to handle viewing space exceedance. A viewing space inclusiveness
factor can e computed where-0 indicates fully inside and 1 indicates fully outside. The end d¢vice
application [can use this faecter'to take a viewers’ transient, from inside the viewing space to outfside,
into account.

The constriction of-the viewing space is based on a list of elementary shapes which are themselves
based on a list of primitive shapes. The primitive shapes can be built into elementary shapes thrpugh
CSG (Constifuctive Solid Geometry) operation or through interpolation operation, and these elemerjtary
shapes can pe‘¢embined by CSG addition, subtraction, or intersection as defined by elementary_shape
operation, in the Strict order of the list of elementary shapes.

vs_elementary_shape_operation| e | equal to 0 specifies that the type of CSG operation to apply on the
elementary shape with index e is additive. vs_elementary_shape_operation[ e ] equal to 1 specifies that
the type of CSG operation to apply on the elementary shape with index e is subtractive. vs_elementary_
shape_operation[ e ] equal to 2 specifies that the type of CSG operation to apply on the elementary
shape with index e is intersection. The operation consists of computing the contribution of the signed
distance SD( p, E ) of a point p related to that elementary shape E with index e to the global signed
distance SD( p ) in the entire global viewing space.

vs_num_elementary_shapes_minus1 plus 1 indicates the number of elementary shapes to build the
viewing space.
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F.3.3.2 Elementary shape

es_num_primitive_shapes_minusl| e
in the construction of the elementary shape e.

] plus 1 specifies the number of primitive shapes that are used

es_primitive_shape_operation|[ e ] equal to 0 specifies the use of CSG mode for the primitive
shapes which are simply added together to form the larger elementary shape e. es_primitive_shape_

operation| e
interpolated along a path defined by the ordered centroids of the primitive shape.

When es_primitive_shape_operation[ e
nrarc of tho ciiecncciyn el it n chanac 10 r\vdr\vnr] Lict

] equal to 1 specifies the interpolative mode, in which the primitive shapes in the list are

] is equal to 1, the operatlon is based on interpolation along the

segrent path dofinad b b ~n +tho
gImehRtpatae it a By thHe- CeRterS ottt SHECesSveprmptave-SapesHttne-oracrea st

strugture. The operation is based on regular metric distance RD( p, S ) of a point p reldte
S cemter which has been shifted along the path, where the RD function is the geometri¢’d
between two points. The shift value is a linear operation between regular distances RD

ard_band_present_flag| e ] equal to 1 specifies that a guardband information is pres
itive shape in the elementary shape e. es_guard_band_present: flag[ e | equal to 0 spec
infofmation is present. The guard band is a frontier on the“inside of the viewing volume|
trigger an action in the rendering client: for example, a sceire may begin to fade or blur ag
entel's the guard band distance, indicating proximity tothe viewing volume boundary.

es_primitive_orientation_present_flag] e ]| equal to 1 specifies that per-primitive
infoymation is present for each primitive shape inthe elementary shape e. es_primitive_
present_flag[ e ] equal to 0 specifies that per-primitive orientation information is not prese
the primitives are axis-aligned.

es_viewing_direction_constraint_present_flag|
consftraints are present for each primitive shape in the elementary shape e. es_viewing
consftraint_present_flag[ e | equalto 0 specifies that per-primitive viewing direction con
not pPresent.

f the syntax
1 to a shape
stance (L2)
p, S, ) and
elementary

ed distance

ent for each
ifies that no
which may
the viewer

orientation
brientation_
nt, and that

e ] equal to 1 specifies that viewinlg direction

r_direction_
straints are

es_cpmera_inferred_flag[ e ] equal to 1 specifies that the positions and orientations of the primitive

shaples are those of the views with indices es_view_idx[ e ][ s ] in the miv_view_params_list

es_view_idx[ e ][ s |rspecifies the view index for for which the primitive shapes are defined.
es_vlew_idx][ i ] shall'be in the range of 0 to mvp_num_views_minus1, inclusive.

I['s

es_primitive-shape_type[ e
detajled below as in Table F.3.

] indicates the type of primitive shape s of the element

).

The value of

ary shape e

Table F.3 — primitive shape types

es_primitive_shape_type[e][s] Shape
0 cuboid primitive
1 spheroid primitive
2 halfspace primitive
3 other primitive

The value of 3 is typically reserved for shape which would be more complex and no more corresponding
to a cardinal shape. This shape could be defined through a SEI message or through means outside this
Specification.

es_guard_band_size|[ e ][ s | specifies the width of the positional guard band for each primitive shape s
of an elementary shape e. es_guard_band_present_flag[ e ] equal to 0 implies that the guard band size is
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implicitly 0. This parameter is expressed in same unit as the position parameter of the primitive shape.
It is based on the signed distance which can be computed for each primitive shape, whatever the es_
primitive_shape_operation] e ] is (CSG or interpolation). The guard band can be effectively treated as a
second signed distance SD( p, S ) + guard band size that can be carried through the same operations to
result at a final guard band distance SD( p, S¢yarp )-

es_primitive_shape_quat_x[ e ][ s ] specifies the x component, gX[ e ][ s ], for the rotation to apply
on the primitive shape s of the elementary shape e using the quaternion representation. The value of
es_primitive_shape_quat_x[ e ][ s ] shall be in the range of - 214 to 214, inclusive. When es_primitive_
shape_quat_x[ e ][ s ] is not present, its value shall be inferred to be equal to 0. The value of gX[ e ][ s ] is
computed as follows:

qX[e]l

5 | = es_primitive_shape_quat_x[e][s] + 214 (F.1)

es_primitiy
on the prim
es_primitiv

shape_quat|

computed a

q¥fell

es_primitiy
on the prim
es_primitiv

re_shape_quat_y|[ e ][ s ] specifies the y component, gY[ e ][ s ], for the rotation to 3
itive shape s of the elementary shape e using the quaternion representation. The val
p_shape_quat_y[ e ][ s ] shall be in the range of - 214 to 214, inclusive, . Wiien es_primi
y[ e ][ s ] is not present, its value shall be inferred to be equal to 0. Thevalue of gY[ e ][
5 follows:

] = es_primitive_shape_quat_y[ e ][ s ] + 214
re_shape_quat_z[ e ][ s | specifies the y component, gZ[*€ ][ s ], for the rotation to 3

itive shape s of the elementary shape e using the qudternion representation. The val
p_shape_quat_z[ e ][ s ] shall be in the range of -2¥ to 214, inclusive. When es_primi

pply
e of

kive_

s | is

(F.2)

pply
e of

kive_

shape_quat|z[ e ][ s ] is not present, its value shall be inferréd to be equal to 0. The value of gZ[ e ][|s ] is
computed ap follows:

qZ] e ][ $ ] = es_primitive_shape_quat_z[ e ][ s ] + 214 (F.3)
When the operation is based on CSG, the rotation is applied about the centroid of the primitive S b¢fore
applying the corresponding distance function"SD( p, S ).
It is a requifement of bitstream conformance that:

aX[ell§1*+qY¥le]ls]*+qZ[ e }[8]> <=1 (F4)
The fourth gomponent, qW,-of the quaternion is calculated as follows:

qWlellls]=Sqrt(k=tqX[e][s]*+qY[el[s]*+qZ[e][s]*)) (F.5)
es_guard_bhand_direction_size| e |[ s | specifies the width of the directional guard band for |each
primitive sljape's-of an elementary shape e. es_guard_band_present_flag|[ e ] equal to 0 implies thalt the

guard band

es_primitive_shape_viewing_direction_quat_x_center|[ e ][ s ] specifies the x component, gXc[ e ][ s ],
for the suggested viewing directions center for the primitive shape s of the elementary shape e using
the quaternion representation. The value of es_primitive_shape_viewing_direction_quat_x_center| e ]
[ s ] shall be in the range of - 214 to 214, inclusive. When es_primitive_shape_viewing_direction_quat_x_
center| e ][ s ] is not present, its value shall be inferred to be equal to 0. The value of gXc[ e ][ s ] is
computed as follows:

qXc[ e][ s] = es_primitive_shape_viewing_direction_quat_x_center [e ][ s ] + 214 (F.6)

es_primitive_shape_viewing_direction_quat_y_center| e ][ s | specifies the y component, qYc[ e ][ s ],
for the suggested viewing directions center for the primitive shape s of the elementary shape e using
the quaternion representation. The value of es_primitive_shape_viewing_direction_quat_y_center|[ e ]
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[ s ] shall be in the range of - 214 to 214, inclusive. When es_primitive_shape_viewing_direction_quat_y_
center[ e ][ s ] is not present, its value shall be inferred to be equal to 0. The value of qgYc[ e ][ s ] is
computed as follows:

qYc[ e ][ s ] = es_primitive_shape_viewing_direction_quat_y_center [e ][ s ] + 214

(F7)

es_primitive_shape_viewing_direction_quat_z_center| e ][ s | specifies the z component, gZc[ e ][ s ],
for the suggested viewing directions center for the primitive shape s of the elementary shape e using
the quaternion representation. The value of es_primitive_shape_viewing_direction_quat_z_center| e ]
[ s ] shall be in the range of - 214 to 214, inclusive. When es_primitive_shape_viewing_direction_quat_z_

cent

el clicnat nroacent ite value chall he infarroad +6 he eaual ta 0 The value of a7, [ e ][ S ] ls
P ST T o ot Ppresengeo—varabonar o e e r oo e a0 o e —~v a6+

com

[4

The
com

Itis

The

buted as follows:

Zc[ e ][ s] = es_primitive_shape_viewing_direction_quat_z_center [e ][ s ] + 214
suggested viewing direction is obtained by applying the quaternion with previously
bonents to the axis taken as forward axis for the views.
h requirement of bitstream conformance that:

Xc[e][s]?+qYc[e][s]?+qZc[e][s]?<=1

fourth component, gWe, of the quaternion is calculated as follows:

Welells]=Sqrt(1-(gXc[e][s]*+qYc[e][s]2xgZc[e][s]*))

es_

suggested viewing directions for the s-th primitive shape.

es_
of s

The
dire

poing p for the elementary shape’E as follows.

Whe
inteq
elem

whe

imitive_shape_viewing_direction_yaw_range[ e ][ s ] specifies in degrees the yaw |

imitive_shape_viewing_direction pitch_range| e ][ s | specifies in degrees the pitc
ggested viewing directions for the §th primitive shape.

iewing constraints V;( S;) of eagh primitive shapes S;( guard band, viewing direction cen
‘tion range and directional guard band ) together define the viewing space constraint

n es_primitive_shape_operation|[ e ] equal 0 (operation on shapes based on CSG]
polated for a givempoint p and all primitive shapes S; and related signed distances SD(
entary shape Easfollows.

V(p,E )ZZiO—SD( p,S; ) *Vi (S )/Z?I:O—SD( p.S;)

‘edNis’equal to es_num_primitive_shape_minusl[ e ]

(F.8)

mentioned

(F9)

(F.10)

1alf range of

h half range

ter, viewing
s V(p, E)at

, these are
D, S; ) of that

(F.11)
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When es_primitive_shape_operation| e | equal 1 (operation on shapes based on interpolation), formula
(F.11) reduces to a linear interpolation between the two closest primitive shapes S, and S, taken in
the order of the primitive shape list with the use of the regular distance RD( p, S; ).

V(p,E)=(RD(p, Ss1) * Vs +RD(p,Ss) * V5,1 ) / (RD(p, S) + RD(P, Ss41) ) (F12)

V( p) finally gives the viewing constraints guard band size, viewing direction center, viewing direction
range and directional guard band size for a given point p from the viewing constraints V( p, E; ) of each
elementary shape E; as follows.

X F L AN

- ~N
(P BT 2,y PPTP i)

13)

~

N o N
V(p)T 2 =SBt ED)

where N is ¢qual to vs_num_elementary_shapes_minus1

The index ¢f positional fading within the global viewing space is then computed_as shown in the
following formula.

position_fading_index(p) =
Clip3( 0,1, (SD(p) + guard_band_size(p ) ) / guard_band_size(p) ) (F.14)

where p is he vector of coordinates of the viewport, SD( p) the global signed distance of p and gyard_
band_size( p ) the global guard band size value at the position p from\Formula (F.13).

The index ¢f directional fading for yaw is then computed as/shown in the following formula|(the
equivalent formula for directional fading for pitch applies by-replacing yaw by pitch):

yaw_fading_index( p ) = Clip3( 0, 1,
(abs[ yaw( p ) - viewing_yaw_center( p ) ) - viewing_yaw_range(p ) +
guarfl_band_direction_size( p ) ) / guard_band direction_size(p) ) (F.15)

where yaw(|p ) is the yaw value of the viewportquaternion, viewing_yaw_center( p ) is the yaw valpe of
the direction center quaternion, viewing_.yaw_range( p ) is the viewing direction range in yaw, gyard_
band_direction_size( p ) is the directional’'guard band size at that viewport position p from Formula
(F.13).

The global fading index which is.applied on the viewport RGB components is given by the multiplicgtion
of position_fading_index, yaw=fading_index and pitch_fading_index.

F3.3.3 Cyboid primitive

cp_center_X[ e |[ s(],)cp_center_y[ e |[ s ], cp_center_min_z[ e ][ s | specify the X, y, z coordinjates,
respectively, in thieScene coordinate system of the center of the cuboid.

cp_size_x[ § \¢’], cp_size_y[ s ][ e ], cp_size_z[ s ][ e ] specify the size of the cuboid in X, y, z directjions,
respectively, in the scene coordinate system.

The signed distance function for a cuboid primitive is

SD¢ygoin( P, L h) = Min( Max( dy, Max(dy, d,)),0) + Norm(Max(d,0)) (F.16)
where ( d,, dy, d, ) are the coordinates of the point as regards to the primitive shape center, I is
the 3D vector ( cp_center_x - cp_size_x / 2, cp_center_y - cp_size_y / 2, cp_center_z - size_z / 2 ), h

is ( cp_center_x + cp_size_x / 2, cp_center_y + cp_size_y / 2, cp_center_z + cp_size_z / 2 ), and d is
Max(1-p,p - h). The max operations on vectors are to be applied per element.
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F.3.3.4 Spheroid primitive

sp_center_x[ e |[ s |, sp_center_y|[ e |[ s |, sp_center_min_z[ e ][ s | specify the X, y, z coordinates,
respectively, in the scene coordinate system of the center of the cuboid.

sp_radius_x[ e ][ s ], sp_radius_y[ e ][ s ], sp_radius_z[ e ][ s ], specify the dimension x, y and z,
respectively, of the spheroid in the scene coordinate system.

The signed distance function for a spheroid primitive is

SDgpygrom( P, 1) =Norm(p /r)* (Norm(p /r)-1)/Norm(p /r?) (F17)

whefte the 3D point p is as regards to the primitive center ( sp_center_x, sp_center_yssp fenter_z ), r
equdls the ( sp_radius_x, sp_radius_y, sp_radius_z ) vector, and the division and squaring pperation is
applied per vector element.

F.3.3.5 Half space primitive

hp_normal_x[ e ][ s ], hp_normal_y[ e ][ s ], hp_normal_z[ e ][ s ] indicate the normal facing of the
plang defining the half-space.

hp_distance] e ][ s ] specifies the distance from the scene originalong the normal vector direction to
the plane defining the half-space.

The pigned distance function for a half-space primitive for any point p in 3D space is

YDyarrspace( P, 0, d) =Dot(p,n /Norm(n))-d (F.18)

where n is the normal vector given by ( hp_norimal_x, hp_normal_y, hp_normal_z ) and d equals hp_
distance.

The fentroid of a half-space primitive, ifneeded in calculations, shall be substituted with d [ n.

F.3.4 Viewing space handling SEI payload semantics

Wheln viewing space handlingimethods are present, the target device selects the first matching handling
method. Matching is performed based on a device and application class. When none of the viewing space
handling methods matchywith the target, no viewing space handling is provided. In that cade the target
devife should choose @an‘appropriate handling based on the viewing space information alonf.

vs_hlandling_options_count specifies the number of viewing space handling options| When vs_
handling_optiens: count is zero, no viewing space handling is provided. In that case the tdrget device
should choosean appropriate handling based on the viewing space information alone.

vs_hlandling_device_class[ h ] specifies the allowed values of vs_handling_device_class| h ] within
thosp'spécified in Table F.4. In all cases it is assumed that the device is capable (to som¢ degree) of
6DoF viewer position tracking. In some cases, the viewer moves in respect to the display. A conformant
bitstream shall not have duplicate values for vs_handling_device_class[ h ] within the same viewing_
space( ) structure. When vs_handling_device_class[ h] == VHDC_ALL, then it shall hold thath + 1 ==vs_
handling_options_count.

vs_handling_application_class[ h ] specifies the allowed values of vs_handling_application_class[ h ]
within those specified in Table F.5. A conformant bitstream shall not have duplicate values for vs_
handling_application_class[ h ] within the same viewing_space( ) structure. When vs_handling_
application_class[ h | == VHAC_ALL, then it shall hold that h + 1 == vs_handling_options_count.

vs_handling_method|[ h ] specifies the allowed values of vs_handling_application_class[ h ] within
those specified in Table F.6. A conformant bitstream shall not have duplicate values for vs_handling_
application_class[ h ] within the same viewing_space( ) structure. When vs_handling_application_
class[ h] == VHAC_ALL, then it shall hold that h + 1 == vs_handling_options_count.
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Table F.4 — Viewing space handling device classes

Value Name Description
0 VHDC_ALL Match against all devices
1 VHDC_HMD Head-mounted display with 6DoF positioning
2 VHDC_PHONE Mobile phone or tablet withli;[:{Jeen rendering depending on
3 VHDC_ASD Autostereoscopic (lightfield) display
4..31 VHDC_RSRVD_5.VHDC_RSRVD_31 Reserved for future use by ISO/IEC
VHDC UNSPCE 32 VHDC IUNSP-
32..63 = CF 63 = Unspeciiied (avallable for specification by other standarfs)
Table F.5 — Viewing space handling application classes
Value Name Description
0 VHAC_ALL Match against all applicatiohs
1 VHAC_AR The coded immersive video is used®p augment the physical
world
VHAC_VR The coded immersive video.jsAised as a virtual reality
VHAC_WEB The coded immersive videa.is embedded within a webs]te
4 VHAC_SD The coded immersivewideo is used-as an element withim a
larger scene description
5.31 VHAC_RSRV_5.VHAC_RSRV_31 Reseryed for future use by ISO/IEC
32..63 VHAC_UNSPF_32.VHAC_UNSPF_63 | Unspecified.(available for specification by other standargds)
Table F.6 — Viewing space handling methods
Value |Ndme Description
0 VHM_NULL Default client behavior
1 VHM_RENDER Always render, even when outsid-e of thcle viewing space. This
may cause rendering artifacts.
2 VHM_FADE When moving towards the outside of the viewing space, the
scene fades to a default color.
Extrapolate content in an abstract low-frequent way thpt
3 VHM_EXTRAP prevents rendering artifacts but preserves the general cglor
tone of the scene.
4 VHM RESET The Viewer position and/o.r olrientatior.l is reset when the
viewer reaches the limit of the viewing zone
5 VHM_STRETCH The scene rotates and transl:-ites alorllg Yvith the V.iew.er to|pre-
vent the viewer from reaching the limit of the viewing zgne
The scene rotates with the viewer to keep the viewer within
6 VEM _ROTATE - . *
the field of view
7.31 VHM_RSRV_5.VHM_RSRV_31 Reserved for future use by ISO/IEC
32..63 VHM_UNSPF_32.VHM_UNSPF_63 Unspecified (available for specification by other standards)

F3.5 Geometry upscaling parameters SEI payload semantics

gup_type is the type of geometry upscaling to which the provided parameters apply. This version of the

document defines the value 0 in accordance with the geometry video scaling process in subclause (H.5).
All positive even values are reserved for future use by ISO/IEC. All odd values are unspecified (available

for specification by other standards).
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gup_erode_threshold specifies the threshold that is applied in the texture aligned geometry erosion
process (H.5.6) to determine if selective erosion is applied for a pixel or not. When not present, the
value of gup_erode_threshold is inferred to be equal to 1.0.

The variable GupErodeThreshold is set equal to gup_erode_threshold.

gup_delta_threshold specifies the threshold that is applied in the texture aligned geometry erosion
process (H.5.6) to determine the partial depth order between two samples. When not present, the value
of gup_delta_threshold is inferred to be equal to 10.

The variable GupDeltaThreshold is set equal to gup_delta_threshold.

gup/max_curvature specifies the threshold that determines if the curvature corregdtion of the
georhetry contour smoothing process (H.5.7) is applied to a geometry sample. When-nhot present, the
valug of gup_max_curvature is inferred to be equal to 5.

The yariable GupMaxCurvature is set equal to gup_max_curvature.

F.3.¢ Atlas view enabled SEI payload semantics
The ptlas view enabled SEI message provides indication of which views may be represented in atlases.
ave_fcancel_flag equal to 1 cancels the persistence of the atlas view enabled SEI message.

ave_persistence_flag specifies the persistence of any previous atlas view enabled SEI message. ave_
persjstence_flag equal to 0 specifies that the atlas view enabled SEI message applies to the current atlas
frame only. ave_persistence_flag equal to 1 specifies thatthe atlas view enabled SEI message applies to
the qurrent atlas frame and persists for all subsequefice’atlas frames in decoding order untjil one of the
following conditions are true:

— A new sequence begins.
— TThe bitstream ends.

— An atlas frame containing an atlaswiew enabled SEI message is present

ave_fatlas_count_minus1 plus:l.indicates the number of atlases for which atlas vigw enabling
parameters will be signalled.

ave_num_views_minusl plus 1 indicates the number of views for which enabling pardmeters are
signalled.

ave_fatlas_id[ a ] specifies the ID of the atlas with index a. The value of ave_atlas_id[ a ] shpll be in the
range of 0 to 63;inclusive. It is a requirement of bitstream conformance to this version of th]s document
thatthe valuéof ave_atlas_id[ k ] shall not be equal to ave_atlas_id[ j ] for all j != k.

ave_view_enabled_in_atlas_flag[ atlasID ][ v ] equal to 1 indicates that patches in the atlgs with atlas
ID equalto atlasID may be associated with the view with index equal to v. ave_view_enabled_in_atlas_
flag [atlasID ][ v | equal to U indicates that patches In the atlas with atlas ID equal to atlasID do not
contain a representation of the view with index equal to v.

ave_view_complete_in_atlas_flag[ atlasID ][ v ] equal to 1 indicates that patches in the atlas with atlas
ID equal to atlasID are associated with the complete representation of the view with index equal to v.
ave_view_complete_in_atlas_flag[ atlasID ][ v ] equal to 0 does not indicate any constraints.

F.3.7 OMAF v1 compatible SEI payload semantics

This SEI message indicates that the texture frames of one or more atlases in the CVS are compatible for
carriage within ISO/IEC 23090-2, i.e., that the metadata specified in ISO/IEC 23090-2 as constrained
by the packed equirectangular or cubemap projected video scheme type (‘ercm') specified in
ISO/IEC 23090-2 may correctly specify the 360° video contained in the texture frames of one or more
atlases in the CVS.
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ovl_num_atlases_minus1 plus 1 indicates the number of atlases in the CVS for which the texture
frames are compatible for carriage within ISO/IEC 23090-2. ovl_num_atlases_minus1 shall be equal to

or less than

ovl_atlas_i

vps_atlas_count_minusl.

d[ i ] specifies the atlas ID of the i-th atlas for which the texture frames are compatible for

carriage within [SO/IEC 23090-2. The value of ov1_atlas_id[ i ] shall be in the range of 0 to 63, inclusive.

F.3.8 Geometry assistance SEI payload semantics

The geometry assistance SEI message indicates suggested information associated with each view

that can be

used to reduce complexity of a depth estimation process occurring at decoder side when a

geometry cfmponent 1s not present.

A view is ur]
subblocks d
top left cor
may indicaf
not need to
syntax indi
estimation

and to avoi
the availabl
syntax. Figu

Table .7 — The different block split types and associated values of the syntax elements

iformly divided into square blocks, and each block can be further divided once into Smialler
f square or rectangular shapes. The top left corner of the first block coincides’ with the
her of a view. One or more syntax elements are associated with each block!The syjntax
e that the block is skipped, thereby suggesting that the depth of the cuihrent block [does
be updated. If the syntax indicates that the current block is not skipped, the remajning
fates the suggested minimum and maximum geometry values presentin the block. A depth
brocess can take benefit of this information to reduce the search space of depth candidpates,
] producing geometry values that are outside of the suggested range. Table F.7 indi¢ates
e split types (including no split) of a block, with the associated values of the block divfsion
re F.1 shows an example of the block subdivision of a view.

gas_split_fldg 0 1
gas_quad_| 0 0 0
split_flag
gas_split_orf}- 0 0 0 1 1 1
entation_flag
gas_split_ 1 0 0 1 0 0
symmetry|
flag
gas_split_ - 0 1 - 0 1
first_block
bigger
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gasBW

- - ———

gasBW

- ——

Figure F.1 — Example of a partitionefa view into all possible block divisions

gas_gs specifies the quantization step for the suggested geometry range boundaries.

gas_num_views_minus1 plus 1 specifies the number of views for which geometry |asssistance
parameters are signalled.

gas_llog2_bw_minus2 specifies-the value of the variable gasBW, as shown in Figure E.1, as fpllows:
asBW =1 << ( gas_log2._bw_minus2 + 2 ) (F.19)
gas_projection_plane_width_minus1[ v ] plus 1 and gas_projection_plane_height_minus1[ v ]

plus|1 specify theHorizontal and vertical resolutions, respectively, of the camera projecftion planes,
expressed in.coded luma samples, for which geometry assistance parameters are signalled,

gas_split: flag equal to 1 indicates that the current block is split into smaller subblocks. gas_split_flag
equdl to-0O-indicates that the current block is not split into smaller subblocks.

gas_quad_split_flag equal to 0 indicates that the current block is split into two rectangular subblocks.
gas_quad_split_flag equal to 1 indicates that the current block is split into four square subblocks of
identical sizes.

gas_split_orientation_flag equal to 0 indicates that the current block is split horizontally. gas_split_
orientation_flag equal to 1 indicates that the current block is split vertically.

gas_split_symmetry_flag equal to 0 indicates that the area of the two sublocks differ, with the division
occuring at a quarter of the block width from one end. gas_split_symmetry_flag equal to 1 indicates
that the area of the two sublocks is equal.

gas_split_first_block_bigger equal to 1 indicates that the first subblock (top subblock if gas_split_
orientation_flag is equal to 0, and left subblock if gas_split_orientation_flag is equal to 1) is bigger than
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the second subblock. gas_split_first_block_bigger equal to 0 indicates that the first subblock is smaller
than the second subblock.

gas_skip_flag equal to 0 indicates that a gas_zmin_delta and a gas_zmax_delta syntax elements are
present in the bitstream, and that a gas_ltmin_flag and a gas_ltmax_flag may be present. gas_skip_flag
equal to 1 indicates that no other syntax elements are present in the bitstream for the current block,
and it suggests that the geometry information in this block has not changed since the previous frame in
display order.

gas_ltmin_flag equal to 0 indicates that the prediction of the current minimum geometry is to be taken
from the left block, otherwise from the top block.

gas_ltmax |
taken from

gas_zmin_(
value sugge

gas_zmax_
geometry v

Variables Z
block, respg

Variables Z]
respectively

The sugges
block are dg

ZMin =
( LTMinl

ZMax =
( LTMax]

flag equal to O indicates that the prediction of the current maximum geometry-is
the left block, otherwise from the top block.

Jelta specifies the remainder to be added to the prediction to obtain the minimium geon
sted for the current block.

lelta specifies the remainder to be added to the prediction to @btain the maxii
hlue suggested for the current block

MinLeft and ZMaxLeft are set to the minimum and maximuni\geometry range of the
ctively, and if available.

inTop and ZMaxTop are set to the minimum and maximum geometry range of the top b
, and if available.

fed minimum geometry range ZMin and maximuum geometry range ZMax of the cui
rived by the following formulae:

Flag == 270 : LTMinFlag == 1 ? ZMinTop<‘ZMinLeft ) + gas_qs * gas_zmin_delta (

Flag == 27 0 : LTMaxFlag == 1-7ZMinTop : ZMinLeft ) + gas_gs * gas_zmax_delta (

o be

etry

muim

left

lock,

rent

7.20)

F.21)
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Annex G
(informative)

Volumetric usability information

The specifications in ISO/IEC 23090-5:—, Annex G apply with the following modifications.

in tHe coded MIV sequence. If vui_parameters( ) present in both the CASPS and ASPS‘of-d coded MIV

Wth vul_parameters( ) are present in the CASPS, the syntax elements apply to all atlgses present
sequence, then their contents shall be the same.

In this version of this specification, the value of vui_display_box_info_present™lag and fui_anchor_
poinf_present_flag shall be equal to zero.
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Annex H
(Informative)

Overview of the rendering processes

H.1 General

H.1.1 The
processes,
application

— The sar
point in

3D forr:Lat conversion. The process demonstrates the use of most view parameters including caj
s, camera extrinsics and depth quantization parameters. When applied to all atlas saniples

intrinsi
in a vol
applica

— The ent
transco

— The ge
presery

— The pryned view reconstruction process (H.6)specifies how to reconstruct a pruned view

multipl
per pat
atlases.

— Thesan

blendinjg weight for a sample within'a pruned view. It is common for multiview renderers to h
per view that depends en/the viewport position. This process enables this type of soljition

weight
when v

— TheM
adeco

H.1.2 An{

a) Scale ge

purpose of Annex H is to provide informative hypothetical transcoding and (rendg
which operate on the outputs defined in Clause 8, Clause 9, Annex A, and Annex H
can combine multiple processes.

hple 3D reconstruction process (H.2) specifies how to reconstruct an atlas sample to
space. This process is a building block of 6DoF rendering and any trafiseoding that inv

imetric frame, a point cloud is reconstructed. Such a represeftation is useful for rende
ions and immersive video analytics.

ity-filtering process (H.3) specifies how to filter a blogk.to patch map by entity ID pri
ding or rendering, for instance to render only the fateground objects in a scene.

bmetry video scaling process (H.5) specifiesshow to upscale a geometry frame
ation of thin foreground edges.

e atlases. This process enables multiview rendering as opposed to rendering per poi
Ch. The process is also useful for transcoding applications that work with views inste

1ple weighting recovery process (H.7) specifies how to use a pruning graph to recover a

ews are pruned.

reconstruction process (H.9) specifies how to reconstruct a multi-plane image (MPI),
ed volumetrie frame with ptc_restricted_geometry_flag equal to 1.

pplication can combine all or a subset of the processes, for instance:

ometry (H.5)

ring
. An

a 3D
lves
mera

ring

Or to

with

from
Nt or
hd of

view
hve a

from

b) Apply p

atch attribute offset process (H.4)

c) Filter inpaint patches (H.8)

d) Reconstruct pruned views (H.6)

e) Determ

ine view blending weights based on a viewport pose

f) Recover sample weights (H.7)

g) Reconstruct 3D points (H.2)

h) Project

to aviewport

i) Fetch texture from multiple views
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Blend texture contributions.

H.1.3 Alternatively, an application operating on a bitstream conforming to the geometry absent

prof
a)

ile can:

Select a subset of views based on a viewport pose,

b) Apply patch attribute offset process (H.4)

c)
d)
e)
f)
g)
h)
i)

H.1.4 Alternatively, an application operating on a bitstream @+th ptc_restricted_geometr

tol

b)

H.2

H.2.1 General

This| process specifies how to réconstruct an atlas sample to a 3D point in space. This
building block of 6DoF rendering and any transcoding that involves 3D format conversion.

dem

depth quantization parameters. When applied to all atlas samples, a point cloud is reconsti
arepresentation is useful for rendering applications and immersive video analytics.

Inpults to this precess are:

Reconstruct pruned views (H.6)

Dotarmina viavr hlanding iy
=av

CCTTITIC vV IC vV OTC IO S VY CTST

Recover sample weights (H.7)

Reconstruct geometry of the subset of views using an estimator
Reproject the subset of views to a viewport (H.2)

Fetch texture from multiple views

Blend texture contributions.

Can:
Reconstruct the MPI (H.9)

Project to a viewport and blend the different texture layers from the closest to the fart
nto account the associated transparency values (reverse painter’s algorithm).

Sample 3D reconstruction process

bnstrates the use of most view parameters including camera intrinsics, camera exf

he variables u and v calculated by Formula (52) of ISO/IEC 23090-5:—,

when-decoded (or unpacked) occupancy video data is present:

y_flag equal

hest, taking

brocess is a
Che process
rinsics and
ucted. Such

— the variable occSample, the decoded (and interpolated) occupancy value of the sam

when decoded (or unpacked) geometry video data is present:

ple,

— the variable geoSample, the decoded (and interpolated) geometry value of the sample,

the variable patchldx, the atlas patch index of the sample.

Outputs of this process are:

the variable sampleOccFlag, indicating occupancy,
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— when sampleOccFlag is equal to 1:

— the variables sampleX, sampleY and sampleZ, corresponding to the Cartesian coordinates (X, y, z)
of the point in scene coordinates.

This process has the form of a sequence of processes:
a) Sample occupancy reconstruction process (H.2.2).
b) When sampleOccFlag is equal to 1:

1) Depth value clamping (H.2.3),

2) De;I)th expansion (H.2.4), applying depth quantization parameters,

3) Cogqrdinate unprojection (H.2.5), applying camera intrinsics,

4) Chgnge of reference frame (H.2.6), applying camera extrinsics,
5) Chgnge of coordinate system, applying VUI.

NOTE In the case of the geometry absent profile, the depth value clamping and depth decoding process
may be replaced by a depth sample estimation process that is out of theé scope of this version of this

docjument.

H.2.2 Sample occupancy reconstruction process

This procesp reconstructs the occupancy of an atlas sample.

Inputs to thiis process are:

— the varlable patchldx, corresponding to the atlas patch index of the atlas sample,
— the varlable atlasID, corresponding to the atlas ID of the atlas sample,

— the varjable occSample, the decoded (and\interpolated) occupancy value of the atlas sample, when
present,

— the varjable geoSample, the decoded (and interpolated) geometry value of the atlas sample, when
present].

The output pf this process is:
— the varlable sampleOccFlag, indicating sample occupancy.

The occupapcy videpréconstruction process operates as follows:

if( patghIdse <0 )
sample@ceFlag = 0
else if|("Wps occupancy video present flag[ atlasID ] ||
pin_occupancy present rlag| aclaslID ] )
sampleOccFlag = occSample
else if( vme embedded occupancy enabled flag ) {
if ( AsmeDepthOccThresholdFlag[ atlasID ] )
t = AtlasPatchDepthOccThreshold|[ patchIdx ]
else {
v
t
}
sampleOccFlag = t <= geoSample ? 1 : O
} else
sampleOccFlag = 1

AtlasPatchViewIndex[ patchIdx ]
ViewOccThreshold[ v ]

}
H.2.3 Depth clamping process

This process clamps the depth value to be within the integer range of the atlas patch.

56 © ISO/IEC 2023 - All rights reserved


https://iecnorm.com/api/?name=c2bb5c66a76af91c54c54a0bd364faab

	Foreword 
	Introduction 
	1 Scope 
	2 Normative reference 
	3 Terms and definitions 
	4 Abbreviated terms 
	5 Conventions 
	6 Overall V3C characteristics, decoding operations, and post-decoding processes 
	7 Bitstream format, partitioning, and scanning processes 
	7.1 General 
	7.2 V3C bitstream formats 
	7.3 NAL bitstream formats 
	7.4 Partitioning of atlas frames into tiles 
	7.5 Tile partition scanning processes 
	7.6 Mapping of views to V3C components 
	7.7 Sources and outputs 

	8 Syntax and semantics 
	8.1 Method of specifying syntax in tabular form 
	8.2 Specification of syntax functions and descriptors 
	8.3 Syntax in tabular form 
	8.3.1 General syntax 
	8.3.2 V3C unit syntax 
	8.3.3 Byte alignment syntax 
	8.3.4 V3C parameter set syntax 
	8.3.5 NAL unit syntax 
	8.3.6 Raw byte sequence payloads, trailing bits, and byte alignment syntax 
	8.3.7 Atlas tile data unit syntax 
	8.3.8 Supplemental enhancement information message syntax 
	8.3.9 V3C MIV extension syntax in tabular form 

	8.4 Semantics 
	8.4.1 General semantics 
	8.4.2 V3C MIV extension semantics 
	8.4.3 Order of V3C units and association to coded information 


	9 Decoding process 
	9.1 General decoding process 
	9.2 Atlas data decoding process 
	9.2.1 General atlas data decoding process 
	9.2.2 Decoding process for a coded atlas frame 
	9.2.3 Atlas NAL unit decoding process 
	9.2.4 Atlas tile header decoding process 
	9.2.5 Decoding process for patch data units 
	9.2.6 Decoding process of the block to patch map 
	9.2.7 Conversion of tile level patch information to atlas level patch information 

	9.3 Occupancy video decoding process 
	9.4 Geometry video decoding process 
	9.5 Attribute video decoding process 
	9.6 Packed video decoding process 
	9.7 Common atlas data decoding process 
	9.7.1 General common atlas data decoding process 
	9.7.2 Decoding process for a coded common atlas frame 
	9.7.3 Common atlas NAL unit decoding process 
	9.7.4 Common atlas frame order count derivation process 
	9.7.5 Common atlas frame MIV extension decoding process 

	9.8 Sub-bitstream extraction process 
	9.8.1 General 
	9.8.2 V3C unit extraction 
	9.8.3 NAL unit extraction process 
	9.8.4 Group extraction process 


	10 Pre-reconstruction process 
	11 Reconstruction process 
	12 Post-reconstruction process 
	13 Adaptation process 
	14 Parsing process 
	Annex A (normative)  Profiles, tiers, and levels 
	Annex B (informative)  Post-decoding conversion to nominal video formats 
	Annex C (informative)  V3C sample stream format 
	Annex D (normative)  NAL sample stream format 
	Annex E (normative)  Atlas hypothetical reference decoder 
	Annex F (normative)  Supplemental enhancement information 
	Annex G (informative)  Volumetric usability information 
	Annex H (Informative)  Overview of the rendering processes 
	Bibliography 

