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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 inter

national

organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work

jhe procedures used to develop this document and those intended for its further, maif
re described in the ISO/IEC Directives, Part 1. In particular, the different approeval
eeded for the different types of document should be noted. This document’\was dr

tenance
criteria
hfted in
tives or

1
dccordance with the editorial rules of the ISO/IEC Directives, Part 2 (see www.iSo.org/dire
www.iec.ch/members_experts/refdocs).

ttention is drawn to the possibility that some of the elements of this documient may be the
f patent rights. ISO and IEC shall not be held responsible for identifying any or all sucl
ights. Details of any patent rights identified during the development\0of'the document will &
htroduction and/or on the ISO list of patent declarations received (see-www.iso.org/patents) o
st of patent declarations received (see https://patents.iec.ch).

=== o %

Any trade name used in this document is information given4or the convenience of users and
gonstitute an endorsement.

or an explanation of the voluntary nature of standards, the meaning of ISO specific tel
xpressions related to conformity assessment, as well as information about ISO's adhe;
he World Trade Organization (WTO) principles in the Technical Barriers to Trade (T
rww.iso.org/iso/foreword.html. In the IEC, seelwww.iec.ch/understanding-standards.

< o D

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

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

ny feedback or questions en this document should be directed to the user’s national s

subject
h patent
e in the
r the IEC

Hoes not
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BT) see

hnology,

andards
ml and

A
Hody. A complete listing<;of these bodies can be found at www.iso.org/members.ht
www.iec.ch/national-committees.
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Introduction

This document is organized as follows.

— Clauses 5 describes common metadata applicable to immersive media. This includes reference co-
ordinate system related metadata and other common metadata syntax and semantics.

— Clauses 6 describes metadata that applies to video and images. This includes projection formats and
packing region-wise formats metadata which applies to video and images.

The goa
standar

The Int
Commis
involve {

ISO and

The hold
reasona
respect,
be obtai

Attenti;ul? is drawn to the possibility that some of the elements-of.this document may be the subjed

of pate
identify

of this document is to allow reuse of the commonly defined metadata to be referenced by ethe
s.

—

—_—

ernational Organization for Standardization (ISO) and the International Electrotechnicd
sion (IEC) draw attention to the fact that it is claimed that compliance with this dgeument majfy
he use of a patent.

[EC take no position concerning the evidence, validity and scope of this patent right.

er of this patent right has assured ISO and IEC that he/she is willing teniegotiate licences unddr
ple and non-discriminatory terms and conditions with applicants threughout the world. In thi
the statement of the holder of this patent right is registered with ISO and IEC. Information maly
ned from the patent database available at www.iso.org/patents or https://patents.iec.ch.

[72)

= o+

rights other than those in the patent database. ISO and*IEC shall not be held responsible fo
ng any or all such patent rights.

Vi
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Information technology — Coded representation of
immersive media —

Part 7:
Immersive media metadata

1 Scope

—

his document specifies common immersive media metadata focusing on immersive videos (i
60° videos) and images.

L)

2 Normative references

—

he following documents are referred to in the text in such a wayythat some or all of thein
donstitutes requirements of this document. For dated references, only the edition cited app
undated references, the latest edition of the referenced document (including any amendments)

IBO/IEC 14496-12, Information technology — Coding of audio*visual objects — Part 12: ISO base 1
format

IBO/IEC 23008-12, Information technology — High efficiency coding and media delivery in heter(

dnvironments — Part 12: Image file format

3 Terms, definitions and symbols

3.1 Terms and definitions

Hor the purposes of this decument, the terms and definitions given in ISO/IEC 14496
50/IEC 23008-12 and the fellowing apply.

[l

[50 and IEC maintain terminology databases for use in standardization at the following addres

- ISO Online browsing platform: available at https://www.iso.org/obp

— [EC Electropeédia: available at https://www.electropedia.org/

311
zimuth
rst‘ofithe two sphere coordinates (3.1.22) describing the location of a point on the sphere

= Q)

hcluding

content
lies. For
applies.
hedia file

geneous

-12 and

Ses:

12
azimuth circle
circle on the sphere connecting all points with the same azimuth (3.1.1) value

Note 1 to entry: An azimuth circle is always a great circle (3.1.12).

3.1.3
circular image
image captured with a fisheye lens (3.1.9)

© ISO/IEC 2022 - All rights reserved
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3.14

common reference coordinate system

3D Cartesian coordinate system with the centre being (X, Y, Z) equal to (0, 0, 0), used as the reference
coordinate system for all viewpoints within a viewpoint group (3.1.27)

3.1.5

content coverage

one or more sphere regions (3.1.23) that are covered by the content represented by the track or by an
image item

3.1.6
elevatiqn
second ¢f the two sphere coordinates (3.1.22) describing the location of a point on the sphere

3.1.7
elevatiqn circle
circle or] the sphere connecting all points with the same elevation (3.1.6) value

Note 1 td entry: When the elevation is zero, an elevation circle is also a great circle (3.112). This coincides with
the equator on Earth.

3.1.8
field of yiew
extent of the observable world in captured/recorded content or in a physical display device

3.1.9
fisheye lens

wide-angle camera lens that usually captures an approximately hemispherical field of view (3.1.8) an
projects|it as a circular image (3.1.3)

o

3.1.10
fisheye video
video captured by fisheye lenses (3.1.9)

3.1.11
global goordinate axes
coordingte axes that are associated with audio, video, and images representing the same acquisitiop
position/and intended to be rendered-together

3.1.12
great cigcle
intersection of the sphere and a plane that passes through the centre point of the sphere

Note 1 toentry: A greatkircle is also known as an orthodrome or Riemannian circle.
Note 2 tg entry: The centre of the sphere and the centre of a great circle are co-located.

3.1.13
guard band
area in a packed picture (3.1.16) that is not rendered but may be used to improve the rendered part of
the packed picture to avoid or mitigate visual artifacts such as seams

Note 1 to entry: Guard bands are associated with packed regions (3.1.17) as described in 6.5.2.

3.1.14
local coordinate axes
coordinate axes obtained after applying rotation to the global coordinate axes (3.1.11)

2 © ISO/IEC 2022 - All rights reserved
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3.1.15

omnidirectional video

video and its associated audio that enable rendering according to the user's viewing orientation (3.1.26),
if consumed with a head-mounted device, or according to user's desired viewport (3.1.28), otherwise, as
if the user was in the spot where and when the media was captured

3.1.16
packed picture
picture that is represented as a coded picture in the coded video bitstream

3.1.17

packed region

region in a packed picture (3.1.16) that is mapped to a projected region (3.1.19) as specified by the region-
Wwise packing (3.1.21) signalling

3.1.18

projected picture

ficture that has a representation format specified by an omnidirectional Video (3.1.15) ptojection
(B.1.20) format

3.1.19

projected region

region in a projected picture (3.1.18) that is mapped to a packed region (3.1.17) as specified by the region-
Wwise packing (3.1.21) signalling

3.1.20

projection

inverse of the process by which the samples of a-projected picture (3.1.18) are mapped to|a set of
fositions identified by a set of azimuth (3.1.1) andelevation (3.1.6) coordinates on a unit spherd

3.1.21

riegion-wise packing

inverse of the process of transformation,resizing, and relocating of packed regions (3.1.17) of 4 packed
Hicture (3.1.16) to remap to projected-regions (3.1.19) of a projected picture (3.1.18)

3.1.22

here coordinates
zimuth (¢) (3.1.1) and elevation (6) (3.1.6) that identify a location of a point on the unit sphere

1.23
here region
region on a sphefe; specified either by four great circles (3.1.12) or by two azimuth circles (3/1.2) and
two elevationcircles (3.1.7), or such a region on the rotated sphere after applying certain arpount of
aw, pitch, and roll rotations

1.24
DL
ntactic description language
language that allows the description of a bitstream's Syntax

Note 1 to entry: Syntactic description language is defined in ISO/IEC 14496-1:2010, Clause 8.

3.1.25

tilt angle

angle indicating the amount of tilt of a sphere region (3.1.23), measured as the amount of rotation of the
sphere region along the axis originating from the sphere origin passing through the centre point of the
sphere region, where the angle value increases clockwise when looking from the origin towards the
positive end of the axis

© ISO/IEC 2022 - All rights reserved 3
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3.1.26

viewing orientation
triple of azimuth (3.1.1), elevation (3.1.6), and tilt angle (3.1.25) characterizing the orientation that a
user is consuming the audio-visual content

Note 1 to entry: In case of image or video, viewing orientation characterizes the orientation of the viewport

(3.1.28).

3.1.27

viewpoint group

group o

3.1.28
viewpo

region of omnidirectional image or video suitable for display and viewing by the user

3.2 Sy

+

xJ

< |

y
Zf(i)

x%y

Asin( x)

Atan( x ]

viewpoints that share the same common reference coordinate system (3.1.4)

mbols

Addition.
Subtraction (as a two-argument operator) or negation (as a unary prefix operator).
Multiplication, including matrix multiplication.

Exponentiation. Specifies x to the power of y. In othercontexts, such notation is used for
superscripting not intended for interpretation asiexponentiation.

B

Integer division with truncation of the resulttoward zero. For example, 7 / 4 and -7 / -1
are truncated to 1 and -7 / 4 and 7 / -4 aretruncated to -1.

Used to denote division in mathematical equations where no truncation or rounding is
intended.

Used to denote division in math€matical equations where no truncation or rounding is
intended.

The summation of f( i)\with i taking all integer values from x up to and including y.

Modulus. Remainder of x divided by y, defined only for integers x and y with x >= 0 and
y>0.

The trigenometric inverse sine function, operating on an argument x that is in the range
of =1.0to 1.0, inclusive, with an output value in the range of -m+2 to m+2, inclusive, in
units of radians.

The trigonometric invers tangent function, operating on an argument x that is any real
number, with an output value in the range of —m=2 to m=2, inclusive, in units of radians

© ISO/IEC 2022 - All rights reserved
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Atan(zj ; ifx>0
X
Atan(l)m ; ifx<0 && y>=0
X
Atan2(y,x)= Atan(l)—n ; ifx<0 && y<0 (3-1)
X
T :
+— ; ifx==0 && y>=0
_I ; otherwise
2
(os(x) The trigonometric cosine function operating on an argument x in units of radians.
Hloor( x) The the largest integer less than or equal to x.
in(x) The trigonometric sine function operating on an argument xin units of radians.
an( x) The trigonometric tangent function operating on an argument x in units of radial
Overview
.1 General

his document specifies common immersive media etadata focusing on immersive videos (i
60° videos) and images. The metadata includes ¢@-ordinate system, projection format, and
gion-wise formats metadata.

.2 Variables

his document derives variables thatare named by a mixture of lower case and upper case le
ithout any underscore characters.

.3 Processes

rocesses are used to describe the various operations. A process has a set of one or more input
ne or more outputs and ‘a sequence of operation steps.

.4 Syntax structures

ntax stougtures in this document are specified with the syntactic description language (SDL) 4
[SO/1EC\14496-1:2010, Clause 8, with the following change: Unlike specified in ISO/IEC 14496
lausé: 8; this document allows a variable declaration in expressionl of a for loop for (exprd

hcluding
packing

tter and

,asetof

pecified
-1:2010,

ssionl;

xpression2; expression3). Such a variable declaration may be used for a loop index Variabﬁe with a

atatune
P

NOTE As specified in ISO/IEC 14496-1:2010, 8.3.6, this document allows declaring a syntax element that
is an individual element in an array. Such a declaration follows ISO/IEC 14496-1:2010, Rule A.2: typespec
name [ [index] ]; which declares the index-th element of the array name as an individual syntax element having
the data typespec. In the context of this document, typespec name[[index]] is only used to refer to the index

in the semantics and is actually equivalent to typespec name.

© ISO/IEC 2022 - All rights reserved
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5 Common metadata

5.1 Reference coordinate system

The coordinate system consists of a unit sphere and three coordinate axes, namely the X (back-to-front)
axis, the Y (lateral, side-to-side) axis, and the Z (vertical, up) axis, where the three axes cross at the
centre of the sphere.

The location of a point on the sphere is identified by a pair of sphere coordinates azimuth (¢) and
elevatiop{63-

jon

Figure §.1 specifies the relation of the sphere coordinates azimuth (¢) and elevation () to the XY, lan
Z coordinate axes.

Z

e

increasing ¢

X

Figure 5.1 — Coordinate axes and their relation to the sphere coordinates

—n

The valpie ranges of azimtith is -180.0, inclusive, to 180.0, exclusive, degrees. The value range q
elevatioh is =90.0 to 90.0@inclusive, degrees.

5.2 Cogordinate'system rotation

Inputs tp thisjprocess are:

— rot3t¥on vaw (@y), rotation pitch (f4), rotation roll (y4), all in units of degrees, where
rotation_yaw (@) and rotation_roll (¥4), are in the range of —180.0, inclusive, to 180.0, exclusive,
and rotation pitch (f4) is in the range of -90.0 to 90.0, inclusive, and

— sphere coordinates (¢4, 64) relative to the local coordinate axes.
Outputs of this process are:
— sphere coordinates (¢, 8') in degrees relative to the global coordinate axes.

This process specifies rotations around the three axes of the coordinate system of 5.1 where yaw ()
expresses a rotation around the Z axis, pitch (,) rotates around the Y axis, and roll (y,) rotates around
the X axis. Rotations are extrinsic, i.e. around X, Y, and Z fixed reference axes. The angles increase
clockwise when looking from the origin towards the positive end of an axis, as illustrated in Figure 5.2.

6 © ISO/IEC 2022 - All rights reserved
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X Roll

Figure 5.2 — Illustration of the directions of the yaw, pitch, and roll rotations

Vhen any of the yaw (a,), pitch (f4) and roll (y4) rotatien angles is not equal to zero, an OMA
eeds to apply the sphere rotation process specified in-this clause to convert the local coordin

b the global coordinate axes.

=0 <

t

[ is assumed that the global coordinate systeins for different media types were made aligne
ontent production.

o —

—]

he outputs are derived as follows:
p=¢y* m +180

0=0,* n +180

a=ay* m +180

B=P;* © +180

Y =¥q *¢m+ 180
x,.=\€os(¢p ) * Cos( )

%1 = Sin(¢p) * Cos(6)

F player
ate axes

1 during

z,=Sin(0)

x, = Cos( ) * Cos (@) *x; - Cos( ) * Sin(a) * yy +Sin( ) * z,

Y2=(Cos(y)*Sin(a) +Sin(y)*Sin(f) * Cos(a) ) * x; +
(Cos(y)*Cos(a) ~Sin(y)*Sin(f)*Sin(a))*y; -
Sin(y) *Cos(f) * z4

Z,=(Sin(y) *Sin(a) - Cos(y) *Sin(p) *Cos(a) ) *x; +
(Sin(y)*Cos(a) + Cos(y)*Sin(B)*Sin(a)) *y, +
Cos(y)* Cos(f)*z

© ISO/IEC 2022 - All rights reserved
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¢’ =Atan2(y,, x,)*180 + T

0'=Asin(z,)*180+m

5.3 Common metadata data structures

5.3.1 Rotation structure

5.3.1.1

Definition

The fiel(lis in this structure provides the yaw, pitch, and roll angles, respectively, of the rotation to

applied
omnidir

5.3.1.2

aligned
sign
sign
sign

}
5.3.2

5.3.2.1

The fieldls in this structure provides the content coverage, Wwhich is expressed by one or more spherje

regions

5.3.2.2

aligned
unsi
unsi
unsi
if (
u

b

} el
b
for
i

wn —

}
5.3.3

ectional video, the fields apply to each view individually.

Syntax
(8) class RotationStruct () {
ed int (32) rotation yaw;

bd int (32) rotation pitch;
ed int (32) rotation roll;

Content coverage structure

Definition

rovered by the content, relative to the global coordinate axes.
Syntax
(8) class ContentCoverageStruct () {

bned int (8) coverage shape type;
bned int (8) num regions;

bned int (1) view idc presenceg- £tag;
yiew idc presence flag == 0) 4
hsigned int (2) default viéw ddc;

it (5) reserved = 0;

Ee

it (7) reserved = 0;

(1 =0; 1 < num regions; i++) {
f (view idc presefide flag == 1) {
unsigned int(2)" view idc[i];

bit (6) resérved = 0;

pbhereRegionStruct (1, 1);

Viewpoint information structures

5.3.3.1

bF
fo convert the local coordinate axes to the global coordinate axes. In the case of sterépscop

(9]

Definition

The ViewpointPosStruct (), ViewpointGpsPositionStruct (), ViewpointGeomagneticInfoStruct (), Vie
wpointGlobalCoordinateSysRotationStruct (), and ViewpointGroupStruct () provideinﬂnwnaﬁon of
a viewpoint, including (X, Y, Z) position of the viewpoint, GPS position of the viewpoint, geomagnetic
position information for the viewpoint, and the yaw, pitch, and roll rotation angles of X, Y, and Z
axes, respectively, of the global coordinate system of the viewpoint relative to the common reference
coordinate system, and viewpoint group information.

© ISO/IEC 2022 - All rights reserved
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5.3.3.2 Syntax

aligned (8) ViewpointPosStruct () {
signed int (32) viewpoint pos x;
signed int (32) viewpoint pos_ y;
signed int (32) viewpoint pos z;

}

aligned(8) class ViewpointGpsPositionStruct () {
signed int (32) viewpoint gpspos longitude;
signed int (32) viewpoint gpspos latitude;
signed int (32) viewpoint gpspos altitude;

ISO/IEC 23090-7:2022(E)

ligned(8) class ViewpointGeomagneticInfoStruct () {
signed int (32) viewpoint geomagnetic yaw;
signed int (32) viewpoint geomagnetic pitch;
signed int (32) viewpoint geomagnetic roll;

Q

Q

1ligned (8) class ViewpointGlobalCoordinateSysRotationStruct ()
signed int (32) viewpoint gcs yaw;
signed int (32) viewpoint gcs pitch;
signed int (32) viewpoint gcs roll;

Q

ligned (8) class ViewpointGroupStruct () {
unsigned int (8) vwpt group id;
utf8string vwpt group description;

5.3.4 Sphere region structure

3.3.4.1 Definition

structure is a point on a spherical surface.

cAzimuth, cElevation1, and cElevation2 derived as follows:

centreAzimuth = centreazimuth + 65536

centreElevation = cefisre elevation + 65536

cAzimuthl = ( ceftye azimuth —azimuth range + 2 ) + 65536
cAzimuth2 = (dentre azimuth + azimuth range +2 )+ 65536

—

df the structure containing this instance of sphererRegionstruct:

{

The sphere region structure (sphereRegionstruct)@pecifies a sphere region.
When centre tiltisequalto 0, the sphere region specified by this structure is derived as follc

- If both azimuth range and elevation~range are equal to 0, the sphere region specified

—+ Otherwise, the sphere region is.defined using variables centreAzimuth, centreElevation, cAj

cElevationl =()centre elevation —elevation range + 2 )+ 65536
cElevation2.= ( centre elevation +elevation range + 2 ) + 65536

he sphereregion is defined as follows with reference to the shape type value specified in the se

-_When the shape type value is equal to 0, the sphere region is specified by four great circleq

WS:

by this

rimuth1,

mantics

defined

by four points cAzimuthl, cAzimuth2, cElevationl, cElevation2 and the centre point defined by

centreAzimuth and centreElevation and as shown in Figure 5.3.

— When the shape type value is equal to 1, the sphere region is specified by two azimuth circles and
two elevation circles defined by four points cAzimuth1, cAzimuth2, cElevation1, cElevation2 and
the centre point defined by centreAzimuth and centreElevation and as shown in Figure 5.4.

When centre tiltisnotequalto 0, the sphere region is firstly derived as above and then a tilt rotation
is applied along the axis originating from the sphere origin passing through the centre point of the
sphere region, where the angle value increases clockwise when looking from the origin towards the

positive end of the axis. The final sphere region is the one after applying the tilt rotation.
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Shape type value equal to 0 specifies that the sphere region is specified by four great circles as
illustrated in Figure 5.3.

Key
(cen|
cAzi
cEle
cAzi
cEle

Ul s W N

Shape ty
elevatio

freAzimuth, centreElevation)

muth?2
pation1
muth1
pation2

Figure 5.3 — A sphere region specified by four great circles

pe value equal to 1 specifies that the sphere region is specified by two azimuth circles and twp
h circles as illustrated in Figure 5.4,

10
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ey
(centreAzimuth, centreElevation)
cAzimuth2
cElevation1
cAzimuth1
cElevation2

& BT SIS I S E N |

Shape type values greater than 1 are reserved.

3.3.4.2 Syntax

Q

signed int (32) centre azimathy
signed int (32) centre elevation;
signed int (32) centre tHlt;
if (range_ included flag)' {
unsigned int (32)~azimuth range;
unsigned int(32)-elevation range;

if (interpolate_included flag) ({

unsigned %fit (1) interpolate;
bit (7) preserved = 0;

5.3.5 _“Spherical region-wise quality ranking - Syntax

Q

class SphereRegionQualityRankingStruct () {

in4—(Q\ region—definitign

1ldaned (8)

G ornadl

ligned(8) SphereRegionStruct (rafige included flag, interpolate included flag) {

Figure 5.4 — A sphere region specified by two.azimuth circles and two elevation cir¢les

ISV
—FegTFoR—eerhT e

Sastgred

unsigned int (8) num regions;

unsigned int (1) remaining area flag;

unsigned int(l) view idc presence flag;

unsigned int (1) unspecified flag;

unsigned int(4) quality type;

bit (1) reserved = 0;

if (view idc presence flag == 0) {
unsigned int(2) default view idc;
bit (6) reserved = 0;

}
for (i = 0; i < num regions; i++) {
unsigned int(8) quality ranking;
if (view idc presence flag == 1) {
unsigned int (2) view idc;

© ISO/IEC 2022 - All rights reserved
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bit (6) reserved = 0;

if (quality type == 1) {

unsigned int (16) orig width;
unsigned int(16) orig height;

if ((1 < (num_regions - 1)) || (remaining area flag == 0))

)
SphereRegionStruct (1, 1);

5.3.6 2D region-wise quality ranking structure- Syntax

aligned
unsi
unsi
unsi
unsi
unsi
bit(
if (
u
b
}
for

o

}

5.4 Common metadata semantics

5.4.1

rotatio

of the rotation that'is’applied to the unit sphere to convert the local coordinate axes to the global

cool
be i
-90
incl

(8) class 2DRegionQualityRankingStruct () {
bned int (8) num regions;

bned int (1) remaining area flag;

bned int (1) view idc presence flag;

jned int (1) unspecified flag;

pned int (4) quality type;

) reserved = 0;

View idc presence flag == 0) {

hsigned int (2) default view idc;

it (6) reserved = 0;

(1 = 0; 1 < num _regions; i++) {
hsigned int (8) quality ranking;

f (view idc presence flag == 1) {
unsigned int(2) view idc;

bit (6) reserved = 0;

f (quality type == 1) {
unsigned int (16) orig width;
unsigned int (16) orig height;

F ((1 < (num _regions - 1)) || (remaining_area flag == 0)) {
unsigned int (16) left offset;

unsigned int (16) top offset;
unsigned int (16) region width;
unsigned int (16) region height;

Rotation structure --Semantics

h yaw, rotation ¢pitch, and rotation roll specify the yaw, pitch, and roll angles, respectively,

rdinate axes;{mrunits of 2716 degrees, relative to the global coordinate axes. rotation_yaw shall
h the rangg of -180 * 216 to 180 *216 - 1, inclusive. rotation pitch shall be in the range qf
* 216 9290 * 216, inclusive. rotation roll shall be in the range of -180 * 216 to 180 * 216 - 1,
1Siye.

5.4.2

Content coverage structure - Semantics

coverage shape type specifies the shape of the sphere regions expressing the content coverage.
coverage shape type has the same semantics as shape type specified in 5.4.1. The value of
coverage shape type is used as the shape type value when applying 5.3.4 to the semantics of
ContentCoverageStruct.

num_reg

view id

ions specifies the number of sphere regions. Value 0 is reserved.

c presence flagequalto 0 specifiesthatview idc[i] iSnotpresent.view idc presence flag

equal to 1 specifies that view idc[i] is present and indicates the association of sphere regions with
particular (left, right, or both) views.

12
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default view idc equal to O indicates that each sphere region is monoscopic, 1 indicates that each

sphere region is on the left view of a stereoscopic content, 2 indicates that each sphere region is on
the right view of a stereoscopic content, 3 indicates that each sphere region is on both the left and
right views.

view idc[i] equal to 1 indicates that the i-th sphere region is on the left view of a stereoscopic content,

2 indicates the i-th sphere region is on the right view of a stereoscopic content, and 3 indicates that
the i-th sphere region is on both the left and right views. view idc(i] equal to 0 is reserved.

NOTE view idc presence flag equal to 1 enables indicating asymmetric stereoscopic coverage. For

<

4.3 Viewpoint information structures - Semantics

example, one example of an asymmetric stereoscopic coverage can be described by setting num |regions
equal to 2, indicating one sphere region to be on the left view covering the azimuth range of -90° to 90°,
inclusive, and indicating the other sphere region to be on the right view covering the azimuth range|of -60 to
60°, inclusive.

Vhen SphereRegionStruct (1, 1) is included in the contentCoveragestruct()y-5.3.4 applies and

interpolate shall be equal to 0.

he content coverage is specified by the union of num_regions sphererRegiéngtruct (1, 1) strugcture(s).

When num_regions is greater than 1, the content coverage may be ndu>contiguous.

iewpoint pos x, viewpoint pos vy, and viewpoint pos z Spécify the position of the viewpoint (when

the position of the viewpoint is static) or the initial position of viewpoint (when the positipn of the
viewpoint is dynamic), in units of 10! millimeters, in{ 3D space, relative to the common reference
coordinate system. If a viewpoint is associated,with a timed metadata track with sampgle entry
type 'dyvp', the position of the viewpoint is dynamic. Otherwise, the position of the viewpoint is
static. In the former case, the dynamic positiofi-of the viewpoint is signalled in the associat¢d timed
metadata track with sample entry type 'dyup’.

iewpoint gpspos longitude indicates thelongitude of the geolocation of the viewpoint in units of 2723

degrees. viewpoint gpspos_ longitdde shall be in range of -180 * 223 to 180 * 223 - 1, inclusive.
Positive values represent easternlongitude and negative values represent western longitufle.

iewpoint gpspos latitude indieates the latitude of the geolocation of the viewpoint in units of 223

degrees. viewpoint gpspds latitude shall be in range of -90 * 223 to 90 * 223 - 1, inclusive.|Positive
value represents northern latitude and negative value represents southern latitude.

iewpoint gpspos altitide indicates the altitude of the geolocation of the viewpoint in |units of

milimeters above,the WGS 84 reference ellipsoid as specified in the EPSG:4326 database gvailable

at https://epsg-org.

iewpoint gedmagnetic_ yaw, viewpoint geomagnetic pitch, and viewpoint geomagneflic roll

specify,the yaw, pitch, and roll angles, respectively, of the rotation angles of X, Y, Z ax¢s of the
common reference coordinate system relative to the geomagnetic North direction, in unitls of 2-16
degrees. viewpoint geomagnetic yaw shall be in the range of -180 * 216 to 180 *216 - 1, ipclusive.
ylewpoint geomagnetic pitch shall be in the range of -90 * 216 to 90 * 216, inclusive. vidwpoint

400 %

1 113 - b £ QN x 16 16 4 1 -
geomagnetic roll SHdII'DCE I UIC I'dllge O =1oU = 477 10 10U = 477 = 1, HICIUSIVCE.

viewpoint gcs yaw, viewpoint gcs pitch, and viewpoint gcs roll specify the yaw, pitch, and roll

angles, respectively, of the rotation angles of X, Y, Z axes of the global coordinate system of the
viewpoint relative to the common reference coordinate system, in units of 2716 degrees. viewpoint
gcs_yaw shall be in the range of 180 * 216 to 180 *216 - 1, inclusive. viewpoint gcs pitch shall be
in the range of -90 * 216 to 90 * 216, inclusive. viewpoint_gcs_rol1 shall be in the range of -180 * 216
to 180 * 216 — 1, inclusive.

vwpt_group_id indicates the identifier of a viewpoint group. All viewpoints in a viewpoint group share

a common reference coordinate system.
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NOTE1 When two viewpoints have different values of vwpt group_id, their position coordinates are not
comparable, because the viewpoints belong to different coordinate systems.

vwpt_group description is a null-terminated UTF-8 string which indicates the description of a
viewpoint group. A null string is allowed.

5.4.4 Sphere region structure - Semantics

centre azimuth and centre elevation specify the azimuth and elevation values, respectively, of
the centre of the sphere region in units of 2716 degrees. centre azimuth shall be in the range of
-180 * 216 to0 180 * 216 - 1, inclusive. centre elevation shall be in the range of -90 * 216 to 90 * 21},
inclfisive.

centre Filt specifies the tilt angle of the sphere region in units of 2716 degrees. centre tifl shall be
in the range of -180 * 216 to 180 * 216 - 1, inclusive.

azimuth| range and elevation range, when present, specify the azimuth and  €levation ranges,
respectively, of the sphere region specified by this structure in units of 2716 dégrees. azimuth|
rande and elevation range specify the range through the centre point of the sphere region, as
illugtrated by Figure 5.3 or Figure 5.4. When azimuth range and elevatiom range are not present
in this instance of sphereregionstruct, they are inferred as specified/in the semantics of the
strycture containing this instance of sphereRegionstruct. azimuth ¢addge shall be in the range of D
to 3p0 * 216, inclusive. elevation range shall be in the range of 0,ta(180 * 216, inclusive.

[}

The semjantics of interpolate are specified by the semantics of the structure containing this instang
of sphefeRegionstruct. When interpolate is not present in this instance of sphereRegionStruct
it is infierred as specified in the semantics of the syntax)structure containing this instance d
SphereRggionStruct.

—n -

5.4.5 PSpherical region-wise quality ranking - Semantics

region Hefinition type equal to O specifies that the sphere region is specified by four great circles
regjon definition type equal to 1 specifies that the sphere region is specified by two azimut
circles and two elevation circles. regiofudefinition type values greater than 1 are reserved.

=

num_reglions specifies the number of ‘quality ranking sphere regions for which the quality ranking
infopmation is given in this box;Value 0 is reserved. There shall be no point on the sphere that j
confained in more than oneof.these quality ranking sphere regions.

[72)

remainihg area flagequal-to 0 specifies that all the quality ranking sphere regions are defined by thie
Sph¢reRegionStruct(},~1) structures. remaining area flagequalto 1 specifies that the first num
regjons - 1 quality-fanking sphere regions are defined by sphereRegionstruct (1, 1) structur
and| the last remaining quality ranking sphere region is the sphere region within the conter
cov¢rage, not-covered by the union of the quality ranking sphere regions defined by the first nun
regjons = NVSphereRegionStruct (1, 1) structures. The last remaining quality ranking spher
region may-be on both the left and right views.

— @]

T

view idk_ptesence flag equal to 0 specifies that view idc is not present. view idc presence flaly
equal to 1 specifies that view idc is present and indicates the association of quality ranking sphere
region with particular (left or right or both) views or monoscopic content.

unspecified flag may be specified by a document that references this document.

quality type indicates which factor causes the differences in the quality of packed regions on the
picture. quality type equal to O specifies that all packed regions correspond to the same projected
picture resolution. quality type equal to 1 specifies that at least one horRatio value, as derived
in 6.2.2, may differ from other horRatio values among all pairs of packed and projected regions of
the picture or at least one verRatio value, as derived in 6.2.2, may differ from other verRatio values
among all pairs of packed and projected regions of the picture. quality type values greater than 1
are reserved.
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default view_ idc equal to 0 indicates that the quality ranking sphere region is monoscopic, 1 indicates
that the quality ranking sphere region is on the left view of stereoscopic content, 2 indicates that
the quality ranking sphere region is on the right view of stereoscopic content, 3 indicates that the
quality ranking sphere region is on both the left and right views.

quality ranking specifies a quality ranking value of the quality ranking sphere region. quality
ranking equal to 0 indicates that the quality ranking value is not defined.

view idc equal to 0 indicates that the quality ranking sphere region is monoscopic, 1 indicates that the
quality ranking sphere region is on the left view of stereoscopic content, 2 indicates that the quality
ranking sphere region is on the right view of stereoscopic content, 3 indicates that the quality
ranking sphere region is on both the left and right views. When not present, the valu€ ofxtiew idc
is inferred to be equal to the value of default view idec.

drig widthand orig height specify the width and height, respectively, of such a monoscopic pjrojected
picture for which both horRatio and verRatio, as derived in 6.2.2 for each of the’packed regions that
cover the quality ranking sphere region, are equal to 1.

NOTE orig width and orig height represent the width and height,'of the picture from which the
packed region has been extracted without resampling.

JohereRegionstruct (1, 1) specifies the spherical location and. 'size of the quality ranking sphere
region relative to the global coordinate axes, while the Shape type value of the| quality
ranking sphere regions is indicated by region definitiocn type. The value of interpplate in
SphereRegionStruct (1, 1) shall be equal to 0.

§.4.6 2D region-wise quality ranking structure ~Semantics

dquality ranking specifies a quality ranking value of the quality ranking sphere region. quality
ranking equal to 0 indicates that the quality ranking value is not defined. When quality|ranking
region A has a non-zero quality rankingdvalue less than that of quality ranking region B} quality
ranking region A has a higher quality than quality ranking region B. When the quality ranking value
is non-zero, the picture quality within the entire indicated quality ranking region is approkimately
constant.

Wiew idc presence flag equal.to”0 specifies that view idc is not present. view idc preserfce flag
equal to 1 specifies thataziew idc is present and indicates the association of quality ranking region
with particular (left of right or both) views or monoscopic content.

Wiew idc equal to 0 indicates that the quality ranking region is monoscopic, 1 indicates that th¢ quality
ranking regionis on the left view of stereoscopic content, 2 indicates that the quality|ranking
region is on.the right view of stereoscopic content, 3 indicates that the quality ranking regjon is on
both the leftand right views. When not present, the value of view idc is inferred to be equal to the
value ofigefault view idc.

defaulfi¥iew idc equal to 0 indicates that the quality ranking region is monoscopic, 1 indicates that
thé quality ranking region is on the left view of stereoscopic content, 2 indicates that the¢ quality
ranking region is on the right view of stereoscopic content, 3 indicates that the quality|ranking
region is on both the left and right views.

num_regions specifies the number of quality ranking 2D regions for which the quality ranking
information is given in this structure. Value 0 is reserved. There shall be no pixel of the decoded
picture that is contained in more than one of these quality ranking 2D regions.

remaining area flag equal to O specifies that all the quality ranking 2D regions are defined by the
left offset, top offset, region width, and region height. remaining area flag equal to 1
specifies that the first num regions - 1 quality ranking 2D regions are defined by 1eft offset,
top_offset, region width, and region height and the last remaining quality ranking 2D region is
the area in the picture with width equal to width of visualsampleEntry and height equal to height
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of visualsampleEntry, not covered by the union of the first num regions - 1 quality ranking 2D

regi

ons. The last remaining quality ranking 2D region may be on both the left and right views.

unspecified flag may be specified by a document that references this document.

quality type indicates which factor causes the differences in the quality of packed regions on the
picture. quality type equal to O specifies that all packed regions correspond to the same projected
picture resolution. quality type equal to 1 specifies that at least one horRatio value, as derived

in 6

the

.2.2, may differ from other horRatio values among all pairs of packed and projected regions of

icture or at least one verRatio value, as derived in 6.2.2, may differ from other verRatio values

amgd
are

orig wi
pict
CoV{

NOT]
pack

left of
pos
hori

region within the picture, in units of luma samples. region width and region height indicate thie

wid

samples. 1eft offset + region width shall be less than widtd of visualSampleEntry. top offset f+

reg]
region |

region

6 Video and image metadata

6.1 Pi1

6.1.1
This cla

monosc@pic projected luma-picture onto a position on the unit sphere identified by a pair of azimut

and elev

The ompidirectional-projection formats specified in this document are identified by a 5-bit unsigne

integer |
referend

ng all pairs of packed and projected regions of the picture. quality type values greater than [l
Feserved.

jom

ith and orig height specify the width and height, respectively, of such a monoscopie'projecte
ure for which both horRatio and verRatio, as derived in 6.2.2 for each of the packed régions thg
r the quality ranking 2D region, are equal to 1.

(s

E orig width and orig height represent the width and height of the picture from which the
ed region has been extracted without resampling.

Fset, top offset, region width, and region height are integef walues that indicate t
tion and size of the quality ranking 2D region. left offset dnd top offset indicate t
zontal and vertical coordinates, respectively, of the upper left corner of the quality ranking 2D
th and height, respectively, of the quality ranking 2D regioh Within the picture, in units of lump
on_height shall be less than height of VisualSampleEnhtTry.

bidth shall be greater than 0.

height shall be greater than 0.

rojection formats

List of projection formats

1se specifies the inverse of the projection process for remapping of one sample location of

> O

ation coordinates.

wn

Falue. Table'6.1 specifies the omnidirectional projection format identifier values and provide

16

es tosthe subclauses in which the respective inverse projection processes are specified.
Table 6.1 — Omnidirectional prniprﬁnn formats
Identifier value |Omnidirectional projection |Reference
0 Equirectangular projection 6.1.2
1 Cubemap projection 6.1.3
2..31 Reserved N/A
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6.1.2 Equirectangular projection process
Inputs to this process are:

— pictureWidth and pictureHeight, which are the width and height, respectively, of a monoscopic
projected luma picture, in relative projected picture sample units, and

— the centre point of a sample location (hPos, vPos) along the horizontal and vertical axes, respectively,
where hPos and vPos are in relative projected picture sample units and may have non-integer real
values.

fan)

utputs of this process are:

— sphere coordinates (¢, 8) for the sample location in degrees relative to the coordinate|axes qpecified
in 5.1.

The sphere coordinates (¢, 8) for the luma sample location, in degrees, are given by the fpllowing
quations:

(0}

¢ = (0.5 - hPos + pictureWidth ) * 360
6 = (0.5 - vPos + pictureHeight ) * 180

Higure 6.1 illustrates the azimuth and elevation ranges of a mohoscopic projected picture ith the
gquirectangular projection.
90°
|
I
180°} ——————— T R— -180°
!
I
I
-90°

Figure 6.1 — Azimuth and elévation ranges of the monoscopic projected picture of the
equirectangular projection

=z

OTE1 Since an input to.this process is the centre point of a sample location and the width and height of the
hmple are non-zero, the output ¢ is never equal to -180° or 180° and the output 6 is never equal to —-90pP or 90°.

wn

=z

OTE2 The monescopic projected picture represents the inside surface of the unit sphere observed|from the
rigin of the coordimate system. Thus, the azimuth decreases from left to right.

o

4.1.3 Cubemap projection process

]

hputs-to this process are:

- PpictureWidth and pictureHeight, which are the width and height, respectively, of a mohoscopic
projected luma picture, in relative projected picture sample units, and

— thecentre point of a sample location (hPos, vPos) along the horizontal and vertical axes, respectively,
where hPos and vPos are in relative projected picture sample units and may have non-integer real
values.

Outputs of this process are:

— sphere coordinates (¢, 0) for the sample location in degrees relative to the coordinate axes specified
in 5.1.
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Figure 6.2 illustrates the cube face arrangement in the projected picture of the cubemap projection
format and the mapping of the cube faces onto the coordinate axes specified in 5.1, where PX, NX, PY, NY,
PZ, and NZ denote positive X, negative X, positive Y, negative Y, positive Z, and negative Z, respectively.

@ @ | NY Right
PY Left PX Front| @
[ [
z
@ %
: 2|
(@]
S 0 213
Z

Figuré 6.2 — Relation of the cube face arrangement of the projected picture to the sphere
coordinates

The values of pictureWidth and pictureHeight shall be such that pictureWidth is a multiple of 3,
pictureHeight is a multiple of 2, and pictureWidth / 3 is equal to pictureHeight / 2.

The sphere coordinates (¢, 8) for the luma sample location, in degrees, are given by the following
equations:

lw = pictureWidth / 3
lh = pictureHeight / 2
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tmpHorVal = hPos - Floor( hPos + 1w ) * lw
tmpVerVal = vPos - Floor( vPos +1h ) * Ih
hPos’ = -( 2 * tmpHorVal +lw ) + 1

vPos' = -(2 *tmpVerVal +1h ) + 1

w = Floor( hPos + 1w )

h= P]nnr( vPas =1h )

if(w==1&&h==0){// positive x front face
x=1.0
y =hPos’
z =vPos’

telseif(w==1&&h==1){// negative x back face

x=-1.0
y =-vPos’
z =-hPos’

telseif(w==2&&h==1){// positive z top face

x = -hPos’
y=-vPos’
z=1.0

}elseif(w==0&& h==1.){)// negative z bottom face

x = hPos’
y =-vPos’
z=-1.0

}elseif(w==0&&h==0){// positive y left face
xZ=hPos’
y=1.0

z=vPos’

TetseX 7/ tTw=—2&& r=="0), regativeyright face
x = hPos’
y=-1.0
z =vPos’

}

¢ =Atan2(y,x)*180 + 1

© ISO/IEC 2022 - All rights reserved 19


https://standardsiso.com/api/?name=37fd25715dc865e91f7660b833ab8326

ISO/IEC 23090-7:2022(E)

0= Asin(z+\/x2 +y2 +zz)*180+7c

6.2 Region-wise packing formats

6.2.1 List of packing formats

This clause specifies the inverse processes of the region-wise packing for remapping of a luma sample
location in a packed region onto a luma sample location of the corresponding projected region.

The invdrse region-wise packing processes specified in this document are identified by a 4-bit unsignefd

integer [value. Table 6.2 specifies the region-wise packing format identifier values and provides
referendes to the subclauses in which the respective inverse processes are specified.
Table 6.2 — Region-wise packing formats

Identifier value |Region-wise packing format Reference

0 Rectangular region-wise packing |6.2.2

1..15 Reserved N/A
6.2.2 Rectangular region-wise packing process
This clajise specifies the inverse of the rectangular region-wise gpacking process for remapping of p
luma sample location in a packed region onto a luma sample location of the corresponding projected

region.

Inputs t¢ this process are:

NOTE
in packed picture saniple units.

Outputs|of this-process are:

sample location (x, y) within the packed region, where x and y are in relative packed picture sample
units, while the sample location is at an integersample location within the packed picture,

picture sample units,

packed picture sample units,
trar{sform type (transformType), and

offspt values for the sampling position (offsetX, offsetY) in the range of 0, inclusive, to 1, exclusive,
in hprizontal and vettical relative packed picture sample units, respectively.

vidth and the height (projRegWidth, projRegHeight) of the projected region, in relative projectefd

width and the height (packedRegWidth, packedRegHeight) of the packed region, in relativie

offsetX and'offsetY both equal to 0.5 indicate a sampling position that is in the centre point of a samp]

[¢)

centre point of the sample location (hPos, vPos) within the projected region, where hPos and

vPos are in relative projected picture sample units and may have non-integer real values.

The outputs are derived as follows:

20

if(transformType = =0 | | transformType = =1 | | transformType == 2 | | transformType ==3) {

horRatio = projRegWidth + packedRegWidth
verRatio = projRegHeight + packedRegHeight
}else if ( transformType = = 4 | | transformType = =5 | | transformType==6| |

transformType==7) {
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horRatio = projRegWidth + packedRegHeight
verRatio = projRegHeight + packedRegWidth
}
if( transformType==0){
hPos = horRatio * ( x + offsetX )

vPos = verRatio * ( v+ ancpr)

} else if (transformType==1) {

hPos = horRatio * ( packedRegWidth - x - offsetX)

vPos = verRatio * (y + offsetY )
}else if ( transformType ==2) {

hPos = horRatio * ( packedRegWidth - x - offsetX )

vPos = verRatio * ( packedRegHeight - y - offsetY )
} else if ( transformType ==3) {

hPos = horRatio * ( x + offsetX )

vPos = verRatio * ( packedRegHeight - y - offsetY )
} else if ( transformType ==4) {

hPos = horRatio * ( y + offsetY )

vPos = verRatio * ( x + offsetX,)
} else if ( transformType = = 5){

hPos = horRatio * ( y +offsetY )

vPos = verRatio( packedRegWidth - x - offsetX)
} else if ( transfermType ==6) {

hPos="horRatio * ( packedRegHeight - y — offsetY )

vPos’= verRatio * ( packedRegWidth - x — offsetX)
telse if ( transformType ==7) {

hPos = horRatio * ( packedRegHeight - y - offsetY )

vPos=verRatio *{x+offsetX)

6.3 Sample location mapping process

6.3.1 Relation of decoded pictures to global coordinate axes

Figure 6.3 illustrates the conversions from a spherical picture to a packed picture that can be used in
content authoring and the corresponding conversions from a packed picture to a spherical picture to
be rendered that can be used in an OMAF player. The example in this clause is described for a packed
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picture that appears in a projected omnidirectional video track. Similar description can be derived for
an image item.

A B I I
_____ -] | |
R | 11 2 13
11 2 13 ! |
_____ I
a) Unit sphere aligned  b) Unit sphere aligned ¢) Projected picture d) Packed pictute
with global coordinate  with local coordinate on which regions for
axes axes region-wise packing are
specified
Key
A globpl coordinate axes

B loca

Figure

The con

— The
the

— The
The
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sph
indi
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in 6
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coordinate axes

b.3 — Example of processing stages to derive a packed picture from a spherical image or
vice versa
ent authoring can include the following ordered steps:

source images provided as input are stitched to generate a sphere picture on the unit sphere pq
blobal coordinate axes as indicated in Figure 6:8 a).

—

unit sphere is then rotated relative to the global coordinate axes, as indicated in Figure 6.3 b).
amount of rotation to convert from the-ocal coordinate axes to the global coordinate axes i
rified by the rotation angles indicated'in the RotationBox. The local coordinate axes of the un
ere are the axes of the coordinate system that has been rotated. The absence of RotationBo
cates that the local coordinate axes are the same as the global coordinate axes.

-+

B

lustrated in Figure 6.3 c){ the spherical picture on the rotated unit sphere is then converted tp
fo-dimensional projected/picture, for example, using the equirectangular projection specified
1.1. When spatial packing of stereoscopic content is applied, two spherical pictures for the twp
Vs are converted.to two constituent pictures, after which frame packing is applied to pack thie
constituent pietires to one projected picture.

fangular region-wise packing can be applied to obtain a packed picture from the projecte
ure. One‘example of packing is depicted in Figure 6.3 c) and Figure 6.3 d). The dashed rectanglé
igure-6:3 c) indicate the projected regions on a projected picture, and the respective areas i
re/6.3 d) indicate the corresponding packed regions. In this example, projected regions 1 and

wWeo wn

are

horizontally downsampled, while projected region 2 is kept at its original resolution.

CoverageInformationBox can be used to indicate which part of the sphere is covered by the packed

picture.

In order
in rende

to map sample locations of a packed picture (such as that in Figure 6.3 d)) to a unit sphere used
ring (Figure 6.3 a)), the OMAF player can perform the following ordered steps:

— A packed picture, such as that in Figure 6.3 d), is obtained as a result of decoding a picture from a
video track or an image item.

— Ifneeded, chroma sample arrays of the packed picture are upsampled to the resolution of the luma
sample array of the packed picture, and colour space conversion can also be performed.

22
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— If region-wise packing is indicated, the sample locations of the packed picture are converted to

sample locations of the respective projected picture, such as that in Figure 6.3 c), as spe
6.2.2. Otherwise, the projected picture is identical to the packed picture.

— If spatial frame packing of the projected picture is indicated, the sample locations of the p
picture are converted to sample locations of the respective constituent picture of the p

cified in

rojected
rojected

picture, as specified in 6.3.3. Otherwise, the constituent picture of the projected picture is identical

to the projected picture.

— The sample locations of a constituent picture the projected picture are converted to sphere

coordinates thatare relative to local coordinate axes, as specified for the omnidirectionalpr
format being used in 6.5.1. The resulting sample locations correspond to a sphere pictuke

in in Figure 6.3b.

—+ Ifrotation is indicated, the sphere coordinates relative to the local coordinate ages$ are cony
sphere coordinates relative to the global coordinate axes as specified in 5.2-0therwise, t}
coordinate axes are identical to the local coordinate axes.

Hor projected omnidirectional video, the overall process for mapping of \turia sample location
a decoded picture to sphere coordinates relative to the global coordinate‘axes is normatively 3
ih 6.3.2.

Hor fisheye omnidirectional video, the process for mapping of luma sample locations within 4
drea with a decoded picture to sphere coordinates relative tathé global coordinate axes is nor
specified in 6.3.4.

(@1

.3.2 Mapping of luma sample locations within a.decoded picture to sphere coordinates
relative to the global coordinate axes

—

his clause specifies the semantics of luma sample locations within a decoded picture tg

- For video, the decoded picture is theidecoding output resulting from a sample of the video

- For an image item, the decoded picture is a reconstructed image of the image item.

dffsetX is set equal to 0.5 and effsetY is set equal to 0.5.

]

F RegionWisePackingFlag is’equal to 1, the following applies for each packed region n in the r4g
b NumRegions - 1, inelusive:

—

- For each sample-location (xPackedPicture, yPackedPicture) belonging to the n-th packe

— Theycorresponding sample location (xProjPicture, yProjPicture) of the projected p
derived as follows:

— Xxis set equal to xPackedPicture - PackedRegLeft[n].

ojection
Hepicted

erted to
le global

s within
pecified

n active
matively

sphere

doordinates relative to the global coordinatelaxes. The decoded picture may be of any of the following:

track.

nge of 0

1 region

with PackingFype[n] equal to O (i.e. with rectangular region-wise packing), the following ajpplies:

cture is

— JYyissetequal to yPackedPicture - PackedReglop[n].

— 6.2.2 is invoked with x, y, PackedRegWidth[n], PackedRegHeight[n], ProjRegWidth[n],
ProjRegHeight[n], TransformType[n], offsetX, and offsetY as inputs, and the output is

assigned to sample location (hPos, vPos).
— xProjPicture is set equal to ProjRegLeft[n] + hPos.

— When SideBySideFlag is equal to 0, and when xProjPicture is greater than or equal
picture width, XProjPicture is set equal to xProjPicture — proj picture width.
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Otherwi
within t

— When SideBySideFlag is equal to 1, the following applies:

— When ProjRegLeft[n] is less than proj picture width / 2 and xProjPicture is greater
thanorequaltoproj picture width/2,xProjPictureissetequaltoxProjPicture-proj
picture width /2.

— When ProjRegLleft[n] is greater than or equal to proj picture width / 2 and
xProjPicture is greater than or equal to proj picture width, XxProjPicture is set equal
to xProjPicture — proj picture width /2.

xPr
yPr

6.3.]
as il

— yProjPicture 1s set equal to ProjReglop[n] + vPos.

(s

6.3.3 isinvoked with xProjPicture, yProjPicture, ConstituentPicWidth, and ConstituentPjicHeigh
as inputs, and the outputs indicating the sphere coordinates and the constituent/framle
index (for frame-packed stereoscopic video) for the luma sample location (xPaekedPictur¢,
yPackedPicture) belonging to the n-th packed region in the decoded picture.

se (RegionWisePackingFlag is equal to 0), the following applies for each safiple location (x, )
he decoded picture:

Nt

pjPicture is set equal to x + offsetX.

bjPicture is set equal to y + offsetY.

(s

B is invoked with xProjPicture, yProjPicture, ConstituentPieWidth, and ConstituentPicHeigh
puts, and the outputs indicating the sphere coordinatesyand the constituent frame index (fd

—

frame-packed stereoscopic video) for the sample location (¥, y) within the decoded picture.

6.3.3 [onversion from a sample location in a projected picture to sphere coordinates relative

to the global coordinate axes

Inputs tf this process are

— the fentre point of a sample location (xPrpjPRicture, yProjPicture) within a projected picture, where
xProjPicture and yProjPicture are in-ré€lative projected picture sample units and may have nor}-
integer real values, and

— pictpreWidth and pictureHeight;'which are the width and height, respectively, of a monoscopic
projected luma picture, in relative projected picture sample units.
NOTIE The projected picture for which the sample location (xProjPicture, yProjPicture) is given as inpuyt
can pe a spatially framexpacked picture.

Outputs|of this process.are:

— sphere coordinates (azimuthGlobal, elevationGlobal), in units of degrees relative to the global
coordinatesaxés, and

whd

nSpatiallyPackedStereoFlagisequalto 1,theindexofthe constituentpicture (constituentPicturg)

bl +0 0~ 1

equ

o1 cto U o1

The outputs are derived with the following ordered steps:

— If xProjPicture is greater than or equal to pictureWidth or yProjPicture is greater than or equal to

24

pict

ureHeight, the following applies:
constituentPicture is set equal to 1.

If xProjPicture is greater than or equal to pictureWidth, xProjPicture is set to
xProjPicture - pictureWidth.
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— If yProjPicture is greater than or equal to pictureHeight, yProjPicture is set to
yProjPicture - pictureHeight.

Otherwise, constituentPicture is set equal to 0.
Depending on the projection format, the following applies:

— When the projection format is the equirectangular projection, 6.1.2 is invoked with
pictureWidth, pictureHeight, xProjPicture, and yProjPicture as inputs, and the output is
assigned to azimuthLocal, elevationLocal.

6

I

(an)

T

.3.4 Conversion from a sample location of an active area in‘a fisheye decoded picture t
sphere coordinates relative to the global coordinate axes

hputs to this process are:

utputs ef this process are:

— When the projection format is the cubemap projection, 6.1.3 is invoked with pictireWidth,
pictureHeight, xProjPicture, and yProjPicture as inputs, and the output is asSsigned to
azimuthLocal, elevantionLocal.

If RotationFlag is equal to 1, 5.2 is invoked with azimuthLocal, elevantionLocalyxétation yaw + 216,
rotation pitch+216,and rotation roll+21®asinputs,and the outputis assigned to azimufhGlobal
and elevationGlobal.

Otherwise, azimuthGlobal is set equal to azimuthLocal and elévationGlobal is set ¢qual to
elevationLocal.

-

the sample location (x, y) in units of luma samples;

the centre location (x,, y.) and the radius () of the circular region that contains the i-th active
area, given by circular image centre x,&ircular image centre y, and circular image| radius,
respectively, all in units of 216 luma samples,

the field of view (6,) of the lens corresponding to the i-th active area, given by field of|view, in
units of 2716 degrees,

the rotation parameters (., B. V., given by camera centre azimuth, camera centre elpvation,
and camera centre tilt.respectively, all in units of 2-16 degrees,

the lens projection type of the lens corresponding to the i-th active area given by 1ens projection
type, and

the number_6f)polynomial coefficients numCoeffs and the polynomial coefficients coeffVpl of the
i-th active-area, given by num polynomial coeffs and polynomial coeff, respectively.

sphiere coordinates (¢, 6) relative to the global coordinate axes.

he“methaod of converting a camp]n location of an active area to cphnrn coordinates is determined as

follows:

— IfnumCoeffs is equal to 0, there is only one method of converting a sample location of an active area

to sphere coordinates that is specified, which is to not use polynomial coefficients.

Otherwise (numCoeffs is not equal to 0), there are two methods of converting a sample location of
an active area to sphere coordinates that are specified, which are to not use polynomial coefficients
or to use polynomial coefficients. The method using polynomial coefficients is preferred, as this
method is intended to provide a more precise model of the fisheye characteristics. However, the
other method may also be appropriate for some uses, as it provides a single conversion process that
can be used regardless of whether numCoeffs is equal to 0 or not. This document does not prescribe
which of the two methods is to be used in this case.
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The outputs are derived as follows:
— If polynomial coefficients are not used and
if lens projection type equal to 0, the angle ¢’ is derived by
¢' = (Sart( (x-x,+216)2+ (y -y, + 216)2) + (r,+ 216)) * (6, + 216 * 1+ 180 ) + 2
if lens projection_type equal to 1, the angle ¢’ is derived by

rTh':Afnn(Qn‘H'((y—yLé716)2+(\/—\/Lé716)2)4(rbé716))*(ﬁ 4716*‘”;190)47

\4

if 1dns projection type equal to 2, the angle ¢' is derived by

@' = Atan( Sqrt( (x-x.+210)2 + (y -y, +216)2) = (r . +216))* (6, + 216 * 1+ 180 )

if 1dns projection type equal to 3, the angle ¢’ is derived by

@' =Asin(Sqrt( (x-x.+216)2+ (y-y.+210)2) = (r +216))* (6, + 216 * 1 }[5:180) + 2
if 1dns projection_type equal to 4, the angle ¢’ is derived by

@' = Asin(Sqrt( (x-x,+216)2+ (y -y, +216)2) + (r.+216) ) * (@,+216* 1t + 180)

— Othprwise (polynomial coefficients are used), the angle ¢' is derived by

numCoeffs—1
DY ((coeffVal[j]*2724) * (Sqrt( (x-x * 2718 J¥+ (y -y *2710)2) + (r * 271€) )

The out])utsjz;l?e then derived as follows:
0" 4 Atan2(y -y, + 216, x - x_ + 216)
x, 9 Cos( ¢')
¥19Sin(¢')* Cos(6')

z,4Sin(¢') *Sin( @)

a=|a.+216)*m7+180

B=[B.+216)*m+180

y=[y.+216)*m + 180

x,9 Cos(B)* Cos{ * x, - Cos(B) * Sin(y) *; + Sin(B) * z4
Y24 (Cos(adySin(y) +Sin(a) *Sin(f) * Cos(y) ) *x; +
(Costar) * Cos(y) - Sin(a) *Sin(f) *Sin(y) ) *y; -
SiA(a) * Cos(B) * z,

z,=(Sin(a)*Sin(y) - Cos(a) *Sin(B)*Cos(y)) *x; +
(Sin(a)*Cos(y) + Cos(a) *Sin(B)*Sin(y)) *y; +
Cos(a) *Cos(pB) *z;

¢ =Atan2(y,,x,) *180 +

0=Asin(z,)*180 +m
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6.4 Fisheye omnidirectional video

Without the projection and region-wise packing processes specified in 6.1 and 6.2, multiple
images captured by fisheye cameras may be directly projected onto a picture, which consists o
omnidirectional video. In an OMAF player, the decoded fisheye omnidirectional video may be

circular
f fisheye
stitched

and rendered according to the user's intended viewport using the signalled fisheye video parameters,

including:

— region information of circular images in the coded picture,

— field of view and camera parameters of fisheye lens,

- lens distortion correction (LDC) parameters with local variation of FOV, and

- lens shading compensation (LSC) parameters with RGB gains.
6.5 Video and image metadata data structures

4.5.1 Projection format structure - Syntax

dligned (8) class ProjectionFormatStruct () {
bit (3) reserved = 0;
unsigned int(5) projection type;

4.5.2 Region-wise packing structure

4.5.2.1 Definition

regions and specifies the location and size of the guard bands, if any.

NOTE Among other information, the RegionWisePackingStruct also provides the content
nformation in the 2D Cartesian picture domain.

—

A decoded picture in the semanties of this clause is either one of the following depending
dontainer for this syntax structure:

— For video, the decoded picture is the decoding output resulting from a sample of the video

- For an image item; the decoded picture is a reconstructed image of the image item.

—

he content of RégtonwisePackingstruct is informatively summarized below, while the ng
semantics follow subsequently in this clause:

+ The width and height of the projected picture are explicitly signalled with proj picture w
progapicture height, respectively.

—+~ The width and height of the packed picture are explicitly signalled with packed picture w

RegionWisePackingStruct specifies the mappingbetween packed regions and the respective projected

coverage

r on the

track.

rmative

| dth and

| dth and

packed I‘\"\ cture height T'PQpP(‘fi\lP]y

— When the projected picture is stereoscopic and has the top-bottom or side-by-side frame
arrangement, constituent picture matching flag equal to 1 specifies that

packing

— theprojectedregioninformation, packed regioninformation,and guard band region information

in this syntax structure apply individually to each constituent picture,

— the packed picture and the projected picture have the same stereoscopic frame packing format,

and
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the number of projected regions and packed regions is double of that indicated by the value of
num_regions in the syntax structure.

— RegionWisePackingStruct contains a loop, in which a loop entry corresponds to the respective
projected regions and packed regions in both constituent pictures (when constituent picture
matching flag equal to 1) or to a projected region and the respective packed region (when
constituent picture matching flag equal to 0), and the loop entry the contains the following:

The cortent of the rectangular region packing structure RectRegionPacking (i) is informatively
summailized below, while the normative semantics follow subsequently in this clatise:

— pro)] reg width[i], proj reg height[i], proj reg topl[i], and proj &g left[i] specify thie

wid

— trafsform type[i] specifies the rotation and mirroring, if any, that'are applied to the i-th packe
region to remap it to the i-th projected region.

— pac

the

The con
normati

— left gb width[i], right gb width([i], top_gb" height[i], Or bottom gb height[i] specify the

gua

region.

— gb fot used for pred flag[i] indicates if the encoding was constrained in a manner that guard

ban

— gb_typelil [j] specifies the-type of the guard bands for the i-th packed region.

Figure §.4 illustrates an example of the position and size of a projected region within a projected picture

(on the

right side). This example,applies when the value of constituent picture matching flag is equalto 0.

28

a flag indicating the presence of guard bands for the packed region,

The packing type (NOwWever, only rectangular reglon-wise packing 1s speciiied 1n this document),

the mapping between a projected region and the respective packed region in the rectangula
region packing structure RectRegionPacking (i),

—

when guard bands are present, the guard band structure for the packed region gue¥dBand (i)

Lh, height, top offset, and left offset, respectively, of the i-th projected-region.

jom

ted reg width[i],packed reg height[i],packed reg.topli], and packed reg left([i] specify
width, height, the top offset, and the left offset, respectively, of the i-th packed region.

fent of the guard band structure GuardBand (i)js\informatively summarized below, while the
ve semantics follow subsequently in this clause:

d band size on the left side of, the righit'side of, above, or below, respectively, the i-th packefd

v

s are not used as a reference.in the inter prediction process.

eft side) as well.as.that of a packed region within a packed picture with guard bands (on the
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ey

proj_reg_left[i]
proj_reg_topl[i]
proj_reg_height[i]
proj_picture_height
proj_reg_width[i]
proj_picture_width
packed_reg left[i]
packed_reg_topli]
packed_reg_height[i]
packed_reg_width[i]
top_gb_height([i]
right_gb_width[i]
bottom_gb_height[i]
left_gb_width][i]
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Figure 6.4 — Projected region and the corresponding packed region with guard bands

This clause is organized as follows:

¥
Q
=
Q.

1+ The syntaxiand semantics of the rectangular region packing structure are specified in 6.3.2.
6.6.2.2,xré&spectively.

—+ The-syntax and semantics of the guard band structure are specified in 6.5.2.3 and| 6.6.2.3,
respectively.

L _~“The cynt‘av and semantics ofthe rnginn-urico par‘l{ing structure are cpnrifinr‘] in6524and6.6.2.4,

respectively.

— 6.6.2.5 derives variables from syntax element values of the rectangular region packing, guard band,
region-wise packing structures. 6.6.2.5 also uses the variables to specify constraints for the syntax
element values. The variables are also used in other clauses.

6.5.2.2 Syntax of the rectangular region packing structure

aligned(8) class RectRegionPacking (i) {
unsigned int (32) proj reg width[i];
proj reg height[i];

unsigned int (32)
unsigned int(32) proj reg top[i];
unsigned int (32) proj reg left[i];
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unsigned int (3) transform typel[i];
bit (5) reserved = 0;

unsigned int (16) packed reg width[i];
unsigned int (16) packed reg height[i];
unsigned int (16) packed reg top[i];
unsigned int (16) packed reg left[i];

}

6.5.2.3 Syntax of the guard band structure

aligned(8) class GuardBand(i) {
unsigned int (8) left gb width[i];

unsipned int(8) right gb width[i];

unsipned int (8) top gb height[i];

unsipned int(8) bottom gb height[i];

unsipned int (1) gb not used for pred flagl[i];

for |(7 = 0; J < 4; J++)
hsigned int (3) gb typel[i][j];
B) reserved = 0;

—~ C

bit
}

6.5.2.4 | Syntax of the region-wise packing structure

aligned|(8) class RegionWisePackingStruct () {
unsipned int (1) constituent picture matching flag;
bit (JJ]) reserved = 0;
unsipned int(8) num regions;

unsipned int (32) proj picture width;
unsipned int(32) proj picture height;
unsipned int (16) packed picture width;
unsipned int (16) packed picture height;
for |(1 = 0; 1 < num regions; i++) {

it (3) reserved = 0;

hsigned int (1) guard band flag[i];
hsigned int (4) packing type[i];
f (packing_type[i] == 0) {
RectRegionPacking (i) ;
if (guard band flag[i])
GuardBand (i) ;

H- o o O

}
6.5.3 Fisheye omnidirectional video structure

6.5.3.1 | Syntax of the fisheye video essential information structure

aligned|(8) class FisheyeVideoEssentialInfoStruct () {
unsipned int(3) view)dimension idc;
bit (Rl) reservedy,s,0;

unsipned int (8)\num circular images;
for |(i=0; i<r¥m circular images; i++) {
uhsigned\iat (32) circular image centre x;
uhsigneds int (32) circular image centre y;
uhs¥gned int(32) rect region top;
uhsfgned int (32) rect region left;
unMsIgned INt(32) TeCt_region _wWidti;

)

)

)

unsigned int (32) rect region height;
unsigned int(32) circular image radius;
unsigned int (32) scene radius;
signed int (32) camera centre azimuth;
signed int (32) camera centre elevation;
signed int(32) camera centre tilt;
unsigned int (32) camera centre offset x;
unsigned int (32) camera centre offset y;
unsigned int (32) camera centre offset z;
unsigned int (32) field of view;
bit (16) reserved = 0;
unsigned int (16) num polynomial coeffs;
for (3=0; Jj< num polynomial coeffs; Jj++)
signed int(32) polynomial coeff;
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}
6.5.3.2 Syntax of the fisheye video supplemental information structure

aligned(8) class FisheyeVideoSupplementalInfoStruct (container box version)
unsigned int(8) num circular images;
bit (19) reserved = 0;
unsigned int (l) entrance pupil flag;
unsigned int (1) flip info flag;

unsigned int (1) local fov flag;

{

)

unsigned int (1) camera intrinsic flag;
)
)

unsigned int (1) deadzone flag;
for (i=0; i<num circular images; i++) {
if (container box version > 0) {
unsigned int (4) lens projection type;
bit (4) reserved = 0;
}
if (entrance pupil flag == ) |
unsigned int (16) num ep coeffs;
for (3j=0; j<num ep coeffs; j++)
signed int (32) ep coeff;
}
if (flip info flag == 1) {
bit (30) reserved = 0;
unsigned int(2) image flip;
}
if (camera intrinsic flag == 1) {
unsigned int (32) image scale axis angle;
unsigned int (32) image scale x;
unsigned int (32) image scale y;
bit (16) reserved = 0;
unsigned int (16) num polynomial cogfs lsc;
for (3=0; j<num polynomial coefgNIsc; j++) {
signed int (32) polynomial_coef k lsc r;
signed int (32) polynomialscoef k lsc_g;
signed int (32) polynomigl coef k lsc b;
}
}
if (local fov flag == 1) 4
unsigned int (16) ntunnangle for displaying fov;
bit (16) reserved =0;
for (3=0; j<numgangle for displaying fov; j++) {
unsigned ind(32) displayed fov;
unsigned\int (32) overlapped fov;
}
bit (16) feserved = 0;
unsignéadyint (16) num local fov region;
for (3:=0; j<num local fov region; J++) {
yrsigned int (32) start radius;
unsigned int(32) end radius;
signed int (32) start angle;
signed int (32) end angle;
unsigned int (32) radius delta;
signed int (32) angle delta;
for (rad=start radius; rad<=end radius; rad+=radius delta)

for (ang=start angle: ang<= end angle: angt=angle delta)

unsigned inE(32) local_fov_wgight;

}
}
if (deadzone flag == 1) {
bit (24) reserved = 0;
unsigned int (8) num deadzones;
for (j=0; j<num deadzones; Jj++) {
unsigned int (16) deadzone left horizontal offset;
unsigned int (16) deadzone top vertical offset;
unsigned int (16) deadzone width;
unsigned int (16) deadzone height;
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}

6.6 Video and image metadata semantics

6.6.1

project

Projection format structure - Semantics

ion_type indicates the type of the mapping of the projected picture onto the spherical

coordinate system as specified in 5.1. The values of projection type and their semantics are specified
in Table 6.1.

6.6.2

6.6.2.1
This sub

6.6.2.2

proj re
wid
the
con
1).d
1n r¢

Twa
indi
the
the

transfo
to 1
mir
tos

Region-wise packing structure

General

clause specifies information about region-wise packing structure.

Semantics of the rectangular region packing structure

j width[i], proj reg height[i], proj reg top[i], and proj feg left[i] specify thie
th, height, top offset, and left offset, respectively, of the i-th prdjected region, either withip
projected picture (when constituent picture matching flagX 15 equal to 0) or within thie
stituent picture of the projected picture (when constituent gicture matching flag isequal tp
roj reg width[i],proj reg height[i], proj reg top[i] and proj reg left[i] are indicated
lative projected picture sample units.

projected regions may partially or entirely oveflap with each other. When there is a
cation of quality difference, for example, by a regioh-wise quality ranking indication, then fqg
bverlapping area of any two overlapping projected regions, the packed region corresponding t
projected region that is indicated to have higher quality should be used for rendering.

O = =

m type[i] specifies the rotation and¢(mirroring that is applied to the i-th packed regio
emap it to the i-th projected region. When transform type(i] specifies both rotation an
roring, rotation is applied before mirroring for converting sample locations of a packed regio
hmple locations of a projected region. The following values are specified:

===

no transform

mirroring horizontally

rotation by 180 degrees (counter-clockwise)

rotation by 180.degrees (counter-clockwise) before mirroring horizontally
rotationdby'90 degrees (counter-clockwise) before mirroring horizontally

rotation by 90 degrees (counter-clockwise)

rotation hy 270 dngrnnc (r‘nnnhnr-r‘]nr‘ln/\ricp) before mirrnring hnri7nnf:ﬂ]y

0
1
2
3
4:
5
6
7

rotation by 270 degrees (counter-clockwise)

NOTE 1 6.2.2 specifies the semantics of transform type[i] for converting a sample location of
a packed region in a packed picture to a sample location of a projected region in a projected picture.

packed reg width[i], packed reg height[i],packed reg top[il,and packed reg left[i] specify the
width, height, the offset, and the left offset, respectively, of the i-th packed region, either within

the

packed picture (when constituent picture matching flag is equal to 0) or within each

constituent picture of the packed picture (when constituent picture matching flag is equal to
1). packed reg width[i], packed reg height[i], packed reg topl[i], and packed reg left[i] are

indi

32

cated in relative packed picture sample units. packed reg width[i], packed reg height[i],
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packed reg top[il, and packed reg left[i] shall represent integer horizontal and vertical
coordinates of luma sample units within the decoded pictures.

NOTE 2  Two packed regions can partially or entirely overlap with each other.

6.6.2.3 Semantics of the guard band structure

left _gb width[i] specifies the width of the guard band on the left side of the i-th packed region in
relative packed picture sample units. When the decoded picture has 4:2:0 or 4:2:2 chroma format,

left ob width il shall r‘m‘rr—\cpnnd to an even number of luma cnmplpc within the decode picture.

lox

fight gb width[i] specifies the width of the guard band on the right side of the i-th packediegion in
relative packed picture sample units. When the decoded picture has 4:2:0 or 4:2:2 ¢hromd format,
right gb width[i] shall correspond to an even number of luma samples within the decoded
picture.

tlop_gb_height[i] specifies the height of the guard band above the i-th packed.réegion in relative packed
picture sample units. When the decoded picture has 4:2:0 chroma format/top_gb height[i] shall
correspond to an even number of luma samples within the decoded picture.

ottom gb height[i] specifies the height of the guard band below ‘the i-th packed region in|relative
packed picture sample units. When the decoded picture has-4:2:0 chroma format, botftom gb
height [i] shall correspond to an even number of luma samples within the decoded pictur¢.

When GuardBand(i) is present, at least one of 1leftigh width[i], right gb width[i], [top gb
height[i], Or bottom gb height[i] shall be greater than 0.

do_not used for pred flag[i] equal to O specifies that the guard bands may or may not be used in
the inter prediction process. gb_not used fo@\pred flagli] equal to 1 specifies that the sample
values of the guard bands are not used in the inter prediction process.

NOTE1 When gb not used for pred\flag[i] is equal to 1, the sample values within guard|bands in
decoded pictures can be rewritten even(if the decoded pictures were used as references for inter pyediction
of subsequent pictures to be decoded. For example, the content of a packed region can be sgamlessly
expanded to its guard band with décoded and re-projected samples of another packed region.

do_typelil [j] specifies the type of the guard bands for the i-th packed region as follows, with j equal
to 0, 1, 2, or 3 indicating:that the semantics below apply to the left, right, top, or bottqm edge,
respectively, of the packed region:

gb_type[i]ipequalto 0 specifies that the content of the guard bands in relation to thg content
of the packed regions is unspecified. When gb_not used for pred flag(i] is equal fo 0, gb_
type [i4 134 shall not be equal to 0.

gb_®ype[i] [7] equal to 1 specifies that the content of the guard bands suffices for interjpolation
ef.sub-pixel values within the packed region and less than one pixel outside of the boupdary of
the packed region.

NOTE 2 gb typeli] [j] equal to 1 can be used when the boundary samples of a pack¢d region

have been copied horizontally or vertically to the guard band.

gb_typel[i] [7] equalto 2 specifies that the content of the guard bands represents actual picture
content that is spherically adjacent to the content in the packed region and is on the surface
of the packed region at quality that gradually changes from the picture quality of the packed
region to that of the spherically adjacent packed region.

gb_typel[i] [§] equal to 3 specifies that the content of the guard bands represents actual picture
content that is spherically adjacent to the content in the packed region and is on the surface of
the packed region at the picture quality of the packed region.

gb_type[i] [§] values greater than 3 are reserved.
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6.6.2.4 Semantics of the region-wise packing structure

constituent picture matching flag equalto 1 specifies thatthe projected region information, packed
region information, and guard band region information in this syntax structure apply individually
to each constituent picture and that the packed picture and the projected picture have the same
stereoscopic frame packing format. constituent picture matching flag equalto O specifies that
the projected region information, packed region information, and guard band region information
in this syntax structure apply to the projected picture. When SpatiallyPackedStereoFlag is equal to
0, constituent picture matching flag shall be equal to 0.

ot

NOT[E1 For the stereoscopic content that uses equivalent region-wise packing for the constituer
pictures, setting this flag equal to 1 allows more compact signalling of region-wise packing information|

num_reglions specifies the number of packed regions when constituent picture matchidg .flag i
equpl to 0. Value 0 is reserved. When constituent picture matching flag is equal tol, the tot]
nunpber of packed regions is equal to 2 * num regions and the information in RectRegi-onPacking (i
and|GuardBand (i) applies to each constituent picture of the projected pictur€’and the packe
pictpre.

— W

T

proj pifture width and proj picture height specify the width and heighty respectively, of the
projected picture, in relative projected picture sample units. proj.pikture width and proj|
picture height shall both be greater than 0.

NOTE2  The same sampling grid, width, and height are used for the luma sample array and the chrom
sample arrays of the projected picture.

<)

packed picture width and packed picture height specify ithe width and height, respectively, qf
the [packed picture, in relative packed picture sample tnits. packed picture width and packed
picture height shall both be greater than 0.

guard bknd flag[i] equal to O specifies that the i-thipacked region has no guard bands. guard band
fla¢[i] equalto 1 specifies that the i-th packedTegion has at least one guard band.

packing| type[i] specifies the type of region-wise packing. The values of packing type(i] and their
semfantics are specified in Table 6.2.

RectReglionPacking (i) specifies the region-wise packing between the i-th packed region and the i-th
projected region. The syntax and‘semantics of RectRegionPacking (i) are specified in 6.5.2.2 and

6.6.P2.2, respectively.

GuardBahd (i) specifies the (guard bands for the i-th packed region. The syntax and semantics of
GuafdBand (i) are specified in 6.5.2.3 and 6.6.2.3, respectively.

6.6.2.5 | Derivationofregion-wise packing variables and constraints for the syntax elements of
the region-wise packing structure

i-th packed region as spec1f1ed by thls ReglonWlsePacklngStruct shall not overlap w1th any guard band
specified by the same rRegionWisePackingStruct.

The guard bands associated with the i-th packed region, if any, as specified by this
RegionWisePackingStruct shall not overlap with any packed region specified by the same
RegionWisePackingStruct or any other guard bands specified by the same RegionWisePackingStruct.

Projected regions may overlap. When projected regions overlap and a quality difference is
indicated between the projected regions, for example, by a region-wise quality ranking indication, the
packed region that is indicated to have the highest quality among the packed regions corresponding to
the projected regions that overlap should be used for rendering the overlapping area.
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variables NumRegions, PackedRegLeft[n], PackedRegTop[n], PackedRegWidth[n],
PackedRegHeight[n], ProjRegLeft[n], ProjRegTop[n], ProjRegWidth|n], ProjRegHeight[n],
TrasnformType[n], PackingType[n] are derived as follows:

— Forninthe range of 0 to num regions — 1, inclusive, the following applies:

PackedRegLeft[n] is set equal to packed reg left[n].

PackedRegTop[n] is set equal to packed reg topIin].

PackedRegWidthintissetequattopacked—Teg—widcirtm=
PackedRegHeight[n] is set equal to packed reg height[n].
ProjRegLeft[n] is set equal to proj reg left[n].
ProjRegTop[n] is set equal to proj reg top(n].
ProjRegWidth[n] is set equal to proj reg width[n].
ProjRegHeight[n] is set equal to proj reg height[n].
TransformType[n] is set equal to transform type[n].

PackingType[n] is set equal to packing type[n].

4+ Ifconstituent picture matching flag is equal to 0,thefollowing applies:

NumRegions is set equal to num_regions.

-+ Otherwise (constituentipictureimatchingAflag is equal to 1), the following applies:

NumRegions is set equal to 2 * num .negions.
When TopBottomFlag is equal ta 1, the following applies:
— projLeftOffset and packédLeftOffset are both set equal to 0.

— projTopOffset is set equal to proj picture height / 2 and packedTopOffset is set
packed picturésheight / 2.

When SideBySideFlag is equal to 1, the following applies:

— projLeftOffset is set equal to proj picture width / 2 and packedLeftOffset is set
pacKed picture width /2.

— «projTopOffset and packedTopOffset are both set equal to 0.
For n in the range of NumRegions / 2 to NumRegions - 1, inclusive, the following appli

— nldx is set equal to n - NumRegions / 2.

equal to

equal to

— PackedRegLeft[n] is set equal to packed reg left[nldx] + packedLeftOffset.
— PackedRegTop|[n] is set equal to packed reg top[nldx] + packedTopOffset.
— PackedRegWidth[n] is set equal to packed reg width[nldx].

— PackedRegHeight[n] is set equal to packed reg height [nldx].

— ProjRegLeft[n] is set equal to proj reg left[nldx] + projLeftOffset.

— ProjRegTop[n] is set equal to proj reg top[nldx] + projTopOffset.

— ProjRegWidth[n] is set equal to proj reg width[nldx].
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