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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
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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 goal of this document is to allow reuse of the commonly defined metadata to be referenced by other

standards.

The International Organization for Standardization (ISO) and the International Electfotéchnical
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Information technology — Coded representation of
immersive media —

Part 7:
Immersive media metadata

1

This focument specifies common immersive media metadata focusing on immersive vide
360°videos) and images.

2
The

consfitutes requirements of this document. For dated references) 'only the edition cited
undafed references, the latest edition of the referenced document (including any amendme

1SO/1
formqt

ISO/IEC 23008-12, Information technology — High efficiency coding and media delivery in h
envirpnments — Part 12: Image file format

3

3.1

For

[SO/IEC 23008-12 and the follewing apply.

ISO apd [EC maintain terminology databases for use in standardization at the following ad

3.11

azimuth
firs%%ﬂmﬁnmﬁﬂ%ﬁmmmm

Ycope

l]l@ormative references

llowing documents are referred to in the text in such a way‘that some or all of

Terms, definitions and symbols

Terms and definitions

the purposes of this document, the terms and definitions given in ISO/IEC 14

IF0 Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at https://www.electropedia.org/

bs (including

heir content
applies. For
nts) applies.

EC 14496-12, Information technology — Coding of audio=visual objects — Part 12: ISO bgse media file

pterogeneous

496-12 and

dresses:

3.1.2
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
elevation
second of th¢ two sphere coordinates (3.1.22) describing the location of a point on the sphere

3.1.7
elevation cipcle
circle on the[sphere connecting all points with the same elevation (3.1.6) value

Note 1 to entfy: When the elevation is zero, an elevation circle is also a great circle (3.1:12). This coincide$ with
the equator oh Earth.

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

<

3.1.9

fisheye lens
wide-angle ¢amera lens that usually captures an approximately hemispherical field of view (3.1.4) and
projects it a§ a circular image (3.1.3)

3.1.10
fisheye vidgo
video captuiled by fisheye lenses (3.1.9)

3.1.11
global coorglinate axes
coordinate gxes that are associated with audio, video, and images representing the same acquifition
position and|intended to be rendered-together

3.1.12
great circle
intersection|of the spheretand a plane that passes through the centre point of the sphere

Note 1 to entyly: A greatircle is also known as an orthodrome or Riemannian circle.

Note 2 to entify: 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

packnd rnginn
regiop in a packed picture (3.1.16) that is mapped to a projected region (3.1.19) as specified By the region-
wise packing (3.1.21) signalling

b) projection

y the region-

] to a set of
here

) of a packed

nere

s (3.1.2) and
n amount of

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

3.1.28
viewport

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

3.2 Symb

+

xJ

< |

y
Zf(i)

x%y

Asin(x)

Atan( x)

pls

Addition.
Subtraction (as a two-argument operator) or negation (as a unary prefix operator).

Multiplication, including matrix multiplication.

superscripting not intended for interpretation as'exponentiation.

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

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

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 withx>=0 a
y>0.

The trigonometric inverse sine function, operating on an argument x that is in the r3
of =k0to 1.0, inclusive, with an output value in the range of -m+2 to m+2, inclusive, i
units of radians.

Used to denote division in mathematical equations where no truncation or rounding i

Exponentiation. Specifies x to the power of y. In other-¢ontexts, such notation is usedl for

/-4

b is

D

inge

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 .
+E ; ifx==0 && y>=0
T -
- ] ULIICT WIS
2
Cos(x) The trigonometric cosine function operating on an argument x in units©f radians.
Floor|( x) The the largest integer less than or equal to x.
Sin(¥) The trigonometric sine function operating on an argument x ifi' units of radians.
Tan( k) The trigonometric tangent function operating on an argument x in units of radians.
4 (Qverview
4.1 |General
This locument specifies common immersive media metadata focusing on immersive videps (including

360°

regiopn-wise formats metadata.

4.2
This

withgut any underscore characters:

4.3

Proce

one or more outputs,and a sequence of operation steps.

4.4

Synt3
in ISC

videos) and images. The metadata includes ¢g-ordinate system, projection format,

Variables

Hocument derives variables that aré named by a mixture of lower case and upper ca

Processes

sses are used to describe the various operations. A process has a set of one or more in

Syntax structures

x structures in this document are specified with the syntactic description language (S
/1IE€14496-1:2010, Clause 8, with the following change: Unlike specified in ISO/IEC 14

and packing

se letter and

puts, a set of

DL) specified
1496-1:2010,

Claus

e 8ythis document allows a variable declaration in expressionl of a for loop for (e

xpressionl;

expression2; expression3).Such a variable declaration may be used for a loop index variable with a
data type.

NOTE

in the

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

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
elevation (6).

Figure 5.1 sgecifiesthe Tetation of the Sphere coordinates aZimutit (@) and etevation (6] to the X, Y, and
Z coordinatd axes.

Z

e

increasing ¢

X

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

The value rhnges of azimuth is -180.0, inclusive, to 180.0, exclusive, degrees. The value range of
elevation is 190.0 to 90.0,.inclusive, degrees.

5.2 Coordinate-system rotation

Inputs to thisptecess are:

— rotation yaw (@4), rotation pitch (f4), rotation roll ()4), all in units of degrees, where
rotation_yaw (@g) and rotation_roll ()y4), 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

When any of the yaw (ay), pitch (f4) and roll (y4) rotation angles is not equal to zero, an PMAF player
needs to apply the sphere rotation process specified‘ii this clause to convert the local cogrdinate axes

to the global coordinate axes.

It is gssumed that the global coordinate system5 for different media types were made aligned during
contgnt production.

The qutputs are derived as follows:

p=¢y* m +180

0=64* m +180

a=ay* m +180

p=p;* m +180

Y =vq *¢r+ 180

x, =€05($ ) * Cos( 6)

1= Sin(¢)* Cos(6)

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 fields i to be
applied to convert the local coordinate axes to the global coordinate axes. In the case of steréagcopic
omnidirectignal video, the fields apply to each view individually.

5.3.1.2 Syptax

aligned(8) |class RotationStruct () {
signed int (32) rotation yaw;
signed int(32) rotation pitch;
signed int (32) rotation roll;

}
5.3.2 Content coverage structure

5.3.2.1 Ddfinition

The fields in this structure provides the content coverage, which is expressed by one or more sphere
regions covdred by the content, relative to the global coordinate axes.

5.3.2.2 Syptax

aligned(8) |class ContentCoverageStruct () .{
unsigned int (8) coverage shape type;
unsigned int (8) num regions;
unsigned int (1) view idc presencg, f¥ag;

if (view idc presence flag == 0) ¥
unsigned int (2) default view>idc;
bit (5) reserved = 0;

} else
bit (7) reserved = 0;

for (1 F 0; 1 < num pegions; 1i++) |
if (view idc presehee flag == 1) {

unjsigned int«2) view idc[i];
bijt (6) resérwed = 0;
}
SphereRegienStruct (1, 1);

}
5.3.3 Viewpoint information structures

5.3.3.1 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.

8 © 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;

}

aligned(8) class ViewpointGeomagneticInfoStruct () {
s oottt —viewpotrt—geomag e te—yaws
signed int (32) viewpoint geomagnetic pitch;
sjigned int (32) viewpoint geomagnetic roll;

}
aligrjed(8) class ViewpointGlobalCoordinateSysRotationStruct () {
signed int (32) viewpoint gcs yaw;
signed int (32) viewpoint gcs pitch;
signed int (32) viewpoint gcs roll;
}
aligned (8) class ViewpointGroupStruct () {
urfsigned int (8) vwpt group id;
uff8string vwpt group description;

}
5.3.4) Sphere region structure

5.3.4{1 Definition

The gphere region structure (sphereRegionstruct)$pecifies a sphere region.

Wheil centre tiltisequalto 0, the sphere region specified by this structure is derived as|follows:

— If both azimuth range and elevatiodirange are equal to 0, the sphere region specified by this
structure is a point on a spherical surface.

— Qtherwise, the sphere region is'defined using variables centreAzimuth, centreElevation, cAzimuth1,
zimuth, cElevation1, and eElevation2 derived as follows:

centreAzimuth = centre ‘gzimuth + 65536

centreElevation = centre elevation + 65536

cdAzimuthl = ( centye azimuth - azimuth range +2 )+ 65536 (5-1)
cAzimuth2 = (centre azimuth + azimuth range +2 )+ 65536
cElevationl ={tentre elevation —elevation range + 2 )+ 65536

C

levation2&=( centre elevation +elevation range + 2 ) + 65536

The sphereregion is defined as follows with reference to the shape type value specified in the semantics
of thg strdcture containing this instance of sphereregionstruct:

— When the shape type value is equal to 0, the sphere region is specified by four great circles 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.

© ISO/IEC 2022 - All rights reserved 9
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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

1 (centreAzimuth, centreElevation)
2 cAzimuth2

3 cElevationl

4  cAzimuthl

5 cElevation2

Figure 5.3 — A sphere region spécified by four great circles

Shape type yalue equal to 1 specifies that the sphére region is specified by two azimuth circles anfd two
elevation circles as illustrated in Figure 5.4,

10 © ISO/IEC 2022 - All rights reserved
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CentreAzimuth, centreElevation)
Azimuth2

Flevation1

Azimuth1

Flevation2

Ul s W N
O 0O 0O 0O M

Figure 5.4 — A sphere region specified by two(azimuth circles and two elevation circles

Shape type values greater than 1 are reserved.

5.3.4/2 Syntax

aligrjed (8) SphereRegionStruct (rafige included flag, interpolate included flag) {
signed int (32) centre azimuthy
signed int (32) centre eleyation;

signed int (32) centre gilk;

if (range included flagy {

unsigned int (32) Yazimuth range;

unsigned int (32)\elevation range;

if (interpolage~dncluded flag) {
unsigned &0t (1) interpolate;

bit (7) wé€served = 0;

}

5.3.5( .SSpherical region-wise quality ranking - Syntax

aligned (8) class SphereRegionQualityRankingStruct () {

unsigned int (8) region definition type;

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 11
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bit (6) reserved = 0;

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

if ((i < (num_regions - 1)) || (remaining area flag == 0))
SphereRegionStruct (1, 1);

5.3.6 2D region-wise quality ranking structure- Syntax

aligned(8) class 2DRegionQualityRankingStruct () {
unsigned int (8) num regions;
unsigned int(l) remaining area flag;
unsigned int (1) view idc presence flag;
unsigned int (1) unspecified flag;
unsigned int (4) quality type;
bit (1) yeserved = 0;

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

}

for (i 4 0; i < num regions; i++) {
unsigned int (8) quality ranking;
if (vfiew_idc presence flag == 1) {

unsigHed Int(Z) view idc;
bilt (6) reserved = 0;

if (quality type == 1) {
unjsigned int (16) orig width;
unjsigned int (16) orig height;

if ((i < (num regions - 1)) || (remaining,area flag == 0)) {
unjsigned int (16) left offset;

unjsigned int (16) top offset;
unlsigned int (16) region width;
unjsigned int (16) region height;

}
5.4 Comnon metadata semantics

5.4.1 Rotdtion structure -Semantics

rotation yalw, rotation Pitch, and rotation roll specify the yaw, pitch, and roll angles, respectively,
of the rqtation that’is applied to the unit sphere to convert the local coordinate axes to the global
coordingte axesfin units of 2716 degrees, relative to the global coordinate axes. rotation_yaw shall
be in the range of -180 * 216 to 180 *216 - 1, inclusive. rotation pitch shall be in the range of
-90 * 2% 090 * 216, inclusive. rotation rol1 shall be in the range of -180 * 216 to 180 * 2]16 -1,
inclusiv

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

view idc 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 © ISO/IEC 2022 - All rights reserved
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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
example, one example of an asymmetric stereoscopic coverage can be described by setting num regions

q

When SphereRegionStruct (1,

i

The d
V

5.4.3

viewq

S W oo < o

viewq

d
H

viewq
d
V

viewq
n

equal to 2, indicating one sphere region to be on the left view covering the azimuth range of -90° to 90°,
iﬁclusive, and indicating the other sphere region to be on the right view covering the azimuthyrange of -60 to
0°, inclusive.

1) is included in the contentCoverageStructA),."5.3.4
nterpolate shall be equal to 0.

ontent coverage is specified by the union of num_regions sphereRegionstruct (1, 1
Vhen num regions is greater than 1, the content coverage may be non-contiguous.

Viewpoint information structures - Semantics

oint pos x, viewpoint pos_y, and viewpoint pos z Spee€ify the position of the view
he position of the viewpoint is static) or the initial position of viewpoint (when the p
iewpoint is dynamic), in units of 101 millimeters, i 3D space, relative to the comm|
oordinate system. If a viewpoint is associated with a timed metadata track with s
ype 'dyvp', the position of the viewpoint is dynamic. Otherwise, the position of the
tatic. In the former case, the dynamic position’of the viewpoint is signalled in the asso
hetadata track with sample entry type 'dy@p'.

oint_gpspos_longitude indicates thelongitude of the geolocation of the viewpoint in|
egrees. viewpoint gpspos_ longitude shall be in range of -180 * 223 to 180 * 223 -

oint gpspos latitude indicates the latitude of the geolocation of the viewpoint in
egrees. viewpoint gpsposwlatitude shall be in range of -90 * 223 to 90 * 223 - 1, inclu
alue represents northern’latitude and negative value represents southern latitude.

oint gpspos altitude indicates the altitude of the geolocation of the viewpoinf
hilimeters above the WGS 84 reference ellipsoid as specified in the EPSG:4326 datab

viewgoint geomagnetic yaw,

https://epsgierg.

viewpoint geomagnetic pitch, and viewpoint geomg

specify~the yaw, pitch, and roll angles, respectively, of the rotation angles of X, Y, 2

mimon reference coordinate system relative to the geomagnetic North direction, in

applies and

structure(s).

point (when
sition of the
on reference
ample entry
viewpoint is
ciated timed

units of 2-23
1, inclusive.

ositive values represent eastern Jongitude and negative values represent western lonfgitude.

units of 2-23
sive. Positive

in units of
hse available

gnetic roll
axes of the
units of 2-16

gY‘PPQ zi prm'i nt geomagnetic aw shall be in the rnngp of =180 * 716 to 180 *216 |

1, inclusive.

viewpoint geomagnetic pitch shall be in the range of -90 * 216 to 90 * 216, inclusive. viewpoint
geomagnetic_roll shall be in the range of -180 * 216 to 180 * 216 - 1, inclusive.

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

© ISO/IEC 2022 - All rights reserved
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When two viewpoints have different values of vwpt _group id, their position coordinates a

comparable, because the viewpoints belong to different coordinate systems.

re not

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 * 216,

inclusive-

centre tild
in the rg

azimuth ran
respecti
range a
illustrat
in this
structur
to 360 *

The semanti
of SphereRe
it is inferre
SphereRegiog

54.5 Sph

region defi
region
circles a

num_ regiong|
informa
containg

remaining g
SphereR
regions
and the
coverag
regions

Ind two elevation circles. regigon)definition type values greater than 1 are reserve

specifies the tilt angle of the sphere region in units of 2716 degrees. centre_tiitlsh
nge of -180 * 216 to 180 * 216 - 1, inclusive.

ye and elevation range, when present, specify the azimuth and élévation r3
ely, of the sphere region specified by this structure in units of 2-16~dégrees. azi
d elevation range specify the range through the centre point ofythe sphere regi
ed by Figure 5.3 or Figure 5.4. When azimuth range and elevatidn Tange are not pr
nstance of sphereRegionstruct, they are inferred as specified. in the semantics (¢
e containing this instance of sphererRegionstruct. azimuth #ange shall be in the rang
216 inclusive. elevation range shall be in the range of 0 16-180 * 216, inclusive.

s of interpolate are specified by the semantics of the)structure containing this ins
ionstruct. When interpolate is not present inthis instance of sphereregionst
d as specified in the semantics of the syntdx“structure containing this instan
nStruct.

prical region-wise quality ranking - Semantics
hition type equal to O specifies thatthe sphere region is specified by four great ci
Hefinition type equal to 1 specifies that the sphere region is specified by two az

specifies the number of.quality ranking sphere regions for which the quality ra
Lion is given in this box. Value 0 is reserved. There shall be no point on the sphere t
d in more than one of these quality ranking sphere regions.

rea flag equalto-0 specifies that all the quality ranking sphere regions are defined &
bgionStruct (1,.71) structures. remaining area flagequalto 1 specifies that the firsf
- 1 quality"ranking sphere regions are defined by sphereRegionstruct (1, 1) stru

e, not .covered by the union of the quality ranking sphere regions defined by the first
1) structures. The last remaining quality ranking s

%./SphereRegionStruct (1,

region nmpay'be on both the left and right views.

il

all be

nges,
uth
n, as
esent
f the
e of 0

tance
ruct,
ce of

rcles.
muth
.

hking
hat is

y the
num_
cture

last remaining quality ranking sphere region is the sphere region within the content

numf
bhere

view idc_presence flag equal to 0 specifies that view idc is not present. view idc presence flag
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

arerese
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rved.
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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

I
i

orig|

Q

0 =z

Sphet

—

5.4.6

quali

Q =~ =

view

= Q@

view

< o= =

defay

5 inferred to be equal to the value of default view idec.

width and orig height specify the width and height, respectively, of such a méhosco
icture for which both horRatio and verRatio, as derived in 6.2.2 for each of the packed|
over the quality ranking sphere region, are equal to 1.

OTE orig width and orig height represent the width and height of the picture fr
acked region has been extracted without resampling.

eRegionstruct (1, 1) specifies the spherical location and‘\sizé of the quality rarn
egion relative to the global coordinate axes, while the shape type value of
anking sphere regions is indicated by region definitien type. The value of int

phereRegionStruct (1, 1) shall be equal to 0.

2D region-wise quality ranking structure ~Semantics

ty ranking specifies a quality ranking value of the quality ranking sphere regi
anking equal to 0 indicates that the quality ranking value is not defined. When qus
egion A has a non-zero quality ranking.value less than that of quality ranking regi
hnking region A has a higher quality than quality ranking region B. When the quality r
b non-zero, the picture quality within the entire indicated quality ranking region is ay
onstant.

idc_presence flag equal to'0 specifies that view idc is not present. view idc pt
qual to 1 specifies that ¢igw idc is present and indicates the association of quality ra
bith particular (left orright or both) views or monoscopic content.

idc equal to 0 indi¢ates that the quality ranking region is monoscopic, 1 indicates thg
hnking region is’on the left view of stereoscopic content, 2 indicates that the qus
egion is on.the'right view of stereoscopic content, 3 indicates that the quality ranking
oth the Jeft and right views. When not present, the value of view idc isinferred to be
alue ofdsfault view ide.

n]n'ng cphnrn roginn ison both the left and righf views When not prncnnf, the value of view idc

bic projected
regions that

m which the

king sphere
the quality
erpolate in

Nn. quality
lity ranking
bn B, quality
hnking value
proximately

esence flag
nking region

t the quality
lity ranking
region is on
equal to the

1fview idc equal to 0 lndlcates that the quahty ranklng reglon is monoscoplc 111

dicates that
the quality

ranklng reglon is on the rlght view of stereoscopic content 3 1nd1cates 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
regions. 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 6.2.2, 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

‘7‘3["

arerese

orig width d
picture
cover th

NOTE
packed r

left offset
position
horizon{
region v

width and height, respectively, of the quality ranking 2D regiomjvithin the picture, in units of

samples
region

region widt

region heig

6 Video

6.1 Proje

6.1.1 List

This clause
monoscopic
and elevatio

The omnidir
integer valu

references to thersubclauses in which the respective inverse projection processes are specified.

ind orig height specify the width and height, respectively, of such a monoscopie.proj
or which both horRatio and verRatio, as derived in 6.2.2 for each of the packedTiegion
e quality ranking 2D region, are equal to 1.

orig width and orig height represent the width and height of the picture from whi
bojon has been extracted without resampling.

’

top offset, region width, and region height are integer\values that indicat
and size of the quality ranking 2D region. left offset ahd/top offset indicaf
al and vertical coordinates, respectively, of the upper left.corner of the quality ranki
Fithin the picture, in units of luma samples. region width-and region height indicaf

left offset + region width shall be less than width OfVisualSampleEntry. top off
height shall be less than height of VisualSampleBngry.

h shall be greater than 0.

ht shall be greater than 0.

aind image metadata
ction formats
of projection formats

specifies the inverse of the projection process for remapping of one sample locatiol

h coordinates:

ectional projection formats specified in this document are identified by a 5-bit uns
e, Tdble 6.1 specifies the omnidirectional projection format identifier values and pro

ected
s that

h the

e the
e the
hg 2D
e the
luma
set +

h of a

projected luma picture onto a position on the unit sphere identified by a pair of azimuth

gned
vides

16

Table 6.1 — Omnidirectional projection 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.

Outputs of this process are:

%)

phere coordinates (¢, 8) for the sample location in degrees relative to the coordinate akes specified
n 5.1

—n

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

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

Figune 6.1 illustrates the azimuth and elevation ranges of a menoscopic projected pictyire with the
equirectangular projection.

180°f ——————— B\ R ~180°

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

NOTH1 Since an input to.this process is the centre point of a sample location and the width and height of the
sample are non-zero, the output ¢ is never equal to -180° or 180° and the output 6 is never equal td -90° or 90°.

NOTH2 The mongseopic projected picture represents the inside surface of the unit sphere obsefved from the
origir] of the coordinate system. Thus, the azimuth decreases from left to right.

6.1.3| Cubemap projection process

Inpugs:téthis 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

— 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.

© ISO/IEC 2022 - All rights reserved 17
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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
N z
w X
3 o N
o
S o 213
Z

Figure 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 = Floor( vPos +1h)

v ——1 22 h——0VJ // naocitive v fraont facao
H—W + ++ 7/ PesHve el

ISO/IEC 23090-7:2022(E)

x=1.0
y =hPos’
7z =vPos’

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

x=-1.0
y =-vPos’
z =-hPos’

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

x = -hPos’
y=-vPos’
z=1.0

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

x = hPos’
y =-vPos’
z=-1.0

}elseif(wi==0&& h==0){// positive y left face
x=yhPos’

y=1.0

telse{// (w==2&&h==0), negative y right face
x = hPos’
y=-1.0
z =vPos’

}

¢ =Atan2(y,x)*180 + 1

© ISO/IEC 2022 - All rights reserved
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0= Asin(z+\/x2 +y2 +zz)*180+7c

6.2 Regio

6.2.1 List

n-wise packing formats

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 inverse reglon wise packmg processes spec1f1ed in thls document are 1der1t1f1ed by a4- b1t un51gr1ed

integer val
references t(

6.2.2 Recl

This clause
luma samplg
region.

Inputs to thi

units, w

the widt
picture

the wid

 the subclauses in which the respectlve inverse processes are spec1fled

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

angular region-wise packing process

specifies the inverse of the rectangular region-wise packing process for remappin
location in a packed region onto a luma sample lacation of the corresponding proj

5 process are:

sample location (x, y) within the packed region, where x and y are in relative packed picture sg

hile the sample location is at an integer sample location within the packed picture,

h and the height (projRegWidth, projRegHeight) of the projected region, in relative proj
sample units,

'h and the height (packedRegWidth, packedRegHeight) of the packed region, in re

packed picture sample units,

transfor

offset vg
in horiz

NOTE off
in packed pict

m type (transformType), and

lues for the sampling position (offsetX, offsetY) in the range of 0, inclusive, to 1, excl
ntal and vertical relative packed picture sample units, respectively.

setX and.offsetY both equal to 0.5 indicate a sampling position that is in the centre pointofas
ure sample units.

Outputs of thisprocess are:

vides

b of a

ected

mple

ected

ative

1sive,

hmple

— the 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

if( transformType = =

are derived as follows:

0 | | transformType ==1| | transformType = =

horRatio = projRegWidth + packedRegWidth

verRatio = projRegHeight + packedRegHeight

} else if ( transformType = =

transformType = =

20

4 | | transformType ==5 | | transformType ==6 | |

7)1

2 | | transformType = =

3)4
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horRatio = projRegWidth + packedRegHeight
verRatio = projRegHeight + packedRegWidth
}
if( transformType==0){
hPos = horRatio * ( x + offsetX )

vPos = verRatio * (y + offsetY )

Aolcoif(trancfarmTung — — 11 [
Al Uil iV A o =J U

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 * ( yr+ offsetY )

vPos = verRatio *('packedRegWidth - x - offsetX)
} else if ( transformType ==6) {

hPos =horRatio * ( packedRegHeight - y — offsetY )

vPgs = verRatio * ( packedRegWidth - x - offsetX)

} else if ( transformType ==7) {

lL.D 1 D o4 X [ 1 A Il oscelos £L£ FA VAR
IS = IIUI' INdU1IU L }Jdbl\CuI\EsllClsllL _/V UIISCLI J
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 spl'lere aligned  b) Unit sphere aligned ¢) Projected picture d) Packed pictirije
with global coordinate  with local coordinate on which regions for
axes axes region-wise packing are
specified
Key
A global coprdinate axes

B local coo

Figure 6.3 -

The content

— Thesou
the glob

— The unif

The amq@unt of rotation to convert from the-local coordinate axes to the global coordinate a

specifie
sphere 4
indicate

— Asiillust
a two-d
in 6.1.1.
views ai
two con

— Rectang
picture.

dinate axes

— Example of processing stages to derive a packed picture from a spherical ima
vice versa

puthoring can include the following ordered steps:

‘ce images provided as input are stitched to generate a sphere picture on the unit sphei
bl coordinate axes as indicated in Figure.643 a).

sphere is then rotated relative to théglobal coordinate axes, as indicated in Figure §

] by the rotation angles indicated in the rotationBox. The local coordinate axes of th
re the axes of the coordinate system that has been rotated. The absence of rRotati
5 that the local coordinate.axes are the same as the global coordinate axes.

rated in Figure 6.3 ¢), the spherical picture on the rotated unit sphere is then convert
mensional projected picture, for example, using the equirectangular projection spe
When spatial packing of stereoscopic content is applied, two spherical pictures for th
e converted to two constituent pictures, after which frame packing is applied to pag
Stituent pietures to one projected picture.

ular region-wise packing can be applied to obtain a packed picture from the proj
Onelexample of packing is depicted in Figure 6.3 c) and Figure 6.3 d). The dashed recta

e or

e per

.3 b).
Kes is
P unit

bnBox

ed to
rified
e two
k the

ected
ngles
bas in

in Figur|

P \6(3 c) indicate the projected regions on a projected picture, and the respective ar¢

Figure 63 dJ1ndicate the corresponding packed regions. In this example, projected regions I and 3
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 to map sample locations of a packed picture (such as that in Figure 6.3 d)) to a unit sphere used

in rendering

(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.
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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 specified in
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 projected
picture are converted to sample locations of the respective constituent picture of the projected
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 that are relative to local coordinate axes, as specified for the omnidirectional projection

format hnihg usedin 651 The rncn]h'ng camp]n locations r‘nrrncpnnr‘ toa cphnrn pir‘f
ih in Figure 6.3b.

[f rotation is indicated, the sphere coordinates relative to the local coordinate axés-are
sphere coordinates relative to the global coordinate axes as specified in 5.2”Qtherwig
doordinate axes are identical to the local coordinate axes.

re depicted

converted to
e, the global

tions within
ely specified

For fisheye omnidirectional video, the process for mapping of Juma sample locations within an active

area

ith a decoded picture to sphere coordinates relative to the'global coordinate axes is

specified in 6.3.4.

6.3.2
relat|

This
coord

offse

Mapping of luma sample locations within a decoded picture to sphere coordin
ve to the global coordinate axes

clause specifies the semantics of luma.Sample locations within a decoded pictul

Hor video, the decoded picture is thedecoding output resulting from a sample of the vi
Hor an image item, the decoded‘picture is a reconstructed image of the image item.

X is set equal to 0.5 and-offsetY is set equal to 0.5.

If RegionWisePackingFlag.is-equal to 1, the following applies for each packed region n in t}
to NuymRegions - 1, inclusive:

Hor each sampleTocation (xPackedPicture, yPackedPicture) belonging to the n-th p:
with Packinglype[n] equal to O (i.e. with rectangular region-wise packing), the followi

The-corresponding sample location (xProjPicture, yProjPicture) of the projecte
derived as follows:

inates relative to the global coordinate‘axes. The decoded picture may be of any of tT

normatively

ates

'e to sphere
following:

deo track.

e range of 0

icked region
ng applies:

d picture is

X 1S Setequal to XxPackedPicture — Packed RegLeftinj-
y is set equal to yPackedPicture - PackedRegTop|[n].
ProjRegHeight[n], TransformType[n],
assigned to sample location (hPos, vPos).

xProjPicture is set equal to ProjRegLeft[n] + hPos.

picture width, XProjPicture is set equal to xProjPicture — proj picture widt

© ISO/IEC 2022 - All rights reserved

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

When SideBySideFlag is equal to 0, and when xProjPicture is greater than or equal to proj

h.
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Otherwise (
within the d

xProjPid
— yProjPig

6.3.3 is
as input
frame-p

6.3.3 Con
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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.

xProjPicture is greater than or equal to proj picture width, XxProjPicture is set
to xProjPicture - proj picture width /2.

yProjPicture is set equal to ProjRegTop[n] + vPos.

When ProjRegLeft[n] is greater than or equal to proj picture width / 2 and

equal

x (for frame-packed stereoscopic video) for the luma sample location (xPackedPi
‘kedPicture) belonging to the n-th packed region in the decoded picture.

RegionWisePackingFlag is equal to 0), the following applies for each sample location
bcoded picture:

ture is set equal to x + offsetX.
ture is set equal to y + offsetY.

invoked with xProjPicture, yProjPicture, ConstituentPicWidth, and ConstituentPicH
5, and the outputs indicating the sphere coordinates and the constituent frame inde
hcked stereoscopic video) for the sample location (x,¥) within the decoded picture.

persion from a sample location in a projected picture to sphere coordinates relat

to the globall coordinate axes

Inputs to thi

the cent
xProjPid
integer 1

pictureV
projecte

NOTE
canbea

S process are

e point of a sample location (xProjPicture, yProjPicture) within a projected picture, v
ture and yProjPicture are in r€lative projected picture sample units and may have
eal values, and

Vidth and pictureHeight, ) which are the width and height, respectively, of a monos
d luma picture, in relative projected picture sample units.

The projected picture for which the sample location (xProjPicture, yProjPicture) is given ag
patially frame-packed picture.

Outputs of this processare:

— sphere
coordin

coordinates (azimuthGlobal, elevationGlobal), in units of degrees relative to the g
nte axes, and

1sinvoked with xProjPicture, yProjPicture, ConstituentPicWidth, and ConstituentPich
puts, and the outputs indicating the sphere coordinates and the constituentA

eight
rame
‘ture,

x )

eight
& (for

ive

vhere
non-

copic

input

rlobal

— when SpatiallyPackedStereoFlagisequalto 1,theindexofthe constituentpicture (constituentPicture)

equal to

The outputs

0or1.

are derived with the following ordered steps:

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

When the projection format is the cubemap projection, 6.1.3 is invoked with pictureWidth,

|

1

(
e

6.3.4
sphe

Input
t

t

I

t
u

t

t et

—n

Outp

aind elevationGlobal.

drea, given by circular image centre x¢frcular image centre y, and circular if

and camera centre tilt, péspectively, all in units of 2-16 degrees,

pictureHeight, xProjPicture, and yProjPicture as inputs, and the output }s
azimuthLocal, elevantionLocal.

F RotationFlag is equal to 1, 5.2 is invoked with azimuthLocal, elevantionLocal; rétati
otation pitch+216,and rotation roll +210asinputs,and the outputis assigned to az

therwise, azimuthGlobal is set equal to azimuthLocal and elévationGlobal is f§
levationLocal.

Conversion from a sample location of an active area in.a'fisheye decoded pictu
e coordinates relative to the global coordinate axes

s to this process are:
he sample location (x, y) in units of luma samples;

he centre location (x., y.) and the radius (rg of the circular region that contains th

spectively, all in units of 2716 luma samples,

he field of view (6,) of the lens corresponding to the i-th active area, given by fielg
nits of 2716 degrees,

he rotation parameters (@lp., V), given by camera centre azimuth, camera_centr

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

he number. ef\polynomial coefficients numCoeffs and the polynomial coefficients co
th active-at€a, given by num polynomial coeffs and polynomial coeff, respectively.

its of this process are:

assigned to

bn_yaw + 216,
imuthGlobal

et equal to

re to

e i-th active
age radius,

_of view, in
e elevation,
projection

effVal of the

Si

here coordinates (¢, A) relative to the global coordinate axes

The method of converting a sample location of an active area to sphere 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.

© ISO/IEC 2022 - All rights reserved

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
¢ = (Sqre( (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
@' = Atan(Sqrt( (x-x.+216)2+ (y -y, +216)2) + (r.+216))* (0, + 216 %1+ 180) + 2

if 1ens presection—typeegualto2-theangled is-derived by

@' =|Atan( Sqrt( (x -x.+210)2 + (y -y, +216)2) = (r .+ 216))* (6, + 216 * 1 + 180 }
if lens grojection type equal to 3, the angle ¢’ is derived by
@' =|Asin( Sqrt( (x-x.+216)2+ (y-y.+210)2) = (r .+ 216))* (6, + 216 *157180) + 2
if lens grojection type equal to 4, the angle ¢’ is derived by
@' =|Asin( Sqrt( (x—x.+216)2+ (y -y, +210)2) + (r.+216)) * (656210 * 1 + 180)
— Otherwise (polynomial coefficients are used), the angle ¢' is derived by

numdQoeffs—1
o= D ((coeffVal[j]*2724) * (Sqre( (x - x * 271892 + (y -y * 2710)2) + (r.* 271)
=0
The outputsjare then derived as follows:

~.

)

0' = Atap2(y -y, + 216, x — x_ + 216)

x, = Cog( ')

y1=Sin[¢') * Cos(6")

z,=Sin{ ¢') *Sin(6")

a=(a.F210)*T+180

B=(p.+216)*m+180

y=(v.4216)*mn+180

x, = Cog( f) * CosC¥) * x, - Cos(B) *Sin(y) *yy + Sin( ) * z,

V2= (Cqs(ag¥Sin(y) +Sin(a) *Sin(f) * Cos(y) ) * x; +
(Cose) * Cos(y) ~ Sin(a) *Sin(B) *Sin(y) ) *y; =
Sin(a) *Cos(f) *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(B) * 2,

¢ =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 circular
images captured by fisheye cameras may be directly projected onto a picture, which consists of fisheye
omnidirectional video. In an OMAF player, the decoded fisheye omnidirectional video may be stitched
and rendered according to the user's intended viewport using the signalled fisheye video parameters,
including:

6.5

region information of circular images in the coded picture,

field of view and camera parameters of fisheye lens,

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

léns shading compensation (LSC) parameters with RGB gains.

Video and image metadata data structures

6.5.1] Projection format structure - Syntax

aligned (8) class ProjectionFormatStruct () {

}

bit (3) reserved = 0;
unsigned int(5) projection type;

6.5.2| Region-wise packing structure

6.5.2|1 Definition

RegidnWisePackingStruct specifies the mapping between packed regions and the respecti
regions and specifies the location and size of‘the’guard bands, if any.

NOTE Among other information, the RegionWisePackingStruct also provides the cont
informpation in the 2D Cartesian picture domdin.

A de¢oded picture in the semantics of this clause is either one of the following deper]
contginer for this syntax structure:

The

Hor an image item( the decoded picture is a reconstructed image of the image item.

semaptics followsubsequently in this clause:

The wddth and height of the projected picture are explicitly signalled with proj pictuf
fgrod, picture height, respectively.

ve projected

ent coverage

ding on the

Hor video, the decoded picture is the decoding output resulting from a sample of the video track.

fontent of RegionwWisePackingsStruct is informatively summarized below, while thle normative

e width and

The width and height of the packed picture are explicitly signalled with packed picture width and

packed picture height, respectively.

When the projected picture is stereoscopic and has the top-bottom or side-by-side frame packing

arrangement, constituent picture matching flag equal to 1 specifies that

— 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

© ISO/IEC 2022 - All rights reserved
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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:

— afla

g indicating the presence of guard bands for the packed region,

— the packing type (however, only rectangular region-wise packing is specified in this document),

— the
regi

— whe

The content
summarized

— proj re

width, h

— transfo
region t

— packed
the widt

The content
normative s¢

— left gb
guard b
region.

— gb not
bands a1

— gb_ type

Figure 6.4 illustrates an example of the position and size of a projected region within a projected pi

(on the left s
right side). Tj

n guard bands are present, the guard band structure for the packed region guardBang

of the rectangular region packing structure RectRegionPacking (ijOniS informa
below, while the normative semantics follow subsequently in this clause:

y width[i], proj reg height[i], proj reg top[il], and proj, reg left[i] specif
eight, top offset, and left offset, respectively, of the i-th projectéd region.

m_type[i] specifies the rotation and mirroring, if any, that-are applied to the i-th p
b remap it to the i-th projected region.

reg width[i],packed reg height[i],packed reg tépli], and packed reg left[i] S|
h, height, the top offset, and the left offset, respectively, of the i-th packed region.

of the guard band structure GuardBand (i)ds ihformatively summarized below, whi
emantics follow subsequently in this clause:

| width[i], right gb width[i], top_gb height[i], OI bottom gb height[i] specif
hnd size on the left side of, the righit)side of, above, or below, respectively, the i-th p

sed for pred flag[i] indicates if the encoding was constrained in a manner thatg
'e not used as a reference'in the inter prediction process.

[i] (7] specifies the type of the guard bands for the i-th packed region.

ide) as well as that of a packed region within a packed picture with guard bands (d
his example-applies when the value of constituent picture matching flagisequal

napping between a projected region and the respective packed region in the rectangular

on packing structure RectRegionPacking (i),
(i).

tively

7 the

hcked

ecify

e the

y the
hcked

lards

cture

n the
o 0.
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Figure 6.4 — Projected region and the corresponding packed region with guard

clause is organized as follows:

he syntagand semantics of the rectangular region packing structure are specified i

— 1

.6.2.2, respectively.

he’,syntax and semantics of the guard band structure are specified in 6.5.2.3

bands

N 6.5.2.2 and

and 6.6.2.3,

I

spectively

— The syntax and semantics of the region-wise packing structure are specified in 6.5.2.4 and 6.6.2.4,

r

espectively.

— 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

e

6.5.2

lement values. The variables are also used in other clauses.

.2 Syntax of the rectangular region packing structure

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

17
proj reg height[i];

unsigned int (32)
unsigned int(32) proj reg top[i];
unsigned int (32) proj reg left[i];

© ISO/IEC 2022 - All rights reserved
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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];

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

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

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

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

for (3 A 0; J < 4; J++)
unsigped int(3) gb_typelil[]j];
bit (3) yeserved = 0;

}
6.5.2.4 Syptax of the region-wise packing structure

aligned(8) |class RegionWisePackingStruct () {
unsigned int (1) constituent picture matching flag;
bit (7) yeserved = 0;
unsigned int(8) num_regions;
unsigned int (3 proj picture width;
unsigned int ( proj picture height;
unsigned int ( packed picture width;
unsigned int ( packed picture height;
for (i 4 0; i < num regions; i++) {
bit (3]) reserved = 0;
unsigned int (1) guard band flag[i];
unsigned int (4) packing typel[i];
if (gacking typel[i] == 0) {
RelctRegionPacking (1) ;
if|] (guard band flag[i])
GuardBand (i) ;

32
16
16

}
6.5.3 Fisheye omnidirectional video structure

6.5.3.1 Syptax of the fisheye video essential information structure

aligned(8) |class FisheyeWdeoEssentialInfoStruct () {

unsigned int (3) viéwi'dimension idc;

bit (21) |reserved"0;

unsigned int (8)\ pum circular images;

for (i=0; i<~nUum_ circular _images; i++) |
unsigned \iAt (32) circular image centre x;
unsigned/int (32) circular image centre y;
unsigned int(3 TECt_region _top;

signed int (32

signed int (32 camera:centre:elevation;

)
)
unsigned int (32) rect region left;
unsigned int (32) rect region width;
unsigned int (32) rect region height;
unsigned int(32) circular image radius;
unsigned int (32) scene radius;
)
)
)

signed int(32) camera centre tilt;

unsigned int (32) camera centre offset x;

unsigned int (32) camera centre Toffset v

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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Syntax of the fisheye video supplemental information structure

(8) class FisheyeVideoSupplementalInfoStruct (container box version)
igned int(8) num circular images;
(19) reserved = 0;
igned int (l) entrance pupil flag;
igned int (1) flip info flag;
igned int (1) camera intrinsic flag;
igned int (1) local fov flag;
igned int (1) deadzone flag;
(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 coe&fs lsc;
for (3=0; j<num polynomial coefs,lsc; j++) {
signed int (32) polynomial coef k lsc r;
signed int (32) polynomiad\coef k lsc_g;
signed int (32) polynomial coef k lsc b;
}
}
if (local fov flag == 1) 4
unsigned int (16) numrangle for displaying fov;
bit (16) reserved =\NO;
for (3=0; j<nupraugle for displaying fov; j++) |
unsigned iRt)(32) displayed fov;
unsigned int (32) overlapped fov;
}
bit (16) _kegerved = 0;
unsignedint (16) num local fov region;
for (3=0; j<num local fov region; J++) {
unsigned int (32) start radius;
unsigned int(32) end radius;
signed int (32) start angle;
signed int (32) end angle;
unsigned int (32) radius delta;
w'rjnnrq int (32) anale delta-

}
if

for (rad=start_radiu§; rad<=end radius; rad+=radius delta)
for (ang=start angle; ang<= end angle; ang+=angle delta)
unsigned int (32) local fov weight;

}

(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 Proj

ection format structure - Semantics

projection 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 Reg

6.6.2.1 General

This subclau

6.6.2.2 Se

proj reg wi

on-wise pa cking structure
(=4

se specifies information about region-wise packing structure.

mantics of the rectangular region packing structure

dth([i], proj reg height[i], proj reg topl[il], and proj xeg) left[i] specify

width, H
the proj
constit

1). proj

in relati
Two pr
indicati
the over
the proj

transform 4

to samp
not
mir
rotg
rotg

rota

eight, top offset, and left offset, respectively, of the i-th prejeeted region, either w
cted picture (when constituent picture matching flag\_iS equal to 0) or withi
nt picture of the projected picture (when constituent pigfure matching flag iseq

the
rithin
n the
ual to

reg width([i], proj reg height[i], proj reg topl[i] and proj reg left[i] are indicated

e projected picture sample units.

jected regions may partially or entirely overlap with each other. When there
n of quality difference, for example, by a region-wise quality ranking indication, thg
lapping area of any two overlapping projected regions, the packed region correspond
bcted region that is indicated to have higher quality should be used for rendering.

vpe [1] specifies the rotation andgmirroring that is applied to the i-th packed r|

e locations of a projected region. The following values are specified:
Fansform

oring horizontally.

tion by 180 degrees (counter-clockwise)

tion by 180 degrees (counter-clockwise) before mirroring horizontally

tionby-90 degrees (counter-clockwise) before mirroring horizontally

is an
bn for
ng to

egion

to remz:r it to the i-th projected region-A\When transform type(i] specifies both rotation and
mirroring, rotation is applied before mirroring for converting sample locations of a packed r|

egion

rot

N 1ok w2

NOT

tion by 90 degrees (counter-clockwise)

rotation by 270 degrees (counter-clockwise) before mirroring horizontally

rotation by 270 degrees (counter-clockwise)

E1l 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
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
indicated in relative packed picture sample units. packed reg width[i], packed reg height[il],

32

each
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left gb width[i]

right

bottd

When GuardBand (i) is present, at least one of

gb nd

ISO/IEC 23090-7:2022(E)

packed reg topl[i] _
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

specifies the width of the guard band on the left side of the i-th pack

, and packed reg left[i] shall represent integer horizontal and vertical

ed region in

relative packed picture sample units. When the decoded picture has 4:2:0 or 4:2:2 chroma format,

left gb width(

1 shall correspond to an even number of luma samples within the decoded picture.

g'l’\ S ESR | Cpnf‘lFlDC the width of the gnarr] hand on the rlnhf side of the i-th nar‘
elatlve packed picture sample units. When the decoded plcture has 4:2:0 or 4:2: 2 €hy
ight gb width[i] shall correspond to an even number of luma samples within

Hicture.
db_height[i] specifies the height of the guard band above the i-th packed-region in rel
plcture sample units. When the decoded picture has 4:2:0 chroma format, top gb hef

orrespond to an even number of luma samples within the decoded picture.

m _gb height[i
acked plcture sample units. When the decoded picture ha$, 4:2:0 chroma format
] shall correspond to an even number of luma saniples within the decoded pi

B

Height[1

left @b width[i], right gb width

Height [i], 0r bottom gb height[i] shall be greaterthan 0.

t used for pred flag[i] equal to O specifies that the guard bands may or may ng
he inter prediction process. gb not used for)ypred flagli
alues of the guard bands are not used in the inter predlctlon process.

t

<

OTE1 When gb not used for pred\flagl[i] is equal to 1, the sample values within g
ecoded pictures can be rewritten evencif the decoded pictures were used as references for in

xpanded to its guard band with décoded and re-projected samples of another packed region.

pe[i] [3] specifies the type’of the guard bands for the i-th packed region as follows,
b 0, 1, 2, or 3 indicating that the semantics below apply to the left, right, top, or &
espectively, of the packed region:

gb_type[i] pj1-equal to 0 specifies that the content of the guard bands in relation t

type [i403] shall not be equal to 0.

of sub-pixel values within the packed region and less than one pixel outside of the

ted region in
oma format,
the decoded

ative packed
ght[i] shall

] specifies the height of the guard band below{the i-th packed region in relative

bottom gb
rture.

i], top gb

t be used in

] equal to 1 specifies thaft the sample

hard bands in
ter prediction

f subsequent pictures to be decoded. For example, the content of a packed region can e seamlessly

with j equal
ottom edge,

b the content

of the packed regions is unspecified. When gb_not used for pred flag[i] is equal to 0, gb_

gbetype [i] [7] equal to 1 specifies that the content of the guard bands suffices for interpolation

boundary of

the packed region.

NOTE 2 gb_typelil []]
have been copied horizontally or vertically to the guard band.

gb_type[i] [7] equalto 2 specifies that the content of the guard bands represents a

equal to 1 can be used when the boundary samples of a packed region

ctual 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_type[i] [§] equalto 3 specifies that the content of the guard bands represents a

ctual 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

O,constituent_picture_matching_flag shaHlxaequalto(l

NOTE 1

For the stereoscopic content that uses equivalent region-wise packing for the const

ituent
n.

pictures

num_ regiong|
equal to
number
and Gua
picture.

proj pictur

settino this flag equalto 1 allows more compactsignalling of region-wise packing informati
(=] (=] LS I (=] (=] [=] I (=]

specifies the number of packed regions when constituent picture matchinglf]
0.Value 0 is reserved. When constituent picture matching flag is equal to)1;'the
of packed regionsis equal to 2 * num regions and the information in RectrRedioriPacki
rdBand (i) applies to each constituent picture of the projected picture.and the p

e width and proj picture height specify the width and height/ respectively, o

ag is
total

ng (1)
hcked

f the

projected picture, in relative projected picture sample units. projdpitture width and proj
picture| height shall both be greater than 0.
NOTE 2 | The same sampling grid, width, and height are used for the\luma sample array and the chroma
sample afrays of the projected picture.

packed pictjure width and packed picture height specify{the width and height, respectively, of
the paclted picture, in relative packed picture sample Wnits. packed picture width and pafked
picture| height shall both be greater than 0.

guard band [flag[i] equal to O specifies that the i-th.packed region has no guard bands. guard band_
flagli]| equal to 1 specifies that the i-th packedregion has at least one guard band.

packing typ
semanti

RectRegionh
projecte

GuardBand (i
GuardBa

6.6.2.5 De

1] specifies the type of regioniwise packing. The values of packing type(i] and
Cs are specified in Table 6.2.

d region. The syntax and)Semantics of RectRegionPacking (i) are specified in 6.5.2.
espectively.

) specifies the-guard bands for the i-th packed region. The syntax and semant
hd (i) are specified in 6.5.2.3 and 6.6.2.3, respectively.

rivation of region-wise packing variables and constraints for the syntax element

the region-

l

ise packing structure

their

acking (i) specifies the region-wise packing between the i-th packed region and the i-th

D and

cs of

s of

When the i{th.packed region as specified by this RegionWisePackingstruct overlaps with th

e j-th

packed region specified by the same regionwisePackingstruct, the i-th and j-th projected regions shall
reside in different constituent pictures for any values of i and j that are not equal to each other. The
i-th packed region as specified by this RegionwisePackingstruct shall not overlap with 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].

PackedRegWidth[n] is set equal to packed reg width[n].

PackedRegHeightin}issetequat topacrea Teg neignt o
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].

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

|
-

NumRegions is set equal to num_regions.

therwise (constituent picture matching ¢(flag is equal to 1), the following applies:

NumRegions is set equal to 2 * num_gégions.
When TopBottomFlag is equal ta’1, the following applies:
— projLeftOffset and packeédLeftOffset are both set equal to 0.

— projTopOffset is setlequal to proj picture height / 2 and packedTopOffset is
packed picture\height / 2.

When SideBySideFlag is equal to 1, the following applies:

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

— projTopOffset and packedTopOffset are both set equal to 0.

set equal to

set equal to

Fot n in the range of NumRegions / 2 to NumRegions - 1, inclusive, the following a1pplies:

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

— 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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