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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
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sion) 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
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Introduction

The immersive media metrics and measurement framework provide interoperability for consistent
logging and monitoring of immersive media quality and experiences.

Annex A provides an illustration of immersive media metrics measurement.

© ISO/IEC 2021 - All rights reserved v


https://standardsiso.com/api/?name=c1887fb9d89df324173c03988d2582d4



https://standardsiso.com/api/?name=c1887fb9d89df324173c03988d2582d4

INTERNATIONAL STANDARD ISO/IEC 23090-6:2021(E)

Information technology — Coded representation of
immersive media —

Part 6:

trics

L Z W 3 2>y

Scope

his document specifies immersive media metrics and the measurement framework. The im
edia metrics can be collected by service providers and used to enhance-the immersivj
uality and experiences. This document also includes a client reference model with observa
easurement points for collection of the metrics.

Normative references

he following documents are referred to in the text in such a-way that some or all of thein
nstitutes requirements of this document. For dated references, only the edition cited app
ndated references, the latest edition of the referenced décument (including any amendments)

[0 23009-1:2019, Information technology — Dynami¢.adaptive streaming over HTTP (DASH)
edia presentation description and segment formats.

I50 23090-2, Coded representation of immersivéimedia — Part 2: Omnidirectional media format

3 Terms and definitions
No terms and definitions are listed in this document.

I50 and IEC maintain terminolegical databases for use in standardization at the following addr

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

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

4 Abbreviated terms

D two-dimensional

mersive
e media
tion and

content
lies. For
applies.

- Part 1:

esses:

DQR two-dimensional quality ranking

DASH dynamic adaptive streaming over http
ER effective resolution

ERT effective resolution threshold

FOV field of view

OMAF omnidirectional media format

MCR metrics computing and reporting
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MPD
OP
PPI
QR
QRT

media presentation description
observation point

pixels per inch

quality ranking

quality ranking threshold

SRQR

VR

5 Ari

y

D f(0)

1=X

6 Imi

6.1 O

A gener
metrics
processi
player fi
or imag
reportin
the speq
metrics
such me

to enhar

spherical-region quality ranking

virtual reality

thmetic operators and mathematical functions

addition

multiplication, including matrix multiplication

mersive media metrics client referencemiodel

yerview

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

summation of f( 1) with i taking all integer values frontx)up to and including y

c immersive media client reference medel is shown in Figure 1 with observation points fdr
measurement. The model consists, 0f key functional modules including network access, media
ng, sensor, media renderer, and immersive media application. A VR client may be an OMAF
br file/segment reception or file access, file/segment decapsulation, decoding of audio, vide¢,
b bitstreams, audio and image rendering, and viewport selection. The metrics computing anfd
g (MCR) module queries the measurable data from various functional modules and calculates
ified metrics. The MER Mmodule may reside inside or outside of the VR client. The specified
may then be reportedto an analytics server or other entities interested and authorized to accegs
trics. The analytics server or other entities may use the metrics data to analyse the end usqr
experielce, assess client/device capabilities, and evaluate the immersive system performance in order
ice the overall immersive service experience across network, platform, device, applications anfd
services|
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1 image decoding 24 control/config
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13 image rendering
Figure 1 — Immersive media metrics client reference model
6.2 Definition of observation points
a4.2-1  General

This clause defines the observation points as depicted in Figure 1.

6.2.2 Observation point 1

The network access module issues media file/segment requests and receives media files or segment
streams from the network. The interface from the network access element towards MCR is referred to
as observation point 1 (OP1). This observation point is equivalent to ISO/IEC 23009-1 observation point
1 as defined in ISO/IEC 23009-1:2019, D.3.2.
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6.2.3 Observation point 2

The media processing module processes the file or the received media track, extracts the coded
bitstreams, parses the media and metadata, and decodes the media. The interface from the media
processing module towards MCR is referred to as observation point 2 (OP2).

The collectable data of OP2 includes parameters such as:

— MPD information, for example:

— media type;

— |media codec;

— ladaptation set, representation, and preselection IDs;
— OMAF metadata, for example:

— |omnidirectional video projection;

— |omnidirectional video region-wise packing;

— |omnidirectional viewport;
— Other media metadata, for example:

— [frame packing;

— |colour space:

— |dynamic range.

6.2.4 Pbservation point 3

The sengor module acquires the user’s viewing'erientation, position and interaction. The interface from
the sengor towards MCR is referred to as.obsérvation point 3 (OP3). The sensor data may be used b
networHl access, media processing and mgedia renderer module to retrieve, process and render VR medi
elementp. For example, the current viewing orientation may be determined by the head tracking an
possibly| also eye tracking functionality. Besides being used by the renderer to render the appropria
part of decoded video and audio.signals, the current viewing orientation may also be used by t

networl access for viewport.dependent streaming and by the video and audio decoders for decodin
optimization.

OP3 for pxample provides-information of collectable sensor data for:
— the fentre pointof the current viewport;
— headl motionrtracking;

— eye ftracking.

6.2.5 Observation point 4

The media renderer module synchronizes and playbacks the different VR media components to provide
a fully immersive VR experience to the user. The decoded pictures are projected onto the screen of a
head-mounted display or any other display device based on the current viewing orientation or viewport
based on the metadata that includes information on region-wise packing, frame packing, projection,
and sphere rotation as defined in ISO/IEC 23090-2. Likewise, decoded audio is rendered (e.g. through
headphones) according to the current viewing orientation. The media renderer module may support
colour conversion, projection, and media composition for each VR media component. The interface from
the media renderer towards MCR is referred to as observation point 4 (OP4).

4 © ISO/IEC 2021 - All rights reserved
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This observation point is equivalent to ISO/IEC 23009-1 observation point 3 as defined in

ISO/IEC 23009-1:2019, D.3.4.
The collectable data from OP4 may, for example, include:
— the media type:

— the media sample presentation timestamp:

— wall clock time:

— actual rendered viewport:
— actual media sample rendering time:

— actual rendering frame rate.

4.2.6 Observation point 5

The immersive media application manages the application configuratiairs-Such as display re
frame rate, field of view (FOV), lens separation distance, etc. The interface from the immersiy
application towards MCR is referred to as observation point 5 (OP5j:

(P5 consists of client capability and configuration parameters,”and the collectable data fq
includes, for example:

-+ display resolution;

+ display density, in units of pixels per inch (PPI);
-+ horizontal and vertical FOV, in units of degrees;
—+ media format and codec support;

-+ OS support.

~y

1 Metrics

7.1 General

—

his clause specifies’specific immersive media metrics. The syntax for the DASH metrics as spq
50/IEC 23009-1:2019, D.4.1 is used for immersive media metrics with the following addition:

]

new data type, viewportDataType, is defined as shown in Table 1. viewportDataType is an obj
ix integer-Keys that identify a viewport. The six keys are: viewpoint id, centre azimuth,
levatieh,”centre tilt,azimuth range and elevation range.

[N, M~

olution,
e media

om OP5

cified in

ect with
centre

© ISO/IEC 2021 - All rights reserved


https://standardsiso.com/api/?name=c1887fb9d89df324173c03988d2582d4

ISO/IEC 23090-6:2021(E)

Table 1 — ViewportDataType

Key Type Description
ViewportDataType Object
viewpoint id Integer Specifies the identifier of the viewpoint to which the viewport
belongs.
centre_azimuth Integer Specifies the azimuth of the centre of the viewport in units of

2716 degrees. The value shall be in the range of -180 * 216 to
180 * 216 - 1, inclusive.

cenfre elevation Integer Specifies the elevation of the centre of the viewport in units
of 2716 degrees. The value shall be in the range of -90 * 2169
90 * 216 inclusive.

cenfre tilt Integer Specifies the tilt angle of the viewport in units of 2-1¢degrees.
The value shall be in the range of 180 * 216 to 180 %216 - 1,
inclusive.

azifuth_range Integer Specifies the azimuth range of the viewpontithrough the cen-

tre point of the viewport, in units of 2-1¢'degrees.

elejation_range Integer Specifies the elevation range of the wviewport through the cen-
tre point of the viewport, in units 6216 degrees.

7.2 Rendered FOV set metric

The rRenfleredrovset metric reports a set of FOVs rendered by VR client devices, as specified in Table 2

Table 2 — RenderedFOVSet

- - \ad
Key Type Description
RenderddFovSet Set set of rendered FOVs
Entry Object
renderedFovH Integer The*hotizontal element of the rendered FOV, in units of 2-16 de-
grees, the value shall be in the range of 0 to 360 * 216, inclusive.
renderedFovV Integer The vertical element of the rendered FOV, in units of 2716 de-
grees, the value shall be in the range of 0 to 360 * 216, inclusive.

7.3 Display information set metric

The pisplayInfoset metricreports a set of display resolution, pixel density and refresh rate valugs
used by |VR clients for rendering the VR video, as specified in Table 3.

Table 3 — DisplayInfoSet

Key Nev Type Description
DisplayInfQSet Set set of display information
Enkry Object
displayResolution String display resolution, in units of pixels
displayPixelDensity Integer display pixel density, in units of PPI
displayRefreshRate Integer display refresh rate, in units of Hz

This is a generic metric that also applies to other visual media applications than VR applications.

6 © ISO/IEC 2021 - All rights reserved
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021(E)

The Renderedviewports metric reports a list of viewports that have been rendered at particular
intervals of media presentation times, as specified in Table 4.

Table 4 — RenderedViewports

Key

Type

Description

RenderedViewports

List

list of rendered viewports

Entry

Object

startTime

Media-Time

Specifies the media presentation time of the fit
played out media sample when the viewport cl

dicated in the current entry is rendefed starting from

this media sample.

st
lister in-

duration

Integer

The time duration, in units of thilliseconds, of
continuously presented media-samples when t
viewport cluster indicated in'the current entry
rendered starting froni the media sample indid
startTime.

"Continuously ptfesented" means that the medi
continued to ddvance at the playout speed thrd
the interval.

he
he
is
ated by

a clock
ughout

viewport

ViewportDataType

Indicat€s the average region of the omnidirect
mediacorresponding to the viewport cluster t

is réndered with the longest time starting fronp the

media sample indicated by startTime.

onal
hat

~1

.5 Comparable quality viewport switching latency metric

The comparable quality viewport switching latency metric (coviewportSwitchingLatency)|reports
the latency experienced by the user when switching from a first viewport to a second viewpprt until
the presentation quality of the secondiewport reaches a comparable presentation quality as|the first
Vviewport.
A new data type, viewport-Lt®m, is defined as shown in Table 5. viewport-Item is an object spefifying a
list of regions with associated quality covering a viewport.
Table 5 — Viewport-Item
Key (\(0\ Type Description
Viewport-Itém Object
Positdon ViewportDataType identifies the viewport
QuaXityLevels List list of different quality levels regions within fhe
viewport
Coverage Float percentage of the viewport area covered by this
region
OR Integer quality ranking (QR) value of this region
Resolution Object resolution for this region
Width Integer horizontal resolution for this region
Height Integer vertical resolution for this region

The comparable quality viewport switching latency metric is specified in Table 6.

© ISO/IEC 2021 - All rights reserved
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Table 6 — CQViewportSwitchingLatency

Key Type Description
CQviewportSwitchingLatency List List of comparable quality viewport switch-
ing latencies
Entry Object

firstViewport ViewportItem Specifies information about the first view-
port (i.e., before the switching).

secondViewport ViewportItem Specifies information about the second
viewport (i.e., after the switching).

worstViewport ViewportItem Specifies information about the worstview-
port seen during the switch duration.

time Real-Time Wall-clock time when switch stargs:

Mtime Media-Time Media presentation time when’/switch
starts.

latency Integer Specifies the interval jin milliseconds
between the time adser movement from
first viewport to.second viewport when the
presentation quality of the second viewport
reaches a comparable presentation quality
as the first-viewport.

Accuracy Integer Specifies the estimated accuracy of the
lateney/metric in milliseconds.

Cause List Specifies a list of possible causes for the
latency.

Entry Object
code Enum A possible cause for the latency. Th¢

value is equal to one of the following

— 0: Segment duration
— 1: Buffer fullness

— 2: Availability of comparable quality
segment

— 3: Timeout

8 Metric measurement process

8.1 General

This clayise specifies the immersive media metric measurement process to provide interoperability fqg
consistentlogging and monitoring of immersive media quality and experiences.

—

8.2 Rendered viewport measurement

The Renderedviewports metric reports a list of viewports that have been rendered during the media

presentation.

The client shall evaluate the current viewport every X milliseconds and potentially add the viewport
to the rendered viewport list. To enable frequent viewport evaluations without necessarily increasing
the report size too much, consecutive viewports which are close to each other may be grouped into
clusters, where only the average cluster viewport data is reported.

The viewport clustering is controlled by an angular distance threshold D. If the centre (i.e. the azimuth
and the elevation) of the current viewport is closer than the distance D to the current cluster centre (i.e.

8
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the average cluster azimuth and elevation), the viewport is added to the cluster and the current cluster
centre is updated.

If the distance to the cluster centre is instead equal to or larger than D, the current cluster centre,
azimuth range and elevation range, the start time and duration is added to the viewport list and a
new cluster is started and is set to be the current viewport.

Before reporting a viewport list, a filtering based on viewport duration shall be done. Each entry in
the viewport list is first assigned an "aggregated duration” equal to the duration of that entry. Then,
for each entry E, the other entries in the viewport list are checked. The duration for a checked entry is
ddded to the aggregated duration for entry E, if the checked entry is both less than ¢ millisecorlds away
from E, and closer than the angular distance D from E.

After all viewport entries have been evaluated and have received a final aggregated durdtion, all
Viewport entries with an aggregated duration of less than t are deleted from the viewport list (and thus
rjot reported).

—

he observation points needed to calculate the metrics are:

— OP3 sensor: Gaze information;

—  OP5 VR application: Field-of-view information of the device.

—

he configuration of values of viewport sample interval X (in milliseconds), the distance threshpld D (in
egrees), and the duration threshold ¢ (in milliseconds) is ne¥part of this document and may bbe set by
xternal means.

D QO

o0

.3 Comparable quality viewport switching latency measurement

The coviewportswitchingLatency metric reports the latency and the quality-related factofs when
Viewport movement causes quality degradations, such as when low-quality background cgntent is
briefly shown before the normal higher-quality is restored.

=]

he viewport quality is represented(by two factors; the quality ranking (QR) value, and the pixel
esolution of one or more regions.within the viewport. The resolution is defined by the orig width
nd orig height values in ISOMEC 23090-2 in SRQR (spherical-region quality ranking) ¢r 2DQR
(B-dimensional quality ranking). The resolution corresponds to the monoscopic projected pictyire from
hich the packed region cgvering the viewport is extracted.

—

Ih order to determine~whether two viewports have a comparable quality, if more than ong quality
nking region is viSible inside the viewport, the aggregated viewport quality factors are cqlculated
s the area-weighted average for QR and the area-weighted (effective) pixel resolution, respectively, as
specified in A.4:

hen a viewport is moved so that the current viewport includes at least one new quality|ranking
gion (i-ea quality ranking region not included in the previous viewport), a switch event is|started.
he listquality factors related to the last evaluated viewport quality before the switch are assigned
tpdhe firstviewport log entry. The start time, time, of the switch is also set to the time of| the last
evaluated-viewportbefore tireswitcin

The end time for the switch is defined as when both the average QR and the effective resolution for the
viewport reach values comparable to the ones before the switch. A value is comparable if it is not more
than QRT% (QR threshold) or ERT% (effective resolution threshold) worse than the corresponding
values before the switch. If comparable values are not achieved within N milliseconds, a timeout occurs
(for instance if an adaptation to a lower bitrate occurs, and the viewport never reaches comparable

quality).

The list quality factors related to the viewport which fulfils both thresholds are assigned to the
secondviewport log entry, and the latency (end time minus start time) is assigned to the latency log
entry. In case of a timeout, this is indicated under the cause log entry.

© ISO/IEC 2021 - All rights reserved 9
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During the duration of the switch the worst evaluated viewport is also stored and assigned to the
worstViewport log entry.

If a new viewport switching event occurs (e.g. yet another new region becomes visible) before an
ongoing switch event has ended, only the N milliseconds timeout is reset. The ongoing measurement
process continues to evaluate the viewport quality until a comparable viewport quality value is
achieved (or a timeout occurs). The observation points needed to calculate the metrics are:

— OP2 file decoder: SRQR/2DQR information;

— OP3sensor: Gaze information,

— OP4 VR renderer: Start of switch event detection (alternatively, region coverage informationfromn
SRQR/2DQR can be used);

— OP5 VR application: Field-of-view information of the device.

The accyiracy of the measured latency depends on how the client implements the viewport switching
monitorfng. As this might differ between clients, the client shall report the estimated accuracy.

The thrgsholds QRT, ERT, and the timeout N, can be specified during mettics configuration. Their
configutation is not part of this document and may be set by external means.,

10 © ISO/IEC 2021 - All rights reserved
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Annex A
(informative)

Illustration of implementation

A.1 General
This annex illustrates the calculation of immersive media metrics measurement.
A.2 Rendered viewport cluster
A viewport clustering is formed with a number of consecutive viewports close to each othér. If the
dentre (i.e. the azimuth and the elevation) of the current viewport is claser‘than the distance|D to the
durrent cluster centre (i.e. the average cluster azimuth and elevation), the viewport is added to the
dluster and the current cluster centre is updated.
T 7o P
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: S e e
t1 t2 B Ty 54— »
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Hey
al  rpadius=D
Y C~average cluster viewports

Figure A.1 — Example of a rendered viewport cluster

Figure A.1 illustrates an example of the cluster and the associated rendered viewports. Rendered
viewports #1, #2 and #3 form a first cluster as these viewports are all within the distance D of the
first cluster. Viewport #4 starts a second cluster as the distance between the first cluster and viewport
#4 is larger than D, viewports #4, #5 and #6 form a second cluster as they are all within distance D of
the second cluster. Similarly, viewports #7, #8, #9 and #10 form a third viewport cluster. The centre
position of each cluster is derived by averaging the centre position of all associated viewports of the
cluster, and the size of the viewport cluster is derived by averaging the size of all associated viewports
of the cluster.
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For each cluster j, the final averaged viewport parameters can be derived as follows, assuming there
are N viewports in the j-th cluster. Note that the centre azimuth and tilt averaging also needs to handle
the special case around -180/180 degrees, as some values might be positive (e.g. 176 degrees), while
others might be negative (e.g. -178 degrees). This special case is not shown in the following:

N
aljl=Yalil/N
i=1
N
BUES BTN
i=1
N
rj)=Yelil/N

N
ulj|=>dlil/N
i=1
N
vljl= ) elil/N
i=1
where

a [is the average_centre_azimuth

U |is the average_azimuth_range

v [is the average_elevation_range

d

e

Note algo thatthe’azimuth and elevation range (i.e. the visible coverage of the viewport) might ofte
be the spme fot every viewport, unless the user explicitly changes the field-of-view for the device. Fg
consistenCy; and to catch any during-session field-of-view changes, these two parameters should sti

is the average_centre_elevation

is the average_centre_tilt

is the centre_azimuth
is the centre_elevation
is the centre_tilt

is the azimuth_range

is the elevation_range

—_—— =

be aver

geda:

A.3 Rendered viewport filtering

Figure A.2 illustrates an example of the duration filtering. The user starts by looking at the upper left
part of the media (viewports #1 to #3), then make a very brief glance to the right (viewport #4), and
then moves back to the upper-left again (viewports #5 and #6). Then the user moves his gaze to the
lower-right part (viewports #7 to #10).

Assume that the duration t is set to 4 times the value of the viewport sample rate X (i.e. a cluster needs
to have a duration corresponding to at least four viewports to be reported). Here four clusters are
formed, but before filtering only cluster #4 would be reported. After filtering, clusters #1 and #3 are

12
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close enough both in time and distance to add to each other's aggregated duration, so each of them
will be assigned an aggregated duration of 5, and thus be reported. Cluster #2, the quick gaze up to the
right, has too short duration and will not be reported.

S | j e ',j' I I B B
=) ’\ . [N —L:i‘;_ﬂ 7/7‘\};_&?}1 = \I{_:_/:/‘
b e d
t1 t2 e 3 t4 5
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e S==
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al radius=D d’  cluster #3 starts
B cluster #1 starts e  cluster #4 starts
c| cluster #2 starts f  average cluster viewports
Figure A.2 — Example of rendered viewport cluster filtering
A.4 Viewport quality
This clause illustrates how/the weighted average QR value and the effective resolution can be calculated.
The quality level of each region is determined with its respective QR value. A viewport can be|covered
with multiple regions. A quality level value for the viewport can be derived as weighted average of the
(R values of thewregions covering the viewport. The weight of each region is defined as the pefcentage
df the viewpprt area covered by the corresponding region. The viewport quality level can be cdlculated
Hy:
N
v=Y (Qli]*C[i]/100)
i=1
where

is the quality (viewport)

© ISO/IEC 2021 - All rights reserved

is the number of regions covering the viewport

is the QR value of i-th quality ranking region

is the viewport coverage value (in percent) of i-th quality ranking region
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