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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

A |
VOTI\T

[he procedures used to develop this document and those intended for its further aain
hire described in the ISO/IEC Directives, Part 1. In particular, the different approval

fenance
criteria

heeded for the different types of document should be noted. This document was drafted in

[ives or

hccordance with the editorial rules of the ISO/IEC Directives, Part 2 (see www.is@.org/direc
www.iec.ch/members_experts/refdocs).

Attention is drawn to the possibility that some of the elements of this document may be the
bf patent rights. ISO and IEC shall not be held responsible for identifying any or all such
Fights. Details of any patent rights identified during the development\0f'the document will b
ntroduction and/or on the ISO list of patent declarations received (sée www.iso.org/patents) or
ist of patent declarations received (see https://patents.iec.ch).

Any trade name used in this document is information given/for-the convenience of users and d
ronstitute an endorsement.

For an explanation of the voluntary nature of standards, the meaning of ISO specific ter
bxpressions related to conformity assessment, as\well as information about ISO's adher
the World Trade Organization (WTO) principles’ in the Technical Barriers to Trade (TH
lwww.iso.org/iso/foreword.html. In the IEC, see www.iec.ch/understanding-standards.

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

['his third edition cancels and replaces the second edition (ISO/IEC 23001-11:2019), which h
fechnically revised.

[he main changes are as follews:

— 6.2 related to complexity metrics for decoder-power reduction is amended by the specificat
new VVC SEI messdge carrying complexity metrics for decoder-power reduction.

— Clause 9 related to metrics for quality recovery after low-power encoding is amended
specification of additional metrics for quality recovery after low-power encoding in thg
added VVC SEI message.

— 6.3related to interactive signalling for remote decoder-power reduction is amended by add
syntax elements allowing a finer control by decoder of the encoding operations.
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Any feedback or questions on this document should be directed to the user’s national standards

body. A complete listing of these bodies can be found at www.iso.org/members.html and

www.iec.ch/national-committees.
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Introduction

This document specifies the metadata (green metadata) that facilitates reduction of energy usage
during media consumption as follows:

— the format of the metadata that enables reduced decoder power consumption;

— the format of the metadata that enables reduced display power consumption;

— the[Tormat of the metadata that enables media selection for joint decoder and display poOwel
reduction;

— the{format of the metadata that enables quality recovery after low-power encoding.

This metadata facilitates reduced energy usage during media consumption without any~degradatior]
in the quality of experience (QoE). However, it is also possible to use this metadata to getlarger energy
savingg, but at the expense of some QoE degradation.

The mefadata for energy-efficient decoding specifies two sets of information: complexity metrics (CM]
metadafta and decoding operation reduction request (DOR-Req) metadata. A deceder uses CM metadatd
to vary| operating frequency and thus reduce decoder power consumption.In a point-to-point vided
conferencing application, the remote encoder uses the DOR-Req metadata to modify the decoding
complekity of the bitstream and thus reduce local decoder power consuinption.

The mdtadata for energy-efficient encoding specifies quality metrics that are used by a decoder tq
reduce the quality loss from low-power encoding.

The mefadata for energy-efficient presentation specifies RGB-component statistics and quality levels. A
presentfation subsystem uses this metadata to reduce pewer by adjusting display parameters, based or
the staffistics, to provide a desired quality level from those provided in the metadata.

The mgtadata for energy-efficient media selection specifies DOR-Req parameters, RGB-componen{
statisti¢s and quality levels. The client in an adaptive streaming session uses this metadata to determine
decoder and display power-saving charactetistics of available video representations and to select the
represdntation with the optimal quality ford given power-saving.

vi © ISO/IEC 2023 - All rights reserved
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Information technology — MPEG systems technologies —

Part 11:
Energy-efficient media consumption (green metadata)

. Scope

['his document specifies metadata for energy-efficient decoding, encoding, presentation, and s¢lection
bf media.

P Normative references

[he following documents are referred to in the text in such a way that’some or all of their [content
constitutes requirements of this document. For dated references, only the edition cited applliies. For
indated references, the latest edition of the referenced document.(including any amendments) applies.

SO/IEC 14496-10, Information technology — Coding of audio-visual objects — Part 10: Advancgd video
Coding

SO/IEC 23008-2, Information technology — High efficiency coding and media delivery in heterogeneous
bnvironments — Part 2: High efficiency video coding

SO/IEC 23009-1, Information technology — Dynamic adaptive streaming over HTTP (DASH) — Part 1:
Vledia presentation description and segment formats

SO/IEC 23090-3, Information technology.— Coded representation of immersive media — Part 3: Yersatile
bideo coding

B Terms, definitions, symbols, abbreviated terms

3.1 Terms and definitions

For the purposes of this’'document, the terms and definitions given in ISO/IEC 14496-10, ISO/IEC 28008-2,
SO/IEC 23009-1,-ISO/IEC 23090-3 and the following apply.

SO and IEC myaintain terminology databases for use in standardization at the following addresges:

— 1SO.Online browsing platform: available at https://www.iso.org/obp

— AEC Electropedia: available at https://www.electropedia.org/

2 W b |

L.
alpha-point deblocking instance
APDI
single filtering operation that produces either a single, filtered output p', or a single, filtered output q'y,
where p'g and q'j are filtered samples across a 4x4 block edge

3.1.2

deblocking filtering instance

single filtering operation that produces either a single, filtered output p' or a single, filtered output q',
where p' and q' are filtered samples across an 8x8 and 4x4 block edge for HEVC and VVC, respectively

© ISO/IEC 2023 - All rights reserved 1
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3.1.3
decoding process
process that reads a bitstream and derives decoded pictures from it

Note 1 to entry: The decoding process is specified in ISO/IEC 14496-10, ISO/IEC 23008-2 or ISO/IEC 23090-3.

3.1.4
encoding process
process that produces a bitstream

Note 1 tp entry: The bitstream shall conform to ISO/IEC 14496-10, ISO/IEC 23008-2 or ISO/IEC 23090-3.

3.1.5
no-qualflity-loss operating point
NQLOP|
metadafta-enabled operating point associated with the largest display-power reductien ‘that can bq
achieve{d without any quality loss (infinite PSNR)

3.1.6
non-zefo block
block containing at least one non-zero transform coefficient

3.1.7
peak signal
maximyim permissible RGB component in a reconstructed frame

Note 1 tp entry: For N-bit video, peak signal is (2N - 1).

3.1.8
period
interval over which complexity-metrics metadata are.applicable

3.1.9
pixel
smallegt addressable element in an all-points;addressable display device

3.1.10
reconstructed frames

frames|obtained after applying RGB colour-space conversion and cropping to the specific decoded
picturelor pictures for which display power-reduction metadata are applicable

3.1.11
RGB component
single sample representing one of the three primary colours of the RGB colour space

3.1.13
six-tap|filtering
STF
single dpplication of the 6-tap filter to generate a single filtered sample for fractional positions using
the saniplesatinteger-sample positions

3.2 Symbols and abbreviated terms
3.2.1 Symbols

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

* multiplication

2 © ISO/IEC 2023 - All rights reserved
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integer division with truncation of the result toward zero. For example, 7 / 4 and -7 / -4
are truncated to 1 and -7 / 4 and 7 / -4 are truncated to -1

division in mathematical equations where no truncation or rounding is intended

3.2.2 Abbreviations

APDI alpha-point deblocking instance
ASIC application specific integrated circuit
AVC advanced video coding - ISO/IEC 14496-10
BMFF base media file format
CM complexity metric
CMOS complementary metal oxide semiconductor
CMP cubemap projection format
CPU central processing Unit
DASH dynamic adaptive streaming over HTTP
DOR-Ratio decoding operation reduction ratio
DOR-Req decoding operation reduction request
DVFES dynamic voltage frequency scaling
ERP equi-rectangular projection format
Fps frames per second
'S fresh start
;P good picturé
HEVC high efficiency video coding - ISO/IEC 23008-2
HCMP hemisphere cubemap projection format
Mbps mega bits per second
MPD media presentation description
MSD mean square difference
V motion vector
NQLOP no-quality-loss operating point
PSNR peak signal-to-noise ratio
QoE quality of experience
RBLL remaining battery life level
RGB red, green, blue

© ISO/IEC 2023 - All rights reserved
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SEI supplemental enhancement information

SP start picture

STF six-tap filtering

SSIM structural similarity index measure

VVvC versatile video coding - ISO/IEC 23090-3

XSD cross-segment decoding

wPSNR weighted peak signal-to-noise ratio

WS-PSNR weighted to spherically uniform peak signal-to-noise ratio

4 Copventions

4.1 Arithmetic operators

x) exponentiation
XAy division where no truncation or rounding is inténded

division where no truncation or rounding. is:intended

:Sf( i) summation of f(i) with i taking alldtiteger values from x up to and including y
IF¥X
i f(p) summation of f(p) with p taking all integer location values in a block B in a picturg
plin B
Modulus.
xoy

Remainder of x divided by y, defined only for integers x and y withx>=0and y >0

4.2 Relational operators

> greater than

>E greatefr than or equal to
< less‘than

<k less than or equal to
== ualto

gqual
I= not equal to

When a relational operator is applied to a syntax element or variable that has been assigned the value
"na" (not applicable), the value "na" is treated as a distinct value for the syntax element or variable. The
value "na" is considered not to be equal to any other value.

4.3 Bit-wise operators

X>>y arithmetic right shift of a two's complement integer representation of x by y binary digits

4 © ISO/IEC 2023 - All rights reserved
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This function is defined only for non-negative integer values of y. Bits shifted into the
most significant bits (MSBs) as a result of the right shift have a value equal to the MSB

of x prior to the shift operation.

X <<y arithmetic left shift of a two's complement integer representation of x by y binary digits

This function is defined only for non-negative integer values of y. Bits shifted into the

least significant bits (LSBs) as a result of the left shift have a value equal to 0.

1.4 Assignment operators

= assignment operator

++ increment, i.e., x++ is equivalent to x = x + 1; when used in an array index, evaly
the value of the variable prior to the increment operation

-- decrement, i.e., x- - is equivalent to x = x - 1; when used in dn,array index, eval
the value of the variable prior to the decrement operation

+= increment by amount specified, i.e., x += 3 is equivalgnt to x = x + 3, and x +3
equivalent to x = x + (-3)

-= decrement by amount specified, i.e., x —= 3/s equivalent to x = x — 3, and x -3
equivalent to x =x - (-3)

1.5 Range notation
X=y.zZ x takes on integer values stafting from y to z, inclusive, with x, y, and z being
numbers and z being greater than or equal to y

1.6 Mathematical functions

Mathematical functions are definéd-as follows:

-x, x<0
Abs(x)=
x, x =20
Clip() X, X <256
ip(x)=
P 255,+" otherwise
X ; 7Z <X
Clip3gx,y,z)=1<y ; z>y
z ; otherwise

Floor(x) is the greatest integer less than or equal to x

lates to

1ates to

(-3) is

(-3) is

integer

(4-1)

(4-2)

(4-3)

(4-4)

Log10(x) returns the base-10 logarithm of x
Round(x) = Sign(x) * Floor(Abs(x) + 0.5)

-1, x<0

Sign(x)={ L x>0

XV specifies x to the power of y

© ISO/IEC 2023 - All rights reserved
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power(x, y) specifies x to the power of y (4-9)

4.7 Specification of syntax functions and descriptors
The following function is used in the specification of the syntax:

read_bits( n ) reads the next n bits from the bitstream and advances the bitstream pointer by n bit
positions. When n is equal to 0, read_bits( n ) is specified to return a value equal to 0 and to not advance

the bitstreampointer

The following descriptors specify the parsing process of each syntax element:

— u(n): unsigned integer using n bits. The parsing process for this descriptor is specified by the returr
valie of the function read_bits( n ) interpreted as a binary representation of an unsigned integef
with most significant bit written first.

— s(n): signed integer using n bits. The parsing process for this descriptor is specified by the returr
valpie of the function read_bits( n ) interpreted as a two's complement integeT representation with
mopt significant bit written first.

5 Fupctional architecture

5.1 Description of the functional architecture

Figure |1 shows the functional architecture utilizing green:metadata. The media pre-processor is
applied|to analyse and to filter the content source and a video encoder is used to encode the content tq
a bitstrpam for delivery. The bitstream is delivered to theveceiver and decoded by a video decoder with
the output rendered on a presentation subsystem that\implements a display process.

transmitter receiver

- N
: media framework (encoder) [ I media framework (decoder) l
I ! [ . |
| media media media ! | media media presentation | |
I pfe-processor encoder encoded i I encoded decoder subsystem I
| 7 media _I | media v v |
S N I I 1

! N i !

green greén | | |

metadata meftadata | | 0 I |

generator generator | | | |

I I I

I R I I

I I I

I M green I I

| metadata | |

power power | grezn A grezn extractor power power
gontrol control | metadata metadata \L | control | control
power optimization module 1 power optimization module
|
green green
metadata \Y% metadata
extractor green green generator
feedback E feedback

Figure 1 — Functional architecture
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The green metadata is extracted from either the media encoder or the media pre-processor.

023(E)

In both

cases, the green metadata is multiplexed or encapsulated in the conformant bitstream. Such green
metadata is used at the receiver to reduce the power consumption for video decoding and presentation.
The bitstream is packetized and delivered to the receiver for decoding and presentation. At the receiver,
the metadata extractor processes the packets and sends the green metadata to a power optimization
module for efficient power control. For instance, the power optimization module interprets the green
metadata and then applies appropriate operations to reduce the video decoder’s power consumption
when decoding the video and to reduce the presentation subsystem’s power consumption when
rendering the video. In addition, the power-optimization module can collect receiver information, such

AS remalning battery capacity, and send It to the transmitter as green feedback to adapt the
bperations for power-consumption reduction.

b.2 Definition of components in the functional architecture
breen metadata generator
— Generates metadata from either the video encoder or the content pre-processor.

breen metadata extractor

receiver.
breen feedback generator

— Generates feedback information for the transmitter.

processing.
breen feedback extractor

— Receives the feedback from the;teceiver and sends it to the power optimization modulg
transmitter.

bower optimization module.itnthe transmitter

— Collects platform statistics such as the remaining battery capacity of the device in wh
transmitter resides.

— Controls thefoperation of the green metadata generator, video encoder and content pre-pro
— Processésgreen feedback.
bower optimization module in the receiver

— “Rrocesses the green-metadata information and applies appropriate operations for
consumption control.

bncoder

['he normative aspect of this document is limited to the green metadata and green feedback in Figure 1.

— Interprets the bitstream syntax information and sends it tg.the power optimization module in the

— Communicates with the transmitter through-a feedback channel, if available, for energy-eéfficient

b in the

ich the

Cessor.

power-

— Collects platform statistics such as remaining battery capacity of the device in which the receiver

resides.

— Sends requests to green feedback generator.

© ISO/IEC 2023 - All rights reserved
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6 Decoder power reduction

6.1 General

Energy-efficient decoding is achieved with two types of metadata: complexity metrics (CMs) metadata
and decoding operation reduction request (DOR-Req) metadata. A decoder may use CMs metadata
to vary operating frequency and thus reduce decoder power consumption. In a point-to-point video
conferencing application, the remote encoder may use the DOR-Req metadata to modify the decoding
complexity of the bitstream and thus reduce local decoder power consumption.

6.2 Cpmplexity metrics for decoder-power reduction

6.2.1 |General

With rgspect to the functional architecture in Figure 1, the green-metadata generatorprovides CMs
that indicate the picture-decoding complexity of an AVC, HEVC or VVC bitstream to the)decoder.

6.2.2 |Syntax
The sy1jtax for the AVC CMs is described in Table 1.

Table 1 — Syntax for the AVC CMs

Descriptor
period| type u(8)
if ( (period type = = 2) || ( period type = =7 ) ) {
num_seconds u(le6)
}
else iff ( (period type = = 3) || ( period type = =8 ) ) {
num_pictures u(lo)
}
if ( ppriod type = = 8 ) {
temppral map u(8)
for |( t=0; t<8; t++ ) {
if|] ( (temporal map>>t)%2)= = 1 )
hum pictures_in temppral layers[ t ] u(lo)
}
}
if (pdqriod type<= 3 ) {
portfion_non<{zero_ 8x8 blocks u(8)
portfion_intra predicted macroblocks u(8)
portfion 'six tap_ filterings u(8)
portiion’ alpha paint deblacking instances un(8)
}
else if (period type= = 4 ) {
for ( 1i=0; i<= num slice groups minusl; i++ ) {
num_slices_minusl[ i ] u(le)
}
for ( 1i=0; i<= num slice groups minusl; i++ ) {
for ( j=0; j<=num slices minusl[ i ]; j++ ) {
first mb _in slice[ i ][ j 1] u(le)
portion_non_zero_8x8 blocks[ i ][ J 1 u(8)

© ISO/IEC 2023 - All rights reserved
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Table 1 (continued)
portion_intra predicted macroblocks[ i ][ j 1] u(8)
portion_six tap filterings[ i ][ J 1] u(8)
portion_alpha point deblocking instances[ i ][ J 1 u(8)

}

cise Tt period type >= 5 && (period type <= 98

]

num layers minusl

for

{

( 1=0; 1<= num layers minusl; 1++ )

picture_parameter_ set id[ 1 ]

priority id[ 1 ]

)
dependency_id[ 1 ] . u(3)
quality id[ 1 ] -2 |uw
temporal id[ 1 ] ,O u(3)
portion_non_zero_8x8 blocks[ 1 ] .W u(8)
portion_intra predicted macroblocks[ 1 ] ,.U\ u(8)
portion_six tap filterings[ 1 ] &\'J u(8)
portion_alpha point deblocking instances[ 1 ] , O\ u(8)
) o)
) \f<
[he syntax for the HEVC CMs is described in Table %S\
&
Table 2 — Syntax for the HEVC CMs
N4}
,-\A\ Descriptor
period_type N \U u(8)
if ( period type = 2) A : C)\‘
num_seconds X A\§ u(le)
} .
else 1f ( period_typ%@? 3 ) |
num_pictures ,\V u(l6)
) \@V
if (period t =3 ) {
portion_@a.\_/zero_blocks_area u(8)
if | Ion_non_zero_blocks_area =0 ) {
&@Yon_Sx8_blocks_in_non_zero_area u(8)
X rtion_16x16_blocks_in non_zero_area u(8)
('O portion 32x32 blocks in non zero area u(8)
}
portion_intra predicted blocks_area u(8)
if ( portion intra predicted blocks area = = 255 ) {
portion_planar blocks_in_intra_area u(8)
portion_dc_blocks _in intra area u(8)
portion_angular hv blocks_in_intra area u(8)
}
else {
portion_blocks_a c_d n filterings u(8)
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Table 2 (continued)

portion _blocks h b filterings

portion blocks f i k g filterings

portion_blocks_j_filterings

portion blocks e g p r filterings

}

portion_deblocking_ instances

}

else iff (period type= = 4 ) {

max_pum slices_tiles minusl

for |[( £=0; t<=max num slices tiles minusl; t++ ) {

first ctb_in slice_or_tile[ t ]

pofrtion_non_zero_blocks_area[ t ]

N4
if] ( portion non zero blocks areal[ t ] != 0 ) { q D
portion 8x8 blocks_in non_zero area[ t ] /C) " u(s)

portion_16x16_blocks_in non_zero_area[ t ]

elke {

portion 32x32 blocks_in non_zero_area[ t ] pO\ u(8)
} g(\\:)
pofrtion_intra predicted blocks_area[ t ] , O\ u(8)
if] ( portion intra predicted blocks areal t ] = = 25;/\5(7)\({
portion planar blocks_in intra area[ t ] ‘\Y - u(8)
portion dc blocks_in_intra_area[ t ] k&‘ u(8)
portion_angular_hv_blocks_in_intra_area[ t ] N u(8)
N
} \\\\

portion _blocks_h b_filterings[ t l]\u

portion blocks f i k g fil terj{{ﬁs\‘[ t ]

bortion blocks j filterings[(t)']

portion_blocks_e_g p_r_ filterings[ t ]

} O

portion_deblocking_igiéga)tces [ £ 1] u(8)
) o
} o
N .
The synjtax for the@t CMs is described in Table 3.
%Q Table 3 — Syntax for the VVC CMs
£X
%\ Descriptor
period_type u(4)
granularity_type u(3)
extended_representation_flag u(l)
if ( period type = = 2 ) {
num_seconds u(le)
}
else if ( period type = = 3 ) {
num_pictures u(le)
}
10
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Table 3 (continued)

if ( granularity type = = 0 ) {

portion_non_zero blocks_ area

portion_non_zero_transform coefficients_area

portion_intra predicted blocks_area

portion_deblocking instances

portion_alf filtered blocks

if ( extended rmrracarﬁ-:f%r\n 'F'I:r:}f <

if ( portion non zero blocks area != 0 ) {

portion_non_zero 4 8 16 blocks_area

portion_non_zero_32_ 64_128 blocks_area

portion_non_zero 256_512 1024 _blocks_area

portion_non_zero_ 2048 4096 blocks_area (\Q u(8)
} n(bv
if ( portion intra predicted blocks area < 255 ) { /C) v
portion_bi_and gpm predicted_blocks_area \(O u(8)
portion_bdof blocks_area pO\ u(8)
} g(\\:)
portion_sao_filtered blocks , O\ u(8)
} Ao‘(
} \\§<
else if ( granularity type <= 3 ) { S\ »
max_num_segments_minusl \{\Q) u(le)
for ( t=0; t<:max_num_segments_minus1;A“c\'\%- ) |
segment_address[ t ] :\Q\ u(lé)
portion_non_zero_blocks_ areal ;.\]4‘ u(8)
portion_non_zero_transform_gé%ficients_area[ t ] u(8)
portion_intra _predicted_g{@s_area[ t ] u(8)
portion_deblocking_instandes[ t ] u(8)
portion_alf_fi1terei‘§q.écks[ t ] u(8)
if extended_reg}l@?;ltation_flag ) {
if ( portionﬂ&_zero_blocks_area[ t ] !'=0) {
portion*@r:zero_4_8_l6_blocks_area[ t ] u(8)
port@on_zero_32_64_128_blocks_area[ t ] u(8)
portioh non_zero_256_512_1024_blocks_area[ t ] u(8)
Amion_non_zero_Z048_4096_blocks_area[ t ] u(8)
‘RV
&Wf ( portion intra predicted blocks area[ t ] < 255 ) {
(O . portion_bi_and gpm predicted_blocks_ area[ t ] u(8)
portion_bdof blocks_area[ t ] u(8)
}
portion_sao_filtered blocks[ t ] u(8)

© ISO/IEC 2023 - All rights reserved
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6.2.3 Signalling

SEI messages can be used to signal green metadata in an AVC, HEVC or VVC stream. The green metadata
SEI message payload type is specified in ISO/IEC 14496-10, ISO/IEC 23008-2, and ISO/IEC 23090-3. The
complete syntax of the green metadata SEI message payload is specified in Annex A.

The message containing the CMs is transmitted at the start of an upcoming period. The next message
containing CMs is transmitted at the start of the next upcoming period. Therefore, when the upcoming
period is a picture or the interval up to the next I-slice, a message is transmitted for each picture or
interva > rncpnr‘fivn]y I—lnulnvnr’ when the npr‘r\ming pprinﬂ is 2 cpnr‘ifinﬂ time interval or a Cpnr‘ifinr
numbef of pictures, the associated message is transmitted with the first picture in the time interval o
with thg first picture in the specified number of pictures.

6.2.4 |Semantics

6.2.4.1| AVC semantics
The serhantics of various terms are defined below.

period_|type specifies the type of upcoming period over which the complexity metrics are applicablg
and is defined in the Table 4.

Table 4 — specification of period_type‘for'AVC

Value Description

0x00 complexity metrics are applicable to a single picture

0x01 complexity metrics are applicable to all pictures in decoding order, up to (but not including)
the picture containing the next I slice

0x02 complexity metrics are applicable over aSpecified time interval in seconds

0x03 complexity metrics are applicable ovéra specified number of pictures counted in decoding
order

0x04 complexity metrics are applicable to a single picture with slice granularity

0x05 complexity metrics are applieable to a single picture with scalable layer granularity

0x06 complexity metrics are applicable to all pictures in decoding order, up to (but not including)
the picture containinig-the next I slice in the base layer with scalable layer granularity

0x07 complexity metrics dare applicable over a specified time interval in seconds with scalable layer
granularity

0x08 complexity'metrics are applicable over a specified number of pictures counted in decoding

order witlpscalable layer granularity
0x09-0xFF userédefined

num_s¢gconds indicates the number of seconds over which the complexity metrics are applicable wher
period_typedsZ or 7.

num_pictures indicates the number of pictures, counted in decoding order, over which the complexity
metrics are applicable when period_type is 3 or 8. When period_type is 8, this is a default number o
pictures for each temporal layer, which can be overridden using temporal_map flags.

N icsinperiod SPecifies the number of pictures in the specified period. When period_type is 0 or 4, then
NiicsInPeriod is 1. When period_type is 1, then Npj.qnperioq is determined by counting the pictures in
decoding order up to (but not including) the one containing the next I slice. When period_type is 2,
then Npicqinperiog IS determined from the frame rate. When period_type is 3, then N g periog 1S €qual to

num_pictures.
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N bsinperiod SPecifies the total number of macroblocks that are coded in the specified period. It is
determined by the following computation:

NpicslnPeriod

NbsinPeriod = 2 Nbsinpic (n) (6-1)
n=1

where N, npic(n) is set to the value of the AVC variable PicSizeInMbs for the nth picture within the
specified period, where 1 <= n <= Ny qinperiod-

femporal_map indicates which temporal layer has a different number of pictures from num_picfures in
'he specified period, when period_type is 8.

hum_pictures_in_temporal_layers[ t ] indicates the number of pictures in the specified period fof the tth
femporal layer when period_type is 8. When not present, it is equal to num_pictures.

or| t] specifies the number of pictures in the specified periad for the tth tgmporal

type is 5 then NjiqnperiodrortempLayerl t 1 is 1. When Jperiod_type is (6, then
VpicslnperiodFofrempLayer[ t]is dgtermi.nec{’ by counting the.pictures associ.ated to the tth‘ tempora} layer in
lecoding order up to (but not including) the one containing the next I slice.: When period_type is 7, then
[V [ t]is determined from the frame rate associated to the tth temporal layef. When

picsinPeriodForTempLayer - . )
period_type is 8, then NpicqnperiodFortempLayerl t ] 1S €qual to num_pictures_in_temporal_layers[ g].

VpicsInPeriodFOI’l‘em}_)chxf/
ayer. When perio

bortion_non_zero_8x8_blocks indicates the portion of 8x8 blocks'with non-zero transform coefficients
palues in the specified period and is set equal to P, 7.,0sx8Biks defined as follows:

NnonZeronSBlks
PyonzZerogx8Biks = Floor £ N *255 (6-2)
mbsInPeriod

where N, 7.r08x8Biks 1S the number of 8x8 blocks with non-zero transform coefficients valuep in the
specified period. N, zer08x881ks 1S derived frem portion_non_zero_8x8_blocks and N, pnperioh in the
lecoder.

bortion_intra_predicted_macroblocks indicates the portion of intra-predicted macroblocks| in the
bpecified period and is set equal to.Pyj,;..mps defined as follows:

N.
PitraMbs = Floor(L"’Ibs * 255] (6-3)

mbsInPeriod

where N, ...mpbs 1S the number of intra-predicted macroblocks in the specified period. Ni }t.amps 1S
lerived from portiéh,intra_predicted_macroblocks and N, ;1 perioq iR the decoder.

bortion_six_tap filterings indicates the portion of 6-tap filterings (STFs) in the specified periofl and is

set equal tQ P, opie defined as follows:

Niixraprilt
sixTapFi *955 (6-4)
NmaxSixTapFiltInPeriod

PsixTapFilt =Floor

WIETE N, SixTapFiltinPeriod 15 UHE Maximum number of STFS That can occur within the specified period
and is derived from N, perioq Variable as

NmaxSiXTapFiltlnPeriod = ( 1664 * NmbsInPeriod) (6'5)

and N

sixTapFilt 1S the number of 6-tap filterings (STFs) within the specified period. Guidance for the
counting of N,

sixTapFilt a1l be found in Annex B. N, r, iy is derived from portion_six_tap_filterings and
NmaxSixTapFiltlnPeriod in the decoder.
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portion_alpha_point_deblocking_instances indicates the portion of alpha-point deblocking instances
(APDIs) in the specified period and is set equal to Py, peppes defined as follows:

N alphaPtDbfs

PalphaPtDbfs =Floor *255 (6-6)

NmaxAlphaPtDbstnPeriod

{\ImaXAlphaptDbfslnperiod is the maximum numper of APDIs that can occur within the specified period and
is derived from N 1nperiod AN Schrmule Variables as

ya

N hxAlphaPtDbfsInPeriod — T28™ S irMult - ¥ mbsinPeriod (6-7]

Schrmurcldepends on the AVC variables separate_colour_plane_flag and chroma_format_idc as shown ir
the Table 5.

Table 5 — specification of S, .1 for AVC

SehdMult separate_colour_plane_flag chroma_format_idc Comment
| 0 0 monochrome
15 0 1 4:2:0 sampling
p 0 2 4:2:2 sampling
B 0 3 4:4:4 sampling
B 1 any value separate colour plane

N,iphapdpbrs is the number of APDIs in the specified period. Using the notation in ISO/IEC 14496-10, this
is equivalent to the total number of filtering operations applied to produce filtered samples of the typse
p'g or qfy, in the specified period. N,j,p,.peppss is derived from portion_alpha_point_deblocking_instances
and Nm hx AlphaPtDbfsInPeriod in the decoder.

num_slices_minus1 plus 1 indicates the number of'slices per slice_group in the picture.
first_mp_in_slice[ i][j ] indicates the first mactoblock number in the slice[i][j ].

N bsinslicel 11] 7] is the total number of macroblocks that are coded in the slice[ i ][ j ] and is determined
by the fpllowing computation:

— if num_slice_groups_minus]1 is\equal to 0, the following process described in pseudo-code applies.

if (]<num_slices minusLf0])
Noktnsiice [01[3] = fixst/ mb in slice[0] [j+1] - first mb in slice[0][]]
else
Nopdns1i0e[01[3] #P¥cSizeInMbs — first mb_in slice[0][]] (6-8]

— otherwise (Mum_slice_groups_minus1 is not equal to 0), and after derivation of the macroblock tg
slige group-map (MbToSliceGroupMap) as specified in ISO/IEC 14496-10:2022, 8.2.2.8, the following
prdcess described in pseudo-code applies:

k=0;
if (jJ<num slices minusl[i])
for ( n=first mb in slice[i][j]; n<first mb in slice[i] [j+1]; n++ )

if ( MbToSliceGroupMap[first mb in slice[i][j]] = = MbToSliceGroupMap[n] )
k++; -
NmbsInSlice[i] [j} = k;
else
for ( n=first mb in slice[i][]j]; n<PicSizeInMbs; n++ )
if ( MbToSliceGroupMap[first mb in slice[i][j]] = = MbToSliceGroupMap[n] )
k++;
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NmbsInSlice[j‘] [jJ = k; (6'9)

portion_non_zero_8x8_blocks[ i ][ j ] indicates the portion of 8x8 blocks with non-zero transform
coefficients values in the slice[ i ][ j ] and is set equal to P, ,7.r08x8m1ksL 1 ][ J ] defined as follows:

; : NnonZer08X8Blks [ i ][ j ]

PronzerosxsBiks [ 11 J ]=Floor N —r = 255 (6-10)
mbsInSlice [ 1 ][ ) ]

rvhere N i1 ilisthe number of 8x8 blaocks with non-zero transform coefficients values

NonzZerooxXobIKSL JLJ
n the slice[ i ][ j ]. Nyonzerosxsniksl 1 ][ j ] is derived from portion_non_zero_8x8_blocks[ i"}f|j ] and

VmbslnSlice[ i ][] ] in the decoder.

portion_intra_predicted_macroblocks[i][j]indicates the portion of macroblocks usingintra pr¢diction
modes in the slice[ i ][] ] and is set equal to P, ..mps[ 1][j ] defined as follows:

o N; [i][j]
b —F] intraMbs *255 6-11
intraMbs [ 1 ][ ) ] OOI'[NmbsInSlice [ i ][ ) ] } | |

where Ni,..ampsl 1 ][ j ] is the number of macroblocks using intra predietion modes in the slice[ i ][ j ].
Vinirambsl 117 ] is derived from portion_intra_predicted_macroblocks[i][j ] and N pqinsiicel 1101 in the

Hecoder.

portion_six_tap_filterings[i][ j ] indicates the portion of 6-tdp filterings (STFs) in the specified plice[ i ]
j ] and is set equal to Pg;yr,ppiie[ 1][ ] defined as follows:

Nsixraprite [ 111 ]'_]][ ]-]*ZSSJ (6-12)

maxSixTapFiltInSlice [ 1

PsixTapFilt [ i ][ j ]:FIOOF(

] is the maximum number of STFs that can occur in the slice[ i ][ j|] and is

where NmaxSixTapFiltlnSlice[ i ][ ] ;
j ] variable as

lerived from NmbsInSlice[ il

NmaXSixTapFiltlnSlice[ i ][] ] =1664 * NmbslnSlice[ i ][ ] ] (6'13)

And Ngjyroppiel 11[7 ] is the number of 6-tap filterings (STFs) within the slice[ i ][ j ]. Guidance| for the
founting of N p i 1][j ] ¢an'be found in Annex B. N p,ppiie[ 1 ][] ] is derived from portion_ix_tap_
filterings[i][j] and N, [i][j]in the decoder.

maxSixTapFiltInSlice

portion_alpha_point_ deblocking_instances|[ i ][ j ] indicates the portion of alpha-point dellocking
nstances (APDIs) iothe specified slice[ 1 ][ j ] and is set equal to P,jpp.peppss[ 11[ ] ] defined as follows:

NalphaPtDbfs [ i ][ j ]

PalphaPtDbfs [ 1 ][ j ]: Floor

——*255 (6-14)
NmaxAlphaPtDbstnSlice [1]0]

where Ny ay alphaptbfsinslicel 1]
s dérived from N [i]]

mbsInSlice

NmaXAlphaPtDbfslnSlicel LIETT= 148 7 SchrMmult ™ VmbsinSlicel 1L ] (6'15)

[j]is the maximum number of APDIs that can occur in the slice[i][j] and
j ] and S, M variables as

and N, napiobisl 1 ][ J ] is the number of alpha-point deblocking instances (APDIs) in slice[ i ]
[j1 N}a)lphaptDbe[ i ][ j ] is derived from portion_alpha_point_deblocking_instances[ i ][ j ] and

NmaXAlphaPtDbfslnSlice[ i ][] ] in the decoder.

num_layers_minus1 plus 1 indicates the number of scalable layers in the associated picture or in the
specified period.

pic_parameter_set_id[ 1 ] indicates the picture parameter set in use for the Ith scalable layer.
The value of pic_parameter_set_id[ |1 ] shall be in the range of 0 to 255, inclusive (as specified in
ISO/IEC 14496-10:2022, 7.4.3).
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priority_id[ 1 ] indicates a priority identifier for the NAL unit in the Ith scalable layer. The value of
priority_id[ 1] shall be in the range of 0 to 63, inclusive (as specified in ISO/IEC 14496-10:2022, G.7.3.1.1).

dependency_id[ 1] indicates a dependency identifier for the NAL unit in the 1th scalable layer. The value
of dependency_id[ 1 ] shall be in the range of 0 to 7, inclusive (as specified in ISO/IEC 14496-10:2022,
G.7.3.1.1).

quality_id[ 1] indicates a quality identifier for the NAL unit in the Ith scalable layer. The value of quality_
id[ 1] shall be in the range of 0 to 15, inclusive (as specified in ISO/IEC 14496-10:2022, G.7.3.1.1).

temporpl_id[ 1] indicates a temporal identifier for the NAL unit in the Ith scalable layer. The valueof
temporpl_id[ 1] shall be in the range of 0 to 7, inclusive (as specified in ISO/IEC 14496-10:2022, G.7.3:1,1)

portion| non_zero_8x8_blocks[ 1 ] indicates the portion of 8x8 blocks with non-zero transforn
coefficipnts values in the Ith scalable layer and is set equal to P, ,,7.r08xsp1ksl 1 ][] ] defined as follows:

*I\I,\;IOHZQFO8X83H(S [ 1 ] *955 (6-16:

Prohzero8x8Blks [ 1]=Floor 1
mbsInLayerInPeriod [ ]

N,

mbsInLpyerInPeriod

and is derived from NmbsInLayerInperiod

[1] is the total number of macroblocks in the Ith scalable layei<in the specified period
[1]and N [ tempotral'id[1] ] as

picsInPeriodForTempLayer

Nm bsInLayerInPeriod [ 1 ] = NmbsInLayer [ 1 ]* NpicsInPeriodForTempLayer[ temporal_id[ 1 ] ] (6'17:

where N, pnLaverl | 1 is the total number of macroblocks in thedthscalable layer and determined aftey
derivatjon of tfle number of macroblocks associated with pic_parameter_set_id[ | ], as specified ir
ISO/IE(Q 14496-10:2022, 7.4.3.

Nponzerésxspiksl | ] is the number of 8x8 blocks withxnon-zero transform coefficients values in thg
Ith scalpble layer in the specified period. It is derived from portion_non_zero_8x8_blocks[ 1 ] and
N [1]in the decoder.

mbsInLpyerInPeriod

portion| intra_predicted_macroblocks[ 1 ] indicates the portion of macroblocks using intra predictior]
modes {n the Ith scalable layer and is set equalto P, ..mps[ 1 ][ j ] defined as follows:

N; 1
Pingramps [ 1 ]=Floor intragos | 1) *255 (6-18]
NmbsInLayerInPeriod [ 1 ]

Niperamils[ 11 is the number of macroblocks using intra prediction modes in the 1th scalable layer in the
specifigd period. It is deriyed4rom portion_intra_predicted_macroblocks[ 1] and Nppqini.ayerinperioal 1|
in the decoder.

portion| six_tap_filtérirgs[ 1 ] indicates the portion of 6-tap filterings (STFs) in the specified Ith scalablé
layer infthe specified period and is set equal to Py p, [ 11[j ] defined as follows:

p N sixTapFilter [ 1 ]

S

—

N maxSixTapFiltInLayerInPeriod

ixfTapFilt [] ]ZF]OOI‘[ (1] *255] (6-19]

NmaxsleapFlltInLayerlnpemd[ 1] is the maximum number of STFs that can occur in the Ith scalable layer in

the specified period and is derived from Nypnp ayerinperioal 1 ] variable as

NmaxSixTapFiltInLayerInPeriod[ 1 ] =1664* NmbsInLayerlnPeriod[ 1 ] (6'20)

Niixraprirel 1] is the number of 6-tap filterings (STFs) within the 1th scalable layer in the specified period.
Guidance for the counting of Ng;,r,opii[ 1 ] can be found in Annex B. It is derived from portion_six_tap_

filterings[ 1] and Ny, ysixrapFiltinLayerinperioal 1 ] in the decoder.
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portion_alpha_point_deblocking_instances| 1] indicates the portion of alpha-point deblocking instances
(APDIs) in the specified Ith scalable layer in the specified period and is set equal to Pyiphapeobesl 1107 ]
defined as follows:

Naiphaptobs [ 1]

PalphaPtDbfs [ 1 ]=Floor

*255 (6-21)
N maxAlphaPtDbfsInLayerInPeriod [ 1 ]

NmaxAlphaPtDbfsinLayerinPeriodl | ] 1S the maximum number of APDIs that can occur in the I*h scalable layer
in the specified period and is derived from N, «1 averinperiodl | ] @1d S muie Variables as

- * *
NmaXAlphaPtDbfslnLayerInPeriod[ 1 ] =128 SchrMult NmbsInLayerInPeriod[ 1 ] (6'22)

Vaiphaptobrsl 1 1 is the number of alpha-point deblocking instances (APDIs) in the Ith scalable layer

n the specified period. It is derived from portion_alpha_point_deblocking,instances[ | ] and
VmaXAlphaPtDbfslnLayerInPeriod[ 1 ] in the decoder.

.2.4.2 HEVC semantics
[he semantics of various terms are defined below.

period_type specifies the type of upcoming period over which thé-complexity metrics are applicable
hind is defined in the Table 6.

Table 6 — specification of period_type for HEVC

Value Description

0x00 complexity metrics are applicable to a(Single picture

0x01 complexity metrics are applicableto-all pictures in decoding order, up to (but not includiing)
the picture containing the nextJslice

0x02 complexity metrics are applicable over a specified time interval in seconds

0x03 complexity metrics are applicable over a specified number of pictures counted in decoding
order

0x04 complexity metrids are applicable to a single picture with slice or tile granularity

0x05-0xFF reserved

num_seconds indicates the'number of seconds over which the complexity metrics are applicable when
beriod_type is 2.

hum_pictures indicates the number of pictures, counted in decoding order, over which the complexity
metrics are applicable when period_type is 3.

Voicsinperiod 15 the number of pictures in the specified period. When period_type is 0, then Np,;dinperiod
s 1. Whelyperiod_type is 1, then Np;qinperioq IS determined by counting the pictures in decoding order
ip to\fbut not including) the one containing the next I slice. When period_type is 2, then N;cqperiod 1S
etermined from the frame rate. When period_type is 3, then Np;.qnperioq IS €qual to num_pictures.

N4 4BIksinPeriod 1S the total number of 4x4 blocks that are coded in the specified period.

It is determined by the following computation:

NpicslnPeriod
Naxabisinperiod = O, Naxapikspic () (6-23)
n=1
where Ny pispic(n) is derived for the nth picture within the specified period, with 1 <=n <= Npicsinperiod
, from HEVC variables CtbLog2SizeY and PicSizelnCtbsY as follows:
N4X4B]kSPiC(n) = SpicInCtb * thbs (6'24‘)
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where

— Ny issetequal to (1 << (CtbLog2SizeY - 2) )2

Spicinctb 1S set equal to PicSizeInCtbsy.

portion_non_zero_blocks_area indicates the portion of area covered by blocks with non-zero transform
coefficients values, in the pictures of the specified period, using a 4x4 blocks granularity and is set

equal to P, 7eroBiksarea defined as follows:
P =Fl NnonZeroBlks %955 605
nohZeroBlksArea — I'100T ( Ul
4x4BlksInPeriod

where N, ,17eroBIks 1S the number of blocks with non-zero transform coefficients values in thie specified

period fising 4x4 granularity. At the encoder side, N, ;,7.r0p1ks 1S cOmputed as follows:

— *
Nnc nZeroBlks — NnonZero4x4Blks +4 NnonZer08x8Blks

(6-26]
+ 16>|<NnonZer016x1681ks + 64*NnonZero32x3ZBlks

where ’vnonZero4x4Blks’ NnonZ_eronBBlks’ NnonZer016x16B1ks' NpopZeroBZxBZBlks are the_ number of 4x4, _8_)(8
16x16 and 32x32 blocks with non-zero transform coefficients values, fespectively, in the specified

period.
Ny onzerdpiks 1S derived from portion_non_zero_blocks_area and Nyggisinperioq 1N the decoder.

portion| 8x8_blocks_in_non_zero_area indicates the portion ef.8x8 blocks area in the non-zero area i
the spefified period and is set equal to P, ,7cr08x881ks definéd.as follows:

4*N
Pno hZero8x8Blks — F]OOI‘( nonzero8x8Blks x 255) (6-27]

nonZeroBlks

When not present, it is set equal to 0.

N, onzerbsxspiks IS the number of 8x8 blocks with non-zero transform coefficients values in the specified

period.[It is derived from portion_8x8_ljlocks_in_non_zero_area and N ,7.-051ks N the decoder.

portion| 16x16_blocks_in_non_zere.area indicates the portion of 16x16 blocks area in the non-zerd
area in fhe specified period and.is set equal to P, 7..016x16B1Kks d€fined as follows:

16 * Niyonzero16x16Blks 7
Poohzero16x16BIks = Flo@D *255 (6-28]

nonZeroBlks

When rlot present, iScequal to 0.

Nponzerdi6x16Bkeis the number of 16x16 blocks with non-zero transform coefficients values in thg

specifiqd period. It is derived from portion_16x16_blocks_in_non_zero_area and N, ,7eropiks IN the
decodef.

portion_32x32_blocks_in_non_zero_area indicates the portion of 32x32 blocks area in the non- zero
area in the specified period and is set equal to P 70103253281k defined as follows:

PhonZero32x32BIks = Floor
nonZeroBlks

[64* NnonZero32X3ZBlkS *ZSSJ (6_29)

When not present, it is set equal to 0.

Ny onzero32x32BIks 1S the number of 32x32 blocks with non-zero transform coefficients values in the
specified period. It is derived from portion_32x32_blocks_in_non_zero_area and N,,,zcroBiks iD the
decoder.
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N

nonZero4x4Blks 1S the number of 4x4 blocks with non-zero transform coefficients values in the specified

peI'lOd. Nnc_)nZero4x4Blks is derived from NnonZeroBlks' NnonZeronSBlks' NnonZer016x16Blks and NnonZero32x3281ks
as follows in the decoder:

NnonZero 4x4Blks — NnonZeroBlks - 4'*NnonZero 8x8BIlks (6 30)

- 16*NnonZer016x16Blks - 64'*NnonZero32x32Blks

portion_intra_predicted_blocks_area indicates the portion of area covered by intra predicted blocks in
the pictures of the specified period using 4x4 granularity and is set equal to P;;..gxs defined as follows:

_ 4*N intraBlks  «
PintraBiks = Floor 255 (6-31)
N4x4BlkslnPeriod

VintraBlks 1S the number of intra predicted blocks in the specified period using 8x8 granularity. At the

encoder side, it is computed as follows:

NintraBlks = NintraSXSBlks +4*Nintra16x16Blks +16*Nintra32x32Blks (6 32)

+64™Nintra6ax64Blks

where Niyiragygiks Nintraiexi6Biks' Nintraszx32piks 30d Niperagaxespiks-ar€ the number of intra priedicted
Bx8, 16x16, 32x32 and 64x64 blocks respectively, in the specified‘period.
.

intraBlks 1S derived from portion_intra_predicted_blocks_area and Ny, 4gksimperiog i the decoder.

portion_planar_blocks_in _intra_area indicates the portion of planar blocks area in the intra prledicted

area in the specified period and is set equal to Ppj,pagitsinintra defined as follows:

N

planarBlks

PplanarBlksInIntra = FlOOI‘( . *255) (6-33)
intraBlks

When not present, it is set equal to 0.

VolanarBiks 1S the number of intra planar predicted blocks in the specified period using 4x4 grarfularity.

At the encoder side, it is computedias’follows:

NplanarBlks = Nplanar4x4Blks + 4'*NplanarBXBBlks + 16*Nplanar 16x16Blks (6 34)
+ 64*Nplar1ar32x32 Blks T 256 >kNplanar64x 64Blks

where Nplanar4X4Bl_ks' Nplanar8x8Blks' N lanar16x16Blks’ Nplanar32x32Blks and Np_lanar6flx64Blks are_t_he nu mber of
ntra planar predicted 4x4, 8x8, 16x{6, 32x32 and 64x64 blocks respectively, in the specified pgriod.

V

planarBlks iSderived from portion_planar_blocks_in_intra_area and Nj,,pxs in the decoder.

portion.dc) blocks_in_intra_area indicates the portion of DC blocks area in the intra predicted|area in
the spécified period and is set equal to Ppcgjsininira defined as follows:

P el NDCBIKs  soec ) 635)
T DUBIKsInIntra — * ™% L4‘ * N Bl :..UUJ
intraBlks

When not present, it is set equal to 0.

Npcpiks is the number of intra DC predicted blocks in the specified period using 4x4 granularity. At the
encoder side, it is computed as follows:

— * *
Npceiks = Npcaxabiks T4 NpesxsBiks T 16*Npc16x16BIks (6-36)

+64*Np32x328Blks T256*NpceaxeaBiks

where Npcaypics NpesxsBiks NVpciesxieiks: Npesaxszeiks a0d Npceaxespiks are the number of intra DC
predicted 4x4, 8x8, 16x16, 32x32 and 64x64 blocks respectively, in the specified period.
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Npcpiks 1S derived from portion_dc_blocks_in_intra_area and Nj,,,p)xs i the decoder.

portion_angular_hv_blocks_in_intra_area indicates the portion of angular horizontal or vertical blocks
area in the intra predicted area in the specified period and is set equal to Pyypjksininira defined as
follows:

NuvBik
PyvBiksinintra = FIOOI'(*N—S*ZSS (6-37)
intraBlks

Wh b e dnn . 1 4 raY
en notpresent s setequar to v

NangularHVBlks is the number of intra angular horizontally or vertically predicted blocks in the specified

period ysing 4x4 granularity. At the encoder side, it is computed as follows:

Nan gularHVBIks — {¥angularHV 4x 4Blks + 4'*NangularHV8x8 Blks T 16 >kNangularHV 16x16Blks (6-38]

+ 64*NangularHV32X32Blks +2 56*NangularHV 64x64Blks

where VangularHV4Xf}Blks' NangularHVSx_SBlks' NangularHV1_6x16Blks' Na}ngularHV32x32Blks and NangularHV64x64Blk
are thejnumber of intra angular horizontally or vertically predicted 4x4, 8x8, 16x16, 32x32 and 64x64

blocks fespectively, in the specified period.

N HvBIks IS derived from portion_angular_hv_blocks_in_intra_area@nd’N, .pks in the decoder.

angularj

portion| blocks_a_c_d_n_filterings indicates the portion of predi€tion blocks whose luma samples

position are located in sub-sample position a, ¢, d or n, as definedin Annex B, in the specified period and
is set equal to P, q,riitpis defined as follows:

P

a

Q

N .
dnFiltBlks — F]OOI‘ acdnFiltBlks * 2 55 (6'39:
4x4BlksInPeriod

When not present, it is set equal to 0.

N,canrilgiks 1S the number of prediction bloeks whose luma samples position are located in sub
sample(position a, ¢, d or n, as defined in. Antiex B, in the specified period. It is derived from portion]
blocks_p_c_d_n_filterings and N, 4pksinpeiiog i the decoder.

portion| blocks_h_b_filterings indicates the portion of prediction blocks whose luma samples positior]
are locdted in sub-sample position h or b, as defined in Annex B, in the specified period and is set equa
to Ppyriligiks defined as follows:

B,

o

N .
. 1tBlIs = Floor ibFiltBlks __ +255 (6-40]
N4x4BlkslnPeriod

When rlot present,\itis set equal to 0.

Nypriteslks 1S the number of prediction blocks whose luma samples position are located in sub-samplg
posit101|1 hor b, as defined in Annex B, in the specified period.

Itis derived from portion_blocks_h_b_filterings and N4, 4giksinperioq I the decoder.

portion_blocks_f_i_k_q_filterings indicates the portion of prediction blocks whose luma samples

position are located in sub-sample position f, i, k or q, as defined in Annex B, in the specified period and
is set equal to Py piepiks defined as follows:

Ner o
Priqrile = Floor| — MBS xp55 (6-41)
4x4BlksInPeriod

When not present, it is set equal to 0.
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NfiggrileBiks is the number of prediction blocks whose luma samples position are located in sub-sample
position f, i, k or q as defined in Annex B, in the specified period.

Itis derived from portion_blocks_f_i_k_q_filterings and N4, 4gxsimperioq i the decoder.

portion_blocks_j_filterings indicates the portion of prediction blocks whose luma samples position
are located in sub-sample position j, as defined in Annex B, in the specified period and is set equal to
Pjpiiegiks defined as follows:

N}'E‘ilﬂ?ll’c

P

V.

[
PirilBiks = FIOOFL

deﬂnstances = F]OOI‘(

N4x4BlksInPeriod

*255}

When not present, it is set equal to 0.

N4x4BlksInPeriod

When not present, it is set equal to 0.

* *
SchrMult N4x4BlksInPeriod

Ndbﬂnstances %255 ]

tis derived from portion_blocks_j_filterings and Ny, 4piksinperioq iN the decoder:

tis derived from portion_blocks_e_g_p_r_filterings and Ny 4piksinperioq N the decoder.

(6-42)

ViriitBiks 1S the number of prediction blocks whose luma samples position are located in subsample
bosition j, as defined in Annex B, in the specified period.

portion_blocks_e_g_p_r_filterings indicates the portion of prediction bloeks whose luma blocks position
hre located in sub-sample position e, g, p or 1, as defined in Annex B;in the specified period and is set
pqual to Pegp, ijpiks defined as follows:

N .
— egprFiltBlks
egprFiltBlks Floor[ *255

(6-43)

egprFiltBlks 1S the number of prediction blocks whdse luma samples position are located in subisample
bosition e, g, p or r, as defined in Annex B, in the specified period.

portion_deblocking_instances indicates-the portion of deblocking filtering instances in the specified
period and is set equal to Py siancds’defined as follows:

(6-44)

b hrmule depends on the HEVC variables separate_colour_plane_flag and chroma_format_idc as shown in

the Table 7.
Table 7 — specification of S, .1 for HEVC
S chrMult separate_colour_plane_flag chroma_format_idc Comment
1 0 0 monochfome
1.5 0 1 4:2:0 sanjpling
y 2 47272 5ampling
0 3 4:4:4 sampling
1 3 separate colour
plane

Nybtistances 1S the number of deblocking filtering instances in the specified period. It is derived from
portion_deblocking_instances, Ny, 4piksinperiod 314 Schrmule iR the decoder.

max_num_slices_tiles_minus1 specifies the maximum number between the number of slices and the
number of tiles in the associated picture.
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first_ctb_in_slice_or_tile[ t ] specifies the first Coding Tree Block (CTB) number in slice[ t ] or tile[ t ] in
raster scan order.

Nyyapiksinsticeortilel €1 1S the total number of 4x4 blocks in the slice[ t ] or tile[ t ] and is determined,
after derivation of the Coding tree block raster and tile scanning conversion process (CtbAddrRsToTs)
as specified in ISO/IEC 23008-2:2020, 6.5.1, by the following computation:

— The value I} ¢y, is set equal to CtbAddrRsToTs[ first_ctb_in_slice_or_tile[ t] ].

— Iftislower than num _max slices_tiles minusl, the value ;... is set equal to CtbAddrRsToTs] first
ctb| in_slice_or_tile[t+1] ].

— Otlerwise (t equal to num_max_slices_tiles_minusl), the value [y IS set equal tg
CtbAddrRsToTs[ PicSizelnCtbsY ].
— N,

WBlksinsticeorTilel t ] 1s derived as follows:

Nasapiksinsticeortitel t1 = (Niastctb = firstctb ) ™ Netbs (6-45]
portion| non_zero_blocks_area[ t ] indicates the portion of area covered by{blocks with non-zerd

transfofm coefficients values in the slice[ t ] or tile[ t ] using a 4x4 blocks granularity and is set equal ta
P BlksArealnsliceorrilel t ] defined as follows:

nonZerd
)2) [ t ]_ FI NnonZeroBlksInSliceOrTile [ t ] %955 6-46]1
nohZeroBlksArealnSliceOrTile =Floor N ( ~10
4x4BlksinsliceorTile [ ¢
Ny onzerdBiksinsticeorTilel £ ] 1S the number of blocks with non<zero transform coefficients values in thg

slice[ t | or tile[ t ] using 4x4 granularity. At the encoder side, it is computed as follows:

Nnc nZeroBlksInSliceOrTile [ t ]: NnonZero4x4BlksInSliceOrTile [ t ]

+4 anonZero8x8BlksInSlice0rTile [ t ]+ 16*NnonZer016)(16BlksInSlice0rTile [ t ] (6'47:

*
+64 N onZero32x32BlksInSliceOrTile [ t ]
where NnonZer04x4-BlksInSliceOrTile[ t ]’ NnonZero8x881ksInSliceOrTile[ t ]' NnonZer016x16Blksln'SliceOrTile.[ t ]
Nyonzer 32X3231k51n_5me0m1e[ t ] are the number of non-zero 4x4, 8x8, 16x16, 32x32 blocks in the slice[ t ]
or tile[ f ] respectively.
A}’;loraZer B(ikslnSliceOrTile[ t]is derjved’from portion_non_zero_blocks_area[ t ] and Nyy4gixsinsiiceorritel t111
the decpder.

portion| 8x8_blocks_in_non-zero_area[ t ] indicates the portion of 8x8 blocks area in the non-zero areg
in the slice[ t] or tile[47] and is set equal to P, 7r08x8BIksInsliceorTilel €] defined as follows:

4*N ; a2l t ]
Pno hZero8x8BlksInSliceOrTile [ t ]: Floor NnonZer08x8BlksInShceOrTlle [ ] *255 (6'48,
nonZeroBlksInSliceOrTile [ t ]

When rlotpresent, it is set equal to 0.

Ny onzerosx8BlksinSliceortilel t ] 1S the number of 8x8 blocks with non-zero transform coefficients
values in the slice[ t ] or tile[ t ]. It is derived from portion_8x8_blocks_in_non_zero_area[ t ] and
NnonZeroBlkslnSliceOI’l‘ile[ t] in the decoder.

portion_16x16_blocks_in_non_zero_area| t ] indicates the portion of 16x16 blocks area in the non-zero
area in the slice[ t] or tile[ t ] and is set equal to P, ,,7er016x16BlIksInsliceorTilel t ] defined as follows:

16* NnonZero 16x16BlksInSliceOrTile [ t ]
PnonZero16x16BlksInSliceOrTile [ t ] =Floor N t *255 (6'4’9)
nonZeroBIksInSliceOrTile [ ]

When not present, it is set equal to 0.
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Ny onzero16x16BlksinsliceorTilel t ] 1s the number of 16x16 blocks with non-zero transform coefficients
values in the slice[ t ] or tile[ t ]. It is derived from portion_16x16_blocks_in_non_zero_area[ t ] and
NnonZeroBlksInSliceOrTile[ t] in the decoder.

portion_32x32_blocks_in_non_zero_area[ t ] indicates the portion of 32x32 blocks area in the non- zero
area in the slice[ t] or tile[ t ] and is set equal to P, ,,7cr032x32B1ksInsliceorTilel t ] defined as follows:

64 * NnonZero32x3ZBlksInSIice0rTi1e [ t ] *255] [6-50)

PnonZero32x3ZBlkslnSliceOrTile [ t ]= Floor N
nonZeroBlksInSliceOrTile [ t ]

When not present, it is set equal to 0.

V. onZero32x32BlksInsliceorTilel € ] 1S the number of 32x32 blocks with non-zero transforny coefficients
Values in the slice[ t ] or tile[ t ]. It is derived from portion_32x32_blocks_in_non_zero_area[|t ] and

VnonZeroBlksInSliceOI’l“ile[ t ] in the decoder.

VnonZeW}.MBlkslnS]iceo.mle[ t] is'the n}lmber of 4x4 blocks with non-zero transform coefficientg values
n the Shce[ t ] or tlle[ t ] It is derived from NnonZeroBlksInSliceOrTile[ t ]' I_VnonZeroBXBBlksInSliceOrTile[ t ]'
VnonZer016X16BlkslnSlice0rTile[ t] and NnonZero32X32BlksInSliceOrTile[ t] as follows.in the decoder:

NnonZero4X4BlksInSliceOrTile [ t ]: NnonZeroBlksInSliceOrTile [ t ]
* *
-4 NnonZero8x8BlksInSlice0rTile [ t ]_16 NnonZero16x16BlksInSliceOrTile [ t ] (6'51)

- 64'>l<NnonZer032><32BlksInSliceOrTile [ t ]
portion_intra_predicted_blocks_area[ t ] indicates the paefitien of area covered by intra predicted blocks
n the slice[ t] or tile[ t ] using 8x8 granularity and is set.equal to P;..ps[ t ] defined as follows:

_ 4* NintraBlksInSliceOrTile [ t ] *
PintraBlks [ t ]_ Floor 255 (6-52)
N4y 4BiksinsliceorTile, t']

VintraBiksinsticeorTilel t ] 1S the number of intra predicted blocks using 8x8 granularity in the slige[ t ] or
file[ t]. At the encoder side, it is computéd as follows:

NintraBlksInSliceOrTile [ t ]: Nintra8x8BlksInSliceOrTile [ t ]
+ 4'*Nintra16x16BlksInSliceOrTile [ t ]+ 16*Nintra32X32BlkslnSlice0rTile [ t ] [6'53)

+64*N; 412 64x64BlksIndliseorTile | € ]

where  Nipiagygpiksinsliceottilel t 1 NintratexiepiksinsticeorTitel t 1 Nintra32x32Biksinsticeorrites Y 1 and
Vintrac4x64BlksinSliceorTitdl t ] are the number of intra predicted 8x8, 16x16, 32x32 and 64x64 blocks in

the slice[ t ] or tileft] respectively.

VintraBlksinsliceorfilel t] is derived from portion_intra_predicted_blocks_area[ t] and Ny, 4gixsinsticebrilel t]
n the decoder.

portioficplanar_blocks_in_intra_area[ t | indicates the portion of planar blocks in the intra predicted
nred the slice[ t] or tile[ t ] and is set equal to Ppjan,rpiksinintral t ] defined as follows:

3

IVplanarBlksInSliceOrTile [U]

PplanarBlksInIntra [ t ] = FIOOFL ] * ZSSJ (6-54)

NintraBlksInSliceOrTile [ t

When not present, it is set equal to 0.
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NpjanarBiksinsliceorrilel t] is the number of intra planar predicted blocks in the slice[ t] or tile[ t ] using

4x4 granularity. At the encoder side, it is computed as follows:

NplanarBlksInSliceOrTile [ t ]: Nplanar4x4-Blks [ t ]
+ 4*Nplanar8x8Blks [ t ]+ 16>|<Nplanar16x16Blks [ t ] (6-55)

+ 64*Nplanar32x32Blks [ t ]+256*Np1anar64x64Blks [ t ]

where Nplanar4x4Blks[ t ]' N, lanar8x8Blks[ t ]' Nplanar16x16Blks[ t ]' Nplanar32x32Blks[ t ] and Nplanar64x64Blks[ t ]
are the number of intra planar prndir‘fnﬂ Ax4 _8x8 16x16 32x32 and 64x64 blocks in the c]irn[ 1'] Q

tile[ t ] respectively.

%planarmkslns“ceoﬂile[ t ] is derived from portion_planar_blocks_in_intra_area[ t (]} “and
intraBIsinsliceortilel t]in the decoder.

portion| dc_blocks_in_intra_area[ t ] indicates the portion of DC blocks in the intra predicted area in thg
slice[ t | or tile[ t] and is set equal to Ppcppksinintral t ] defined as follows:

NpcBiksinsliceorTile [ t ] ]
PogBiksinintra | t ]=Floor N shoteetrte *255 (6-56]
intraBlksinSliceorTile [ € |

When not present, it is set equal to 0.

Npcgiksusticeortilel t ] is the number of intra DC predicted blocks in the slice[ t ] or tile[ t ] using 4x4
granuldrity. At the encoder side, it is computed as follows:

Np¢BiksinsliceorTile [ t 1= Npcaxapiks [ t 1+4*Npcgxspiks [t

+16*Npc16x16BIks [ t 1+64*Npc3ox3zpiks [ t ] (6-57]

+256*Npceaxeaniks | t |

where Npcyvapiisl U] Npesxspiksl U] Npcisxieniksl t b®pcazxaziiksl t1and Npceaxeapiksl t ] are the number
of intra|DC predicted 4x4, 8x8, 16x16, 32x32 and 64x64 blocks in the slice[ t ] or tile[ t ] respectively.

%chlksm(siliceoﬂﬂe[ t ] is derived from portiontdc_blocks_in_intra_area[ t | and N, .piksinsliceorTilel € 1 11
the decpder.

portion| angular_hv_blocks_in_intratarea[ t ] indicates the portion of angular horizontal or vertica
blofcl;ls in the intra predicted ared iy the slice[ t] or tile[ t ] and is set equal to Pyypjksinintral t ] defined
as follows:

NyvBiksinsliceorTile [ t] ocs ] (6-58]
t

PiBiksinintra [ t ]=Floor| — N
intraBlksInSliceOrTile [

When not present,\it-is set equal to 0.

NyvBikstasticeormilel 1 is the number of intra angular horizontally or vertically predicted blocks in thg
slice[ t | ortile[ t ] using 4x4 granularity. At the encoder side, it is computed as follows:

N{vBiksinSliceorTile | € ]|= NVHV4x4Blks | ¢ 7% NVHV8x8Blks | £ |
+16*Nyy16x16Biks L t 1764 Nyuy32x3281Kks [ £ 1+ (6-59)

+256*Npyaxeabiks | ¢ |

where Nyyaxapiksl ] Nuvexspiksl t] Nuvisxieniksl t] Nuvsaxazpiksl t1and Nyyeaxeapiks| t] are the number
of intra angular horizontally or vertically predicted 4x4, 8x8, 16x16, 32x32 and 64x64 blocks in the

slice[ t ] or tile[ t ] respectively.

NyvBiksinsliceorTilel € .] is derived from portion_angular_hv_blocks_in_intra_area[ t ] and
NintraBlksInSliceOrTile[ t]in the decoder.
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defined as follows:

Nocdnri [t]
PacaniltBlks [ t ] =Floor acdnfiltBlks *255 (6-60)
N 4x 4BiksinSliceorTile | t ]

N, canFileBiksL t ] is the number of prediction blocks whose luma samples position are located in sub-
fample position a, ¢, d or n, as defined in Annex B, in the slice[ T ] or tile[ T ]. Tt is derived from gortion_

portion_blocks_h_b_filterings[ t ] indicates the portion of prediction blocks whose*luma gamples
position are located in sub-sample position h or b, as defined in Annex B, in the slice[ t ]| or file[ t ].
When not present, is equal to 0. portion_blocks_h_b_filterings[ t] is set equal to Pypiksl t] defined as
follows:

Ny t
Pobritegiks [ t ]=Floor noriegtis L €] 5 (6-61)
N4y 4BiksinsliceorTile | t ]

VibrileBiks| €] 1S the number of prediction blocks whose luma samplés,position are located in subtsample
position h or b, as defined in Annex B, in the slice[ t ] or tile[ t ].4It is derived from portion_blocks_h_b_
ilterings[ t ] and Ny 4piksinsiiceorrilel t] 1N the decoder.

bortion_blocks_f_i_k_q_filterings[ t ] indicates the portion-of prediction blocks whose luma §amples
position are located in sub-sample position f; i, k or g,:as defined in Annex B, in the slice[ t ] or|tile[ t ].
When not present, is equal to 0. portion_blocks_f_iZk_q_filterings[ t ] is set equal to Py piisiks| t ]
efined as follows:

NixqriteBiks | &3

PrikqriltBiks [ t ]=Floor =
4x4BlksInSliceOrTile

*255 6-62
0 j (6-62)

Veikqgritesiks[ t ] is the number of prediction blocks whose luma samples position are located fin sub-
tample position f, i, k or q, as defined in Annex B, in the slice[ t ] or tile[ t ]. It is derived from portion_
plocks_f_i_k_q_filterings[ t ] and'Ny,4gksinsticeorrilel £ ] in the decoder.

portion_blocks_j_filteringsf\t] indicates the portion of prediction blocks whose luma samples position
hre located in sub-sample;position j, as defined in Annex B, in the slice[ t ] or tile[ t ]. When not present,
s equal to 0. portiongblocks_j_filterings[ t ] is set equal to Pjg;ejis[ t ] defined as follows:

Nipitegiks [ t ]

PjFiltBlkS [ t ]ZFIOOF( [ ] *255] (6'63)

4x4BlksInSliceOrTile

Niriiegigshot ] is the number of prediction blocks whose luma samples position are located [in sub-

bample position j, as defined in Annex B, in the slice[ t ] or tile[ t ]. It is derived from portion_bJocks_j_
filtérings[ t ] and Ny 4piksinsiiceorrilel t] in the decoder.

portion_blocks_e_g_p_r_filterings[ t | indicates the portion of prediction blocks whose Tuma samples
position are located in sub-sample position e, g, p or r, as defined in Annex B, in the slice[ t ] or tile[ t].
When not present, is equal to 0. portion_blocks_ e_g_p_r_filterings[ t ] is set equal to Pegp, ksl t ]
defined as follows:

NegeriltBlks [ t ]

PegprrittBiks [ t 1= Floor[ T3 * 255] (6-64)

N 44 4BIksInSliceOrTile

Negprrittgiksl t ] is the number of prediction blocks whose luma samples position are located in sub-
sample position e, g, p or 1, as defined in Annex B, in the slice[ t ] or tile[ t ]. It is derived from portion_
blocks_e_g_p_r_filterings[ t ] and Ny, 4giksinsticeortilel t] 1N the decoder.
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portion_deblocking_instances] t ] indicates the portion of deblocking filtering instances in the slice[ t ]
or tile[ t ]. portion_deblocking_instances| t ] is set equal to Pyyipstancesl t ] defined as follows:

N [t]
Pbfinstances [ t ]=Floor " :lbﬂnstances *255 (6-65)
4*S chemult “Nax4BlksnsliceorTile [ € ]

Nypfinstancesl t 1 is the number of deblocking filtering instances in the slice[ t ] or tile[ t ]. It is derived
from portion_deblocking_instances|[ t ], Ny 4piksinsticeorTilel t1 and Sg,mure in the decoder.

6.2.4.3] VVC semantics
The semantics of various terms are defined below.

period_|type specifies the type of upcoming period over which the complexity metrics are*applicablg
and is defined in the Table 8.

Table 8 — specification of period_type for VVC

Value Description

0x0 complexity metrics are applicable to a single picture

0x1 complexity metrics are applicable to all pictures in decoding order, up to (but not including)
the picture containing the next I slice

0x2 complexity metrics are applicable to all pictures over a.specified time interval in seconds

0x3 complexity metrics are applicable over a specified namber of pictures counted in decoding
order

0x4-0xF user-defined

granulgrity_type indicates the type of granularity which the complexity metrics are applicable and is
defined in the Table 9.

Table 9 — specification of granularity_type for VVC

Value Description

0x0 complexity metrics are applicable to picture granularity

0x1 complexity metrics-are'applicable to sub-picture granularity
0x2 complexity metricsdre applicable to slice granularity

0x3 complexity metrics are applicable to tile granularity
0x4-0xY user-defined

extend¢d_representation_flag equal to 1 indicates that the syntax elements portion_non_zero_4_8_16|
blocks_prea, portion_non_zero_32_64_128_blocks_area, portion_non_zero_256_512_1024_blocks]|
area, portioh/non_zero_2048_4096_blocks_area, portion_bi_and_gpm_predicted_blocks_area
portion| bdof>blocks_area, portion_sao_filtered_blocks, portion_non_zero_4_8_16_blocks_area[ t ]

portion| pon: zero_32_64_128_blocks_area[ t ], portion_non_zero_256_512_1024_blocks_area] t ]
portior\_nnn_7prn_7nAQ_AnQﬁ_h]nr‘](c_:n'na[ t ]’ pnrt‘inn_hi_:\nﬂ_gpm_prndir‘fnﬂ_h]nr‘]{c_:\rna[ t ]
portion_bdof _blocks_area[ t ] and portion_sao_filtered_blocks[ t ] may be present. extended_
representation_flag equal to 0 indicates that these syntax elements are not present.

num_seconds indicates the number of seconds over which the complexity metrics are applicable when
period_type is 2.

num_pictures indicates the number of pictures, counted in decoding order, over which the complexity
metrics are applicable when period_type is 3.

Ny icsinperiog iNdicates the number of pictures in the specified period. When period_type is 0, then
Nf)icsInPeriod is 1. When period_type is 1, then Ny qnperioq is determined by counting the pictures in

decoding order up to (but not including) the one containing the next I slice. When period_type is 2,

26 © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=67a98c68d379871c9255399b29f63e97

ISO/IEC 23001-11:2023(E)

then NpicsInPeriod is determined from the frame rate. When period_type is 3, then Ny inperioq IS equal to
num_pictures.

N4sampleBlksinPeriod 1S the total number of 4-samples luma and chroma blocks that are coded in the
specified period.

It is determined by the following computation:
N

N =

4.C 1oRUcalaPaaiad
TOAIMPTCDIRSTIT CTTOT

picsinPeriod

N

!

A4S loR P (n) (6'66)
T;)Cllllylcull\bl IC

n=1

where Nyg,mpieikspic() is derived for the nth picture within the specified period 1 <= n<= N i dsinperiod
rom VVC variables PicSizeInCtbsY and CtbLog2SizeY specified for the decoding pnocess ofthe nth
pbicture within the specified period, as follows:

N4SampleBlksPic(n) = SchrMult * SpicInCtb * ctbs (6-67)
Wwhere
— Ny issetequal to (1 << ( CtbLog2SizeY - 1) )?

—  Sphicinc IS set equal to PicSizelnCtbsY

—  Schrmule depends on the VVC variable sps_chrom@_format_idc as shown in the Table 10

Table 10 — specificationof S j, .y, for VVC

SehrMult sps_;}llgzrir(lii_for- Comment
1 0 monochrome
1.5 1 4:2:0 sampling
2 4:2:2 sampling
3 4:4:4 sampling

portion_non_zero_blocks_area indicates the portion of area covered by blocks with non-zero trgnsform
coefficients values, in the(pictures of the specified period, using 4-samples block granularity and is set
pqual to Py, 7eroBiksares d€fined as follows:

NnonZeroBlks
PyonZeroBIksatea = Floor N *255 (6-68)
4SampleBlksInPeriod

where N g, %eroBiks 1S the number of blocks with non-zero transform coefficients values in the specified
beriod.using 4-samples block granularity. At the encoder side, it is computed as follows:

X
— *
NnonZeroBlks — E (T NnonZeroBlks_X ) (6'69)
X=4,8,16,32,64,128,256,512,1024,2048,4096 \ /

where N ,170r0B1ks_x IS the number of blocks with non-zero transform coefficients values, for transform
blocks with number of samples X=4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, respectively, in the
specified period.

Ny onzeroBiks 1S derived from portion_non_zero_blocks_area and Nyg,mpiepiksinperiod i the decoder.
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portion_non_zero_4_8_16_blocks_area indicates the portion of 4-, 8- and 16-samples blocks area in the
non-zero area in the specified period and is set equal to P ;7004 g 16_piks defined as follows:

NonZero4_8_16_Blks *255] (6-70)

PnonZero4_8_16_Blks =Floor
nonZeroBlks

When not present, portion_non_zero_4_8_16_blocks_area is set equal to 0.

Nyonzero4 8 16 Blks 1S the number of 4-, 8- and 16-samples transform blocks with non-zero transform

ff' 3 b 1 H 4] A | - | H 4 1 1.1 1 1 e Adedel 1 A | -
COeIllICIgnts varaes rr e DPCLIIICU lJCl 10U ualug ‘X"bdlll})l\:b UIULK 51 dliuldl lLy. AL LT TIICOUCT SIUC, IU 13
computed as follows:

X ;

Nn( nZero4_8_16_Blks — Z (Z * NnonZeroBlks_X ) (6'71‘
X=4,8,16

Nyonzerda 8 16 Biks IS derived from portion_non_zero_4_8_16_blocks_area and N, ,7.opicsiit the decoder

portion| non_zero_32_64_128_blocks_area indicates the portion of 32-, 64- and. 128-samples blockg
area in[the non-zero area in the specified period and is set equal to P, ,7.r¢32 64 128 BIks defined as
follows -

Nhonzero32_64_128_Blks *255) (6-72]

Prohzero32_64_128_Blks = Floor
nonZeroBIks

When rlot present, portion_non_zero_32_64_128_blocks_area isisetequal to 0.

Nyonzerd32 64 128 Blks 1S the number of 32-, 64- and 128<samples transform blocks with non-zerq
transfofm coefficients values in the specified period using-4-samples block granularity. At the encodet

side, it {s computed as follows:

X ;
Nn( nZero32_64_128_Blks — Z (Z * NnonZeroBlks_X j (6'73,
X=32,64,128
é\lnonéer 32 64 128 Blks 1S derived from portignnon_zero_32_64_128_blocks_area and Ny ,,7e0pks i the
ecoder.

portion| non_zero_256_512_1024_blocks_area indicates the portion of 256-, 512- and 1024-samples
blocks prea in the non-zero are@a jn the specified period and is set equal to P, 7010256 512 1024 Bk
defined as follows: -512_1024_

(6-74]

NnonZer0256_512_1024_Blks *9EC
nonZeroBlks

Prohzero256_512_10247Biks =F100F[ Ny

When njot present,\portion_non_zero_256_512_1024_blocks_area is set equal to 0.

Ny onzerd256,512-1024 _Biks 1S the number of 256-, 512- and 1024-samples transform blocks with non-zerq
transform’coefficients values in the specified period using 4-samples block granularity. At the encodet

side, it iIs cemputed as follows:

X
NnonZer0256_512_1024_Blks = 2 (Z*NnonZeroBlks_X ) (6'75)
X=256,512,1024

Nyonzero256.512 1024 Blks 1S derived from portion_non_zero_256_512_1024_blocks_area and N

n
in the decoder.

nonZeroBlks
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portion_non_zero_2048_4096_blocks_area indicates the portion of 2048- and 4096-samples blocks
area in the non-zero area in the specified period and is set equal to P, 7102018 4096 BIks defined as
follows: S

NnonZer0204-8_4096_Blks % 255) (6-76)

Pronzero2048_4096_Biks = Floor
nonZeroBlks

When not present, portion_non_zero_2048_4096_blocks_area is set equal to 0.

L - 4l 1 £ 2040 pa | A 004 1 de £ 1.1 1 adnl

VnonZer02048_4—096_Blks IS5 UIC ITUIIIUCT Ul ZUTO0~ dllIu ‘fU?U'DdllllJle tratmrsrornT DIOCKS—WItIT NPN-Zero
rransform coefficients values in the specified period using 4-samples block granularity. At the¢ncoder
bide, it is computed as follows:

X
NnonZer02048_4096_Blks = 2 (Z * NnonZeroBlks_X ] (6'77)
X=2048,4096
VhonZero2048_4096_Blks 1S derived from portion_non_zero_2048_4096_blocks_areaand N,z op1ifs in the

Hecoder.

bortion_non_zero_transform_coefficients_area indicates the portion“of area covered by npn-zero
rransform coefficients in non-zero transform blocks in the pictures of the specified period, using
t-samples block granularity and is set equal to P, 7erocoefsarea d€finted as follows:

N

_ nonZeroTransformCoefs

PyonZeroCoefsarea = Floor N *255 (6-78)
nonZeroBlks

NVnonZeroTransformCoefs 1S the area covered by non-zéro trans_form coefficients in non-zero trgnsform
blocks in the specified period using 4-samples bloc¢k granularity.

\{{mrgemTéansformCOefs is derived from portion_non_zero_transform_coefficients_area and N, ,7-opiks IN
the decoder.

portion_intra_predicted_blocks_area indicates the portion of area covered by intra predicted bJocks in
the pictures of the specified periodA1sSing 4-samples block granularity and is set equal to P
lefined as follows:

intrdPredBlks

N
PintraPredBlks = Floor tntraPredBlis *255 (6-79)

N4SampleBlksInPeri0d

V. otraPredpiks 1S the-nwmber of intra predicted blocks in the specified period using 4-samplgs block
branularity. At thelencoder side, it is computed as follows:

X
NintrapfedBiks = Z*NintraPredBlks_X ) (6-80)

X:4-,8,16,32,64—,128,256,512,1024,2048,4096(

Where N, apredpiks_x 1S the number of blocks using intra prediction, for blocks with number of §gamples
K#4,8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, in the specified period.

Niptrapredniks 1S derived from portion_intra_predicted_blocks_area and Nyg,mpieBiksinperiod il the decoder.
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portion_bi_and_gpm_predicted_blocks_area indicates the portion of area covered by inter bi-predicted
or GPM-predicted blocks in the pictures of the specified period using 4-samples block granularity and
is set equal to Py;gnmpreapiks defined as follows:

(6-81)

NyiAndGpmPredBIk
PiGpmlks = Floor| =P %255

N4SampleBlksInPeriod

Ny;andGpmpredsiks 1S the number of inter bi-predicted and GPM-predicted blocks in the specified period
using 4-samples block granularity. At the encoder side, it is computed as follows:

X d
Ny AndGpmPredBlks — 2 (_ >koiAndemPredBlks_X j (6-82]
X=4,8,16,32,64,128,256,512,1024,2048,4096

Where [Ny ndcpmpredsiks_x are the number of blocks using inter bi-prediction or GPM prediction, foy
blocks with number of samples X=4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, in.the specified
period.

]\ﬁ)iAéldGJEPredBlkS is derived from portion_bi_and_gpm_predicted_blocks_area and Ny, mpieBiksinperiod 1]
the decpder.

portion| bdof_blocks_area indicates the portion of area covered by inter‘blocks using BDOF in thg
picturep of the specified period using 4-samples block granularity and¢is\set equal to Py 4,¢pxs defined
as follows:

N ;
Pygbpiks = Floor N beofblks *255 (6-83]
4SampleBlksInPeriod

NypdofBids 1S the number of inter blocks using BDOF in-‘the specified period using 4-samples block
granuldrity. At the encoder side, it is computed as follows:

Npdofiks = > (X / 4*Niaofpiks_x ) (6-84]
X=128,256,512,1024 20484096

Where Vi, 44¢piks_x are the number of inter-c¢oded blocks using BDOF, for blocks with number of samples
X=128, P56, 512, 1024, 2048, 4096, in the specified period.

Ny gorpiys is derived from portion_bdaf. blocks_area and Nys,mpieBiksinperiod I the decoder.

portion| deblocking_instances indicates the portion of deblocking filtering instances in the specified
period and is set equal to Pyf)<tances defined as follows:

Py

o

Ndbﬂnstances ]
Instances = F 10T N *255 (6-85]
4SampleBlksInPeriod

Nybfinsthnces 1S_the/number of deblocking filtering instances in the specified period. It is derived fromn;
portion| deblocking_instances, and Nyg,mpeBiksinperiod IN the decoder.

portion| sao_filtered_blocks indicates the portion of SAO filtered blocks in the specified period using
4-samples block granularity. At the encoder side, it is set equal to P, g, computed as follows:

P

S

N .
a0Blks = Floor saoFilteredBlks %255 (6-86)
N4SampleBlkSInPeriod

Ng.oFilteredniks 1S the number of SAO filtered blocks in the specified period using 4-samples block

granularity. It is derived from portion_sao_filtered_blocks, Nyg,mpiepiksinperiod il the decoder.

30 © ISO/IEC 2023 - All rights reserved


https://standardsiso.com/api/?name=67a98c68d379871c9255399b29f63e97

ISO/IEC 23001-11:2023(E)
portion_alf filtered_blocks indicates the portion of ALF filtered blocks in the specified period using
4-samples block granularity. At the encoder side, it is set equal to P,¢gp,c computed as follows:

P

a

Noew
1Blks = Floor alfFilteredBlks %955 (6-87)
N4SampleBlksInPeriod

N, i¢rilteredpiks 1S the number of ALF filtered blocks in the specified period using 4-samples block

granularity. It is derived from portion_alf_filtered_blocks and Nys,mpleBiksinperiod I the decoder.

TTaX_Tur_segnents_mmnustimdicates the ummber—of subpictures, sticesortites i theasgociated
picture.

begment_address[ t | indicates the address of the tth segment. When granularity_type is eqal to 1,
segment_address[ t ] indicates the subpicture ID of the tth subpicture subpicture[ t ]. When granularity_
fype is equal to 2 or 3, segment_address|[ t | indicates the picture raster scan address of the first coding
'ree block (CTB) number in slice[ t ] or tile[ t].

V4sampleBiksinsegmentl t ] i the total number of 4-samples luma and chroma blocks in the slicg[ t ] or
rile[ ﬁ) or subpicture[ t ]. Nyg,mpleBiksinsegmentl t ] is determined by the folowing computation.

— If granularity_type is equal to 1, Nygampleiksinsegmentl t ] is derived as follows from VVC variables
sps_subpic_id, sps_subpic_width_minus1, sps_subpic_height_nririus1 and CtbLog2SizeY spe¢ified in
ISO/IEC 23090-3

— sisdefined as the index value such that sps_subpieid[ s ] is equal to the subpicture ID sggment_

address[ t].
—  Wsuppic s setequal to (1 + sps_subpic_widthiminus1[s] ) << ( CtbLog2SizeY - 1).
— Hgyppic is set equal to (1 + sps_subpic_height_minus1[s]) << ( CtbLog2SizeY - 1).

; * *
— N4SampleBlksInSegment[ t] Is set equal to (SchrMult Wsubpic Hsubpic )

— if granularity_type is equal to 2, N4-SampleBlksInSe mentl t 1 1s derived as follows from VVC variables
NumCtusInSlice and CtbLog2SizeY specified in I§O/IEC 23090-3:

NysampleBiksinsegment| t] IsSet equal to Sy e * ( ( NumCtusInSlice[ t]) << ( CtbLog2Siz¢Y - 1) )

— Otherwise, if granularity_type is equal to 3, Nyg,moieBiksinseementl t 1 1S derived as follows from
VVC variables ctbToTileColldx, ctbToTileRowldx, EolWidth al and RowHeightVal specjfied in
ISO/IEC 23090-3¢

— ctbAddnX-is set equal to segment_address[ t ].

— tileGeHdx is set equal to ctbToTileColldx[ ctbAddrX ].

— _tileRowldx is set equal to ctbToTileRowldx[ ctbAddrX ].

— W, is set equal to ColWidthVal[ tileColldx ] << ( CtbLog2SizeY - 1).

— H. 1s set equal to RowHeightVal] tileRowldx | << ( CtbLog25izeY -1 ).

; * *
- N4SampleBlksInSegment[ t ] Is set equal to (SchrMult Wtile Htile )
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portion_non_zero_blocks_area[ t ] indicates the portion of area covered by blocks with non-zero
transform coefficients values, in the slice[ t ] or tile[ t ] or subpicture[ t ], using 4-samples block
granularity and is set equal to P, ,,7cr0B1ksareal €] defined as follows:

NnonZeroBlksInSegment [ t ]

PronzeroBiksarea | t ]=Floor *255 (6-88)

N4SampleBlkslnSegment [ t ]

where N, ,,7eroBIksinseementl € ] 1S the number of blocks with non-zero transform coefficients values, in
the slice[ t ] or tile[ t | or subpicture[ t |, using 4-samples block granularity. At the encoder side, it is
computed as follows:

= *
Nn( nZeroBlksInSegment [ t ]_ 2 (X/4 NnonZeroBlksInSegment_X [ t ])
X=4,8,16,32,64,128,256,512,1024,2048,4096
(6-89)
where Ny on7eroBiksinsegment_x[ t] is the number of blocks with non-zero transform coefficients values, i

the slicg[ t ] or tile[ t ] or subpicture] t ], for blocks with number of samples X=4, 8; 16, 32, 64, 128, 256
512, 10R4, 2048, 4096, respectively.

Nponzer BlkslnSegmem[ t ] is derived from portion_non_zero_blocks_area[ tj.and N4SampleBlksln5egment[ t]

in the decoder.

portion| non_zero_4_8_16_blocks_areal t ] indicates the portion of 4 8- and 16-samples blocks area i
the nonf-zero area in the slice[ t ] or tile[ t ] or subpicture[ t ], using/4-samples block granularity and i
setequal to P, 7er04 8 16 BIksl t ] defined as follows:

(6-90]

N [t]

nonZero4_8_16_BlksInSegment

Pn01Zero4_8_16_Blks [ t ]ZF]OOI‘ *255
nonZeroBlksInSegment [ t ]

When njot present, portion_non_zero_4_8_16_blocks”area[ t] is set equal to 0.

Nuonzerds_8_16_Biksinsegmentl t ] is the number of-4-, 8- and 16-samples blocks with non-zero transforn;
coefficipnts values in the slice[ t ] or tile[ t Jlor subpicture[ t ], using 4-samples block granularity. At the

encoder side, it is computed as follows:

X ;

Nn( nZero4_8_16_BlksInSegment [ t ]: 2 (Z >anonZeroBlksInSegment_X [ t ]) (6-91]
X=4,8,16

Nponzerga_8_16_BlksinSegmentl-81 1s derived from portion_non_zero_4_8_16_blocks_area[ t ] and

NnonZer BlkslnSegment[ t ] in the decoder.

portion| non_zero_32-64_128_blocks_area[ t ] indicates the portion of 32-, 64- and 128-samples blockg
area in the non-zero-area in the slice[ t ] or tile[ t ] or subpicture[ t ], using 4-samples block granularity
and is spt equalMe’'P 1761032 64 128 Biks| t ] defined as follows:

(NnonZer032_64_128_BlksInSegment [ t ] *255} (6-92]

\ NponZeroBlksInSegment L | )

Prohzerhzz 64 128 Riks | t ]=Floor

When not present, portion_non_zero_32_64_128_blocks_area[ t ] is set equal to 0.
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NyonZero32_64.128 Biksinsegmentl T ] is the number of 32-, 64- and 128-samples blocks with non-zero
transform coefficients values in the slice[ t ] or tile[ t ] or subpicture[ t ], using 4-samples block
granularity. At the encoder side, it is computed as follows:

X
NnonZero32_64-_128_BlksInSegment [ t ]: 2 (Z*NnonZeroBlksInSegment_X [ t ]j (6-93)
X=32,64,128

Ny onZero32_64.128_Blksinsegmentl t ] s derived from portion_non_zero_32_64_128_blocks_area[ t ] and

NnonZeroBlksInSegment[ t] in the decoder.

bortion_non_zero_256_512_1024_blocks_area[ t ] indicates the portion of 256-, 512- and 1024=§amples
blocks area in the non-zero area in the slice[ t ] or tile[ t | or subpicture] t ], using 4-samplées block
pranularity and is set equal to P ;700256 512 1024 BIks| t ] defined as follows:

nonZero256_512_1024_BlksinSegment | T ]

*255 6-94
N (6-94)

N
PyonZero256 512 1024 Blks [ t ]=Floor
nonZeroBlksInSegment [ t ]

When not present, portion_non_zero_256_512_1024_blocks_area[ t ] is setequal to 0.

VionZero256 5121024 Blksinsegmentl t ] is the number of 256-, 512- and 1024-samples blocks with non-
vero transform coefficients values in the slice[ t ] or tile[ t ] or subpicture] t |, using 4-samplés block
branularity. At the encoder side, it is computed as follows:

X
NnonZer0256_512_1024_BlkslnSegment [ t ]: 2 (Z >anonZeroBlksInSegment_X [ t ]) (6-95)
X=256,512,1024
V,

nonZero256_512_1024 BlksinSegmentl t ] 1S derived from¢portion_non_zero_256_512_1024_blocks_grea[ t ]
hnd N [ t]in the decoder.

nonZeroBlksInSegment

portion_non_zero_2048_4096_blocks_area[ t Jindicates the portion of 2048- and 4096-sample$ blocks
hrea in the non-zero area in the slice[ t ] or;tile[ t ] or subpicture[ t ], using 4-samples block granularity
and is set equal to P ,7602048 4096 _BiksL ] defined as follows:

NnonZero2048_4096_Blksinsegment | t ]

Pyonzero2048_4096_Blks | t |=Floor *255 (6-96)

NnonZeroBlksInSegment [ t ]

When not present, portion-fion_zero_2048_4096_blocks_area[ t ] is set equal to 0.

VionZero2048_4096_Blksinsegmentl t ] is the number of 2048- and 4096-samples blocks with npn-zero
fransform coefficients’/values in the slice[ t ] or tile[ t ] or subpicture[ t ], using 4-samplgs block
branularity. At the‘ericoder side, it is computed as follows:

X
NnonZer02048_4096_BlksInSegment [ t ]: 2 (_*NnonZeroBlksInSegment_X [ t ]j (6-97)
X=2048,4096

V.

noZ6f62048_4096_Blksinsegmentl t ] s derived from portion_non_zero_2048_4096_blocks_area[|t ] and

nonZeroBlksInSegment[ t] in the decoder.

portion_non_zero_transform_coefficients_area[ t ] indicates the portion of area covered by non-zero
transform coefficients in non-zero transform blocks in the slice[ t ] or tile[ t ] or subpicture][ t ], using

4-samples block granularity and is set equal to P, 7crocoefsareal t ] defined as follows:

p NnonZeroTransformCoefs [ t ] *255 (6-98)

nonZeroCoefsArea = F100T

NnonZeroBlksInSegment [ t ]

N, onzZeroTransformcoefsl t] 1S the area covered by non-zero transform coefficients in non-zero blocks in the

slice[ t] or tile[ t ] or subpicture| t ], using 4-samples block granularity.

Ny onzeroTransformcoefsl € ] 1 derived from portion_non_zero_transform_coefficients_area[ t ] and

[t]in the decoder.

NnonZeroBlksInSegment
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portion_intra_predicted_blocks_area[ t ] indicates the portion of area covered by intra predicted
blocks in the slice[ t ] or tile[ t ] or subpicture[ t ], using 4-samples block granularity and is set equal to
P, trapredpiksl t] defined as follows:

N; t
PintraPredBlks [ t ]=Floor intraPredBlks L] *255 (6-99)
N4SampleBlksInSegment [ t ]

Ni,irapredniksl t]1s the number of intra predicted blocks in the slice[ t] or tile[ t ] or subpicture[ t ], using

4-samples block granularity. At the encoder side, it is computed as follows:

X d
NintraPredB]ks [ t ]: 2 (Z *NintraPredBlks_X [ t ]j (6~100]
X=4,8,16,32,64,128,256,512,1024,2048,4096

Where [N, i;apredpiks xI t ] is the number of blocks using intra prediction, for blocks with humber of

sample$ X=4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, in the slice[ t ] or tile[ t ] or subpicture[ t].

Ninrapréapiks t] is derived from portion_intra_predicted_blocks_area[ t ] and Nyg,mglepiksinsegment[ t ] i1
the decpder.

portion| bi_and_gpm_predicted_blocks_area[ t ] indicates the portion of area covered by inter bi
predicted or GPM-predicted blocks in the slice[ t ] or tile[ t ] or subpicturef-+t |, using 4-samples block
granulgrity and is set equal to Py, mpreqpiks| t] defined as follows:

(6-101]

NbiAndemPredBlks [ t ]
Pyig pmPredBlks [ t ]=Floor ] *255

4SampleBlksInSegment [ t

Nypiandchbmpredniksl t 1 1s the number of inter bi-predicted and“GPM-predicted blocks in the slice[ t ] o]
tile[ t ]| or subpicture][ t ], using 4-samples block granularity. At the encoder side, it is computed as
follows

X

NpifndGpmPredsiks [ t]= —*NpiAndGpmPredBlks_x [ ¢ ]) (6-102]

X=16,32,64,128,256,512,1024,2048,4096( 4

Where Nyiandcpmpredniks_x[ t ] are the number of blocks using inter bi-predicted prediction, for blockg
with nymber of samples X=16, 32, 64,128, 256, 512, 1024, 2048, 4096, in the slice[ t ] or tile[ t ] of
subpicture[ t].

Nypiandchmpreaiksl t ] is derived from portion_bi_and_gpm_predicted_blocks_area[ t ] and

N4Sampl )BlksInSegment[ t ] in the-decoder.

portion| bdof_blocks_areaf.t'] indicates the portion of area covered by inter blocks using BDOF in thsg
slice[ t] or tile[ t | or suppicture[ t ], using 4-samples block granularity and is set equal to Py y.rpisl t ]
defined|as follows;

N t
Poghsigs ] =Floor baomlks L *255 (6-103]
N4Samp1eBlksInSegment [ t ]
NbdofB]ks TR E— - —F L o BDOF1 - ~ .
4-samples block granularity. At the encoder side, it is computed as follows:
X *
Nygospiks [ t 1= Z 2 NpdofBiks_Xx (6-104)
X=128,256,512,1024,2048,4096

Where Ny go¢pixs x| t]are the number of blocks using inter blocks using BDOF, for blocks with number of
samples X=128, 256, 512, 1024, 2048, 4096, in the slice[ t ] or tile[ t ] or subpicture[ t].

Ny gorpiksl t]1s derived from portion_bdof_blocks_area[ t ] and Nys,mpieBiksinsegmentl t ] in the decoder.
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portion_deblocking_instances] t ] indicates the portion of deblocking filtering instances in the slice[ t |
or tile[ t] or subpicture[ t], using 4-samples block granularity and is set equal to Py fjstancest t] defined
as follows:

N [t]
Pabfinstances [ t ]: Floor * dbflnstances *255 (6-105)
4 N4SampleBlksInSegment [ t ]

Ngpeinstancesl t]1s the number of deblocking filtering instances in the specified period. It is derived from
portion_deblocking_instances| t ] and Nyq, 1 ,1eBlksinseement| t ] 10 the slice[ t] or tile[ t ] or subpicture[ t].

bortion_sao_filtered_blocks][ t ] indicates the portion of SAO filtered blocks in the slice[ tJyor|tile[ t ]
pr subpicture[ t ], using 4-samples block granularity. At the encoder side, it is set equal-£0)P,}g sl t]
romputed as follows:

Ng.oFi t
PaoBiks [ t ]: Floor saoFilteredBlks [ ] %955 (6-106)
4SampleBlksInSegment [ t ]

NV..oFilteredBiksl t ] is the number of SAO filtered blocks in the slice[ t ] or tile[ t ] or subpicture[ t|], using
t-samples block granularity. It is derived from portion_sao_filtered_blaeks[ t ], Nysampieiksinsegmentl t1]
n the decoder.

portion_alf filtered_blocks[ t ] indicates the portion of ALF filtered blocks in the slice[ t ] or|tile[ t ]
pr subpicture[ t |, using 4-samples block granularity. At the.encoder side, it is set equal to P} t]
computed as follows:

N_1eri t
PalfBlks [ t ]: Floor alfFilteredBlks [ ] *)55 (6-107)
4SampleBlksInSegment [ t ]

NV ifFilceredpiksl t ] 1S the number of ALF filtered blocks in the slice[ t ] or tile[ t ] or subpicture] t|], using
t-samples block granularity. It is derived from portion_alf_filtered_blocks[ t ], NysampieBiksinsegmentl t ]
n the decoder.

6.3 Interactive signalling for remote decoder-power reduction

b.3.1 General
For point-to-point videoconferencing, each device contains a transmitter and a receiver. A loca] device

sends metadata that/instructs the remote device to modify the decoding complexity of the bitstream
hind thus reduce local decoder-power consumption.

b.3.2 Syntax

['he syntax for interactive signalling for remote decoder-power reduction is described in Table 11.

Table 11 — syntax for interactive signalling for remote decoder-power reduction

Descriptor
dec_pow_reduction_type u(2)
if (dec pow reduction type = = 0) {
dec_ops_reduction_req s (6)
else if (dec pow reduction type = = 1) {
disable loop_ filters u(l)
disable bi_prediction u(l)
disable intra in B u(l)
disable fracpel filtering u(l)
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Table 11 (continued)
user_defined req u(2)
}
else if (dec pow reduction type = = 2) {
pic_width _in luma_ samples u(l4)
pic_height in luma_ samples u(l4)
frames_per_second u(10)
}

6.3.3 [Signalling

The trajnsmitter in each device sends a decoding operation reduction request (DOR-Req) message tq
the attgntion of the remote encoder. In a first mode (dec_pow_reduction_type equal to 0], this message
requesfs the remote encoder to adjust its encoding parameters so that ideally, whenthe local decodet
decodes the bitstream, the power saving of the local decoder matches the power [saving implied by
the DOR-Req message. In a second mode (dec_pow_reduction_type equal to 1), this message requestg
the renjote encoder to disable coding tools so that, when the local decoder décodes the bitstream, thg
power ¢onsumption of the local decoder is decreased. In a third mode (dec.pow_reduction_type equa
to 2), this message requests the remote encoder to adjust the picture reselution and video frame rate
so that|when the local decoder decodes the bitstream, the power constimption of the local decoder is
decreaged.

6.3.4 |Semantics

dec_poy_reduction_type indicates the type of the decoderpower reduction method which is requested
by the 1leceiver. The type is indicated by an unsigned integer. The types are explained in Table 12.

Table 12 — definition of'dec_pow_reduction_type

dec_pow_reduction_type Definition
0 Decoder operations reduction
1 Coding tool configuration
2 Spatial and temporal scaling
3 Undefined

dec_opsg_reduction_req indicates the requested variation of local decoding operations relative to the
local dgcoding operations since the last dec_ops_reduction_req was sent to the transmitter, or since thg
start of the video session, if no earlier dec_ops_reduction_req was sent. dec_ops_reduction_req is ar
integer|in the interval{-31, 32]. When not present, dec_ops_reduction_req is set equal to 0.

PpecopsReductionieq 1S derived by dec_ops_reduction_req and indicates the requested percentage changg
of local[decoding operations by

Py =2*d. (6-108]

T

Yal Radaiat: R
eeopseauctroneq

where d,., is set equal to dec_ops_reduction_req.

A negative percentage means a decrease of decoding operations. PpqcopsreductionReq 1S @l integer in the
interval [-62, 64] in steps of two.

disable_loop filters equal to 1 indicates thatloop filters are requested to be disabled, disable_loop_filters
equal to 0 specifies that loop filters are requested to be enabled. Loop filters include, upon availability,
the deblocking filter, sample adaptive offset, and the adaptive loop filter.

disable_bi_prediction equal to 1 indicates bi-prediction is requested to be disabled in B slices. disable_
bi_prediction equal to 0 indicates bi-prediction is requested to be enabled in B slices.
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disable_intra_in_B equal to 1 indicates intra prediction is requested to be disabled in B slices. disable_

intra_in_B equal to 0 indicates intra prediction is requested to be enabled in B slices.

disable_fracpel_filtering equal to 1 indicates fractional pel filtering is requested to be disabled in P
slices or B slices. disable_fracpel_filtering equal to 0 indicates fractional pel filtering is requested to be

enabled in P slices or B slices.
user_defined_req indicates a request to enable or disable user-defined coding tools.

pic_ width_in _luma_samples indicates the requested picture width in the units of luma samples.

‘rames_per_second indicates the requested frame rate.

7/ Display power reduction using display adaptation

7.1 General

fomprised of RGB-component statistics and quality indicators. The Statistics are used to set
controls in the presentation subsystem so that desired quality lévels and corresponding display
reductions are attained.

7.2 Syntax

7.2.1 Systems without a signalling mechanisnifrom the receiver to the transmitter

Table 13 — syntax for display power reduction

bic_height_in_luma_samples indicates the requested picture height in the units of luma sample§.

With respect to the functional architecture, display adaptation—~(DA) provides green mptadata

display
y power

[he message format used to send metadata from the transmitter to the receiver is described in Table 13.

Descrigtor
num_constant_backlight voltage time_intervals u(2)
num _max variations u(2)
num_quality levels u(4)
for (3 = 0; j < num mak variations; j++) {
max_variation[j\] u(8)
}
for (k = 0;-k_X num constant backlight voltage time intervals; k++) {
constantrbacklight voltage_time interval[ k ] u(le)
for _th~ 0; J < num max variations; J++) {
lower bound[ k 1[ J 1] u(8)
if (lower bound[ k J[ J ] > 0) {
upper_bound[ k ][ j 1] u(8)
}
rgb_component_for_ infinite psnr[ k ][ j 1] u(8)
for (i = 1; i <= num quality levels; i++) {
max_rgb_component[ k ][ j 1[ i ] u(8)
scaled psnr_rgb[ k 1[ j ][ i 1 u(8)
}
}
}
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7.2.2 Systems with a signalling mechanism from the receiver to the transmitter

The receiver first uses the message format to signal information to the transmitter described in
Table 14.

Table 14 — syntax from receiver for display power reduction

Descriptor
constant_backlight voltage time_ interval u(le)
max_variation u(8)

The trapsmitter then uses the message format to signal metadata to the receiver described in Table 15

Table 15 — syntax to receiver for display power reduction

Descriptor
num_quality levels u(4)
lower_ bound u(8)
if (lower bound > 0)
upper_bound u(8)
rgb_component_for_ infinite psnr u(8)
for (i = 1; 1 <= num quality levels; i++) {
max_rgb_component[ i ] u(8)
scaled _psnr_rgb[ i ] u(8)
}

7.3 Sjgnalling

7.3.1 |Systems without a signalling mechanism from the receiver to the transmitter

Green retadata can be carried as specified in ISO/IEC 13818-1 or it can be carried in metadata tracks
within the ISO base media file format (ISO/IEC 14496-12), as specified in ISO/IEC 23001-10. Using thg
format fin 7.2.1, the transmitter sends’'a message to the receiver. The DA metadata is applicable to thg
presentation subsystem until the next message containing DA metadata arrives.

7.3.2 [Systems with a signalling mechanism from the receiver to the transmitter

Using the first messageformat described in 7.2.2, the receiver first signals constant_backlight_voltage|
time_interval and max)variation to the transmitter. The transmitter then uses the second messagg
format fin 7.2.2 toseénd a message to the receiver. The DA metadata is applicable to the presentatior]
subsystfem untikthe next message containing DA metadata arrives.

7.4 Spmantics

num_constant_backlight_voltage_time_intervals indicates the number of constant backlight/voltage
time intervals for which metadata is provided in the bitstream.

num_max_variations indicates the number of maximum variations for which metadata is provided in
the bitstream.

num_quality_levels indicates the number of quality levels that are enabled by the metadata, excluding
the NQLOP.

max_variation[ j ] indicates the maximal change between backlight values of two successive frames
relative to the backlight value of the earlier frame. The backlight value for a frame is the value of
VBacklightScalingFactor[ k ][ j ][ i ] for that frame. VBacklightScalingFactor[ k ][ j ][ i ] is derived from maX-l‘gb_
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component[ k ][ j ][ i ] and the peak signal variable Pg, as (max_rgb_component[ k ][ j][i] / Pg) for the

kth constant_backlight_voltage_time_interval, jth max_variation and ith quality level.

max_variation is in the range [0.001, 0.1] and is normalized to one byte by rounding after multiplying

by 2 048. This is the jth maximal backlight change for which metadata is provided in the bit
where 0 <=j < num_max_variations.

constant_backlight_voltage_time_interval[ k | indicates the minimum time interval, in millis
that shall elapse before the backlight can be updated after the last backlight update. This is

minimum time interval for which metadata is prnvidpd inthe bitstream where Q <=k <num ¢

stream,

econds,
the kth
nstant_

backlight_voltage_time_intervals.

ower_bound[ k ][ j ] indicates if lower_bound[ k ][ j ] is greater than zero, then metadata for g
bnhancement is available at the lowest quality level, for the kth constant_backlight voltag
nterval and jth max_variation. If lower_bound[ k ][ j ] = 0, then contrast-enhancenient met3
inavailable.

hpper_bound[ k ][ j ] indicates for the kth constant_backlight_voltage_tithe’interval and j}
Variation, if lower_bound[ k ][ j ] is greater than zero, then contrast efihancement is perfor

j ] are set to zero and all RGB components that are greater than or équal to upper_bound[ k ]
baturated to Pg. The RGB components in the range (lower_bound{’k ][ j ], upper_bound[ k ][
mapped linearly onto the range (0, Pg).

rgb_component_for_infinite_psnr[ k ][ j ] indicates for the k*'constant_backlight_voltage_time_
ind jth max_variation, the largest RGB component in the/réconstructed frames. Therefore, thg
rames Fg.jeqrramesl K 1L J ][ 0 ] are identical to the réeconstructed frames. The rgb_compon
nfinite_psnr[ k][j] defines a no-quality-loss operating point (NQLOP) and consequently Fs,cqr
j 1L 0 ] have a PSNR of infinity relative to the regonstructed frames.

max_rgb_component[ k ][ j ][ i ] indicatesfor the kth constant_backlight_voltage_time_inte
max_variation and ith quality level, the maxithum RGB component that is retained in the frameg
| <=i<=num_quality_levels.

Note that max_rgb_component[ kJ[§.][ 0 ] = rgb_component_for_infinite_psnr[ k][] ].

bcaled_psnr_rgb[ k ][ j ][ i ] indicates the PSNR of Fs . jeqrramesl K ][] 1[ 1] relative to the recons
rames. Fgealedrramesl K JIJSH"i ] are for the kth constant_backlight_voltage_time_interval, j
Jariation and ith quality-level, the frames obtained from the reconstructed frames by satur
max_rgb_component[-k }j ][ i ] all RGB components that are greater than max_rgb_component
i], where 0 <=1 <znwm_quality_levels.

scaled_psnr_rgb{K ][ j ][ i ] is set equal to the PSNR value vpgyp, defined as follows for 0 < i 9
quality_levels:

2
P “*w*h*N, *N
vpsnr =Clip| Round| 10 Log; S colour  !Vframes

ontrast
e_time_
idata is

h max_
med as

follows: All RGB components of reconstructed frames that are less than,or equal to lower_boyind[ k ]

[j]are
j 1) are

nterval
p scaled
bnt_for_
k]

ames[

Fval, jth
, where

tructed
h max_
nting to

[kI[j]

= num_

(71

N N R ’
Vn_frlamesv colourS‘ N,,,“(”*(I_Xr\

S
\H = Z7 =1 ZTT=X,F1 A} 7 })}

where

— w is the width of a video frame.
—  his the height of a video frame.

—  N_olour i the number of colour channels. For RGB colourspace, N, 3.

colour —

Nfames 1S the number of frames in the reconstructed frames.
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8.1 General

The grden metadata specified in this clause can enable a client in an adaptive streaming session, such a5
DASH, tp determine decoder and display power-saving characteristics of available video representations
and to delect the representation with the optimal quality for a given power-saving.

Two types of green metadata are defined as follows:

— dedoder-power indication metadata gives the potential decoder power\saving of each available
representation of a video Segment (as defined in ISO/IEC 23009-1:2022,.3:1.40);

— dis

Segment for a specified number of quality levels. This metadatads computed without any constrain{

on
on

thelmetadata is produced with the assumptions that maxyvariation is mathematically infinite and
thatt constant_backlight_voltage_time_interval is less;than or equal to the interval between twq
sugcessive frames.

82 S

The dedoder-power indication metadata is apair of decoder operations reduction ratios. The syntax i
described in Table 16.

The digplay-power infdication metadata contains a list of ms_num_quality_levels pairs. The syntax i
described in Table 1%

83 S

Green

C23001-11:2023(E)

N, (1) is the number of RGB components samples that are set to [ in the nth frame of col-
our-channel c in reconstructed frames.

X, is max_rgb_component[ k][ j][1].

at scaled_psnr_rgb[ k][j][ 0] is associated with the NQLOP. It is not transmitted but understood
athematically infinite.

fFici lia selecti

play-power indication metadata gives the maximum potential display power saving of a vided

he maximal backlight change between two successive frdmes and with no practical restrictior]
the minimum time interval between backlight updates.“Therefore, using the semantics of 7.4

yntax

Table 16 == syntax for decoder-power indication

Descriptor
dec_ops_reduction ratio_from max u(8)
dec_ops_reduction ratio_from prev s(16)

Table 17 — syntax for display-power indication

Descriptor
ms_num_quality levels u(4)
ms_rgb_component for infinite psnr u(8)
for (i = 1; 1 <= ms _num quality levels; i++) {
ms_max_rgb_component[ i ] u(8)
ms_scaled psnr_rgb[ i ] u(8)
}
ignalling

metadata may be carried in metadata tracks within the ISO base media file format

(ISO/IEC 14496-12). Such carriage is specified in ISO/IEC 23001-10.

40
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In the context of DASH delivery, a specific adaptation set within the MPD can define the available
green metadata representations and their association to the available media representations, using
the signalling mechanisms specified in ISO/IEC 23009-1 and ISO/IEC/TR 23009-3[4! and illustrated in
Annex B.

8.4 Semantics

8.4.1 Decoder-power indication metadata semantics

lec_ops_reduction_ratio_from_max(i) indicates the percentage by which decoding operatipns are
reduced in the ith representation compared to the most demanding representation of-the fcurrent
yideo Segment. dec_ops_reduction_ratio_from_max(i) is set equal to dycpequcratiorrommaxld) defived as
follows:

NMaxNumDecOps - NDecOps (1)

d i)=Floor

opsReducRatioFromMax ( *100 (8'1)

NMaxNumDecOps

ViaxNumbecops 1S the estimated number of decoding operations required for the most demanding

representation of the current video Segment.

Vpecops() is the estimated number of decoding operations requited for the ith representation of the
furrent video Segment.

lec_ops_reduction_ratio_from_prev(i) indicates the peréentage by which decoding operatipns are
reduced in the current video Segment compared to the previous video Segment for the ith represgntation
n a given Period (as defined in ISO/IEC 23009-1:2022,°3.1.34). A negative value means an incfease in
lecoding operations. dec_ops_reduction_ratio_frem: prev(i) is set equal to d

. OpSReduCRatioFromPrev(l)
Herived as follows:

d

i)=Floor (8-2)

opsReducRatioFromPrev (

NPrevDecOps (1) & NDecOps (1) £100
NDecOps (1)

f the current video Segment is the first Segment of a Period, then dec_ops_reduction_ratip_from_
pbrev(i) is set equal to 0.

Vprevbecops(1) 1S the estimatednumber of decoding operations required for the ith representation of the
previous video Segment.in a given Period. If the current video Segment is the first Segment of a|Period,

then NPrevDecOps(i) = NDecOps(i)'

B.4.2 Display:power indication metadata semantics
ms_num_quality_levels indicates the number of quality levels that are enabled by the metadata.

ms_rgb ‘component_for_infinite_psnr indicates the average, over the N reconstructed frames of the
VideotSegment, of the largest RGB component in each of the reconstructed frames.

mS max_rgb_component[ i ] indicates for the ith quality level (1 <= i <= num_quality_levels), the gverage,
over the N reconstructed frames of the video Segment, of the maximum RGB component that is retained
in each of the reconstructed frames.

Note that ms_max_rgb_component[ 0 | = ms_rgb_component_for_infinite_psnr.

ms_scaled_psnr_rgb[ i ] indicates for the ith quality level (1 <= i <= num_quality_levels), the average,
over the N reconstructed frames in the video Segment, of scaled_psnr_rgb[ i ] computed for each frame
as defined in 7.4, with N, ... = 1. Note that ms_scaled_psnr_rgb[ 0 ] is associated with the NQLOP. It is
not transmitted, but understood to be mathematically infinite.
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9 Metrics for quality recovery after low-power encoding

9.1 General

An encoder can achieve power reduction by encoding alternating high-quality and low-quality
Segments, in a segmented delivery mechanism such as DASH. The power reduction occurs because low-
complexity encoding mechanisms are used to produce the low-quality Segments. A metric describing
the quality of the associated picture or subpicture is delivered as metadata to the decoder. The metric is
utilized, by the decoder, in conjunction with the associated frame or subpicture of the prior high-quality
Segmerlt to enhance the quality of the low-quality Segment and, thereby, ameliorate any negative visna
impact{Annex B describes in detail how cross-segment decoding may be used to improve the quality of
the lowtquality Segments.

9.2 Syntax

9.2.1 |AVC and HEVC syntax

For AV( and HEVC bitstreams, the encoder embeds the metadata message in<th€ last picture of each
Segmerlt using the syntax of Table 18.

Table 18 — syntax for quality metrics for AVC and HEVC

Descriptor
xsd_metric_type u (®)
xsd_metric_value WUN16)

9.2.2 |VVC syntax

For VVC bitstreams, the encoder embeds the metadata message in the associated picture using the
syntax pf Table 19.

Table 19 — syntax for quality metrics for VVC

Descriptor
xsd_subpic_numberiminusl u(le)
xsd_subpic_id[~1-] u(le)
xsd_metric_pumber minusl[ i ] u(8)
xsd metrie“type[ i ][ j 1 u(8)
xsd_metric_value[ i ][ j 1 u(le)

9.3 Sjgnalling

SEI mefsages~can be used to signal green metadata in an AVC, HEVC or VVC bitstream. The greer]
ata-SEI message payload type for AVC is spec1f1ed in ISO/IEC 14496 10 The green metadata SE

message53 3 d 008- |

metadata SEI message payload type for VVC is spec1f1ed in Internatlonal Standard ISO/IEC 23090 3,

The SEI message for green metadata can be used to signal the preceding message as explained in
Annex A.
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9.4 Semantics

9.4.1 AVCand HEVC Semantics

xsd_metric_type indicates the type of the objective quality metric as shown in the Table 20. P

SNR, as

defined in ISO/IEC 23001-10, is the only type currently supported. A definition of PSNR is provided in

Annex D.

Table 20 — specification of xsd_metric_type for AVC and HEVC

Value Description
0x00 PSNR
0x01-0xFF User-defined

ksd_metric_value contains the metric value of the last picture of the Segment. When xsd_met

Ualue (in dB) as follows, with m set equal to xsd_metric_value:

m

VpsNr = 100

D.4.2 VVC Semantics

ksd_subpic_number_minus1 plus 1 indicates the numbé€p of subpictures associated with the
bpecified in the SEI message. The value of xsd_subpicssnumber_minus1] i ] shall be in the rangg
MaxSlicesPerAu - 1, inclusive, where MaxSlicesPerAutis defined in ISO/IEC 23090-3.

ksd_subpic_id[ i ] indicates the subpicture ID of the ith subpicture.

ksd_metric_number_minus1[ i | plus 1 indicates the number of objective quality metrics asg
vith the ith subpicture.

ksd_metric_type[ i ][ j ] indicates the type of the jth objective quality metric associated W
th subpicture as shown in Table-21. PSNR, wPSNR, WS-PSNR and SSIM are the only types cu
supported. Definitions of PSNR, WPSNR, WS-PSNR and SSIM are provided in Annex D.

Table 21 — specification of xsd_metric_type for VVC

Value Description
0x00 PSNR

0x01 SSIM

0x02 wPSNR

0x03 WS-PSNR
0x04-0xFF User-defined

ic_type

s 0, then the stored 16-bit unsigned integer xsd_metric_value, is interpreted“as-a floating-point Vpgyr

(9.1)

metrics

b of 0 to

ociated

rith the
rrently

b2 | Ao ] | - | o +la ] £ 4] :th L 43 L daas radtad T
ASU_TIICTI IC _VaTucTT 1T 77 T LUITLATITS tIIC vaTutTUT tIIcT] OUUJCLIvVEUudITt y TIICTT TL 455U Tattu Wit

the ith

subpicture. When xsd_subpic_number_minus1 is equal to 0, xsd_metric_value[ 0 ][ j ] contains the value

of jth objective quality metric of the associated picture.
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When x

sd_metric_type[i][j]is O, then the stored 16-bit unsigned integer xsd_metric_value[i][j ], is

interpreted as a floating-point Vpgyg value (in dB) as follows, with m set equal to xsd_metric_value[ i ]

[i]:

VpsNr =

m
— 9.2
100 (5:2)

When xsd_metric_type[ i ] is 1, then the stored 16-bit unsigned integer xsd_metric_value[ i ][ j ], is
interpreted as a floating-point Vggy, value as follows, with m set equal to xsd_metric_value[i ][] ]:

Vss

When 3
interpr

[

%4

wh

When 3
is inter
value[ i

Vg

10 Co

Conforinance and reference software for green metadata shall be used as specified in Annex C.

m

=— 9,3]
M~ 100 (93]
sd_metric_type[ i ] is 2, then the stored 16-bit unsigned integer xsd_metric_valuefi’][j ], i

pted as a floating-point V, pgyg value (in dB) as follows, with m set equal to xsd_metric_value[ i |

m
=— 9.4]
SNR =700 (9.4]

tsd_metric_type[ i ] is 3, then the stored 16-bit unsigned integer-xsd_metric_value[ i ][ j ]

preted as a floating-point Vyyg_psyg Value (in dB) as follows, with™m set equal to xsd_metric]
16 ):
m
= 9.5]
~PSNR =70 (9.5]

hformance and reference software
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Annex A
(normative)

Supplemental Enhancement Information (SEI) syntax

|

A.1 Syntax and semantics of green metadata SEI message carried in AVCdih

nits (19

NG
['his clause describes the payload syntax and semantics if payloadType 56 appears i,ﬁ\an AVC NAL unit
vith nal_unit_type set to 6. N

A.1.1 Syntax q(,b
O
green metadata (payload size) { \(O Descriptor
green_metadata_ type ~ O\ u(8)
switch (green metadata type) { k\\o
O\
case 0: yo
period_type AO\ u(8)
if ( period type == 2) || ( perioditype&\é 7) |
num_seconds \0\ u(16)
: N
else if ( period type = = 3 ) || i&o\e'::iod_type = =8 ) {
num _pictures ’\\Q‘ u(l6)
=y
} \9
if ( period type = = 8 )
temporal map (‘}\v u(8)
h

for ( t=0; t<8; &+ ) {
if ( (temp(ﬁ&:map>>t)%2 == 1)
num __Pig:vures_in_temporal_layers[ t ] u(le)
) o)
b N
if @}v?iodﬁtype <= 3) {

/@tion_non_zero_8x8_blocks u(8)
Q\*ﬁortion_intra __predicted_macroblocks u(8)
,(?‘\ portion_six tap filterings u(8)
@‘ portion_alpha point_deblocking instances u(8)
}
else if (period type= = 4) {
for ( 1=0; i<= num slice groups minusl; i++ ) {
num_slices_minusl[ i ] u(le)
}
for ( 1i=0; i<= num slice groups minusl; i++ ) {
for ( j=0; j<=num slices minusl[ i ]; Jj++ ) {
first mb_in slice[ i ][ j ] u(le)
portion_non_zero_ 8x8 blocks[ i ][ j ] u(8)
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portion_intra predicted macroblocks[ i ][ J 1 u(8)
portion_six tap filterings[ i ][ j 1 u(8)
portion_alpha point_deblocking instances[ i ][ j 1] u(8)
}
}
}
else if ( period type >= 5) && ( period type <= 8) {
[ ITum_tayers_minust T(I0)
for (1=0; 1<= num layers minusl; 1++ ) {
picture_parameter_set_id[ 1 ] u(8)
priority id[ 1 ] u(6)
dependency id[ 1 ] u(3)
quality id[ 1 ] P>
temporal id[ 1 ] w(3)
portion_non_zero 8x8 blocks[ 1 ] u(8)
portion_intra predicted macroblocks[ 1 ] u(8)
portion_six tap_ filterings[ 1 ] u(8)
portion_alpha point_deblocking instances[ 1 ] u(8)
}
}
break;
cape 1:
xsd_metric_type u(8)
xsd_metric_value u(le6)
break;
deffault:
}
}
A.1.2 |Semantics
green

metad

A.2 Syntax and semantics of green metadata SEI message carried in HEVC NAL

_;r:etadata_type specifies-the type of metadata that is present in the SEI message. If green]
a_type is 0, thenscomplexity metrics are present. Otherwise, if green_metadata_type is 1
then metadata enabling-quality recovery after low-power encoding is present. Other values of green|
metadajta_type are reserved for future use by ISO/IEC.

units
T}}is clause (‘.Aescribes the payload-syntaxandsemantiest By Ao HEVENALuni
with nal_unit_type set to PREFIX_SEI_NUT.
A.2.1 Syntax

green metadata( payload size ) { Descriptor

green_metadata_type u(8)

switch ( green metadata type) {

case 0:
period_type u(8)
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if ( period type == 2 ) {
num_seconds u(le)
}
else if ( period type = = 3 ) {
num_pictures u(le)
}
if ( period type <= 3 ) {
portion_non_zero_blocks_area u(8) ~
if ( portion non zero blocks area != 0 ) { (\(]/D
portion_8x8 blocks_in non_zero_area u (4 >
portion_16x16_blocks_in non_zero_area Q{'N’)
portion_32x32 blocks_in_non_zero_area r\'\’ u(8)
) Q”
portion_intra predicted blocks_area _ q/_} u(8)
if ( portion intra predicted blocks area = = 255) OU
portion_planar blocks_in_intra_ area r\\\v u(8)
portion_dc blocks_in_intra area \O)V u(8)
portion_angular hv blocks_in_intra area ,‘\\\ u(8)
) &
else { 0\)‘
portion_blocks_a c d n filterings ) \\\\ u(8)
portion_blocks_h b filterings h\\J’ u(8)
portion_blocks_f_i_k_q_fi1terin@‘o u(8)
portion_blocks_j filterings $ - u(8)
portion_blocks_e_g_p_r_filf’egings u(8)
~
} XS)
portion_deblocking_insttékces u(8)
\4
) C}\
else 1if( periodﬁty}\%’% =4 ) {
max_num_slices es_minusl u(le)
for ( t=0; tem\efx_num_slices_tiles_minusl; t++ ) |
first A‘:j:n_slice_or_tile[ t ] u(16)
port@\\z_/non_zero_blocks_area[ t ] u(8)
@grtioninonizeroiblocksiarea[ t ] !'= 0) {
‘V\Cgortion_8x8_blocks_in_non_zero_area[ t ] u(8)
s\\)‘ portion_16x16_blocks_in non_zero_area[ t ] u(8)
y; V) portion_32x32 blocks_in non_zero_area[ t ] u(8)
AN
portion_intra predicted blocks_area[ t ] u(8)
if ( portion intra predicted blocks areal t ] = 255
portion_planar blocks_in_ intra area[ t ] u(8)
portion_dc_blocks_in_intra area[ t ] u(8)
portion_angular hv blocks_in _intra area[ t ] u(8)
}
else {
portion_blocks_a c d n filterings[ t ] u(8)
portion_blocks_h b filterings[ t ] u(8)
portion _blocks_f i k g filterings[ t ] u(8)
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portion_blocks_ j_filterings[ t ] u(8)
portion blocks e g p r filterings[ t ] u(8)
}
portion_deblocking_ instances[ t ] u(8)
}
}
break;
calse 1z ~
Ixsd_metric_type u(s) r\q;)
|xsd_metric_va1ue u(le6) q>-)
pbreak; ,\'\’
deffault: (\\,
} %QV
) S %
A.2.2 [Semantics O\\Q/
green_;retadata_type specifies the type of metadata that is present‘\h&he SEI message. If green]
metadafta_type is 0, then complexity metrics are present. Otherwisge"if green_metadata_type is 1

then metadata enabling quality recovery after low-power encoding(is present. Other values of green|
metadafta_type are reserved for future use by ISO/IEC. Q

S
A.3 Syntax and semantics of green metadatg{@ﬁ message carried in VVC NAL
units Q

This cld

with nal_unit_type set to PREFIX_SEI_NUT. \O

use describes the payload syntax and seﬁ&tics if payloadType 56 appears in a VVC NAL unif

A.3.1 |Syntax \\C\)J‘~
J
green metadata( payload size ) &'. Descriptor
greep_metadata_type ('\\\‘ u(8)
N
switfch ( greenimetadata‘@e) {
casp 0: U’
. &
ppriod_type (o2 u(4)
g|ranularity_);§g}v u(3)
ektended_ﬁ@&gentation_flag u(l)
A)
iff ( perded type - = 2 ) {
n }e\conds u(16)
N
<
else if ( period type = = 3 ) {
num_pictures u(le)

}

if ( granularity type = = 0 ) {
portion_non_zero_blocks_area u(8)
portion_non_zero_transform coefficients_area u(8)
portion_intra predicted blocks_area u(8)
portion_deblocking instances u(8)
portion_alf instances u(8)
if ( extended representation flag ) {
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if ( portion non zero blocks area != 0 ) {
portion_non_zero_4_8 16 _blocks_area u(8)
portion_non_zero 32 64_128 blocks_area u(8)
portion_non_zero_256_512_ 1024 blocks_area u(8)
portion_non_zero_2048 4096 _blocks_area u(8)
}
if ( portion intra predicted blocks area < 255 ) {
portion—bi—and—gpm—predicted—blecks—axea -8
} ol = — . ., ! = o7
portion_bdof blocks_area u(8) ﬂ(b
|4
) a
: : v
portion_sao_instances uk(B\ ‘
N
) Ah\,
) V)
fa)
else if( granularity type <= 3 ) { q/:)
max_num_segments_minusl (/U u(le)
for ( t=0; t<= max num segments minusl; t++ ) { f'\\\v
segment_address[ t ] \O)\J u(leé)
portion_non_zero blocks_area[ t ] ,‘\\\ u(8)
portion_non_zero_transform_coefficients_areg Y 1 u(8)
portion_intra predicted blocks_area[ t ] AQ\ u(8)
portion_deblocking instances[ t ] \\‘( u(8)
portion alf filtered blocks[ t ] O u(8)
if | extendedirepresentationiflag\(ﬂg){
) . N>
if | portloninonizeroiblocksgea[ t] = 0) {
portion_non_zero_4_8_1Grb&cks_area[ t ] u(8)
portion_non_zero_32_§®1‘28_blocks_area[ t ] u(8)
potion_non_zero_25’&51'2_1024_blocks_area[ t ] u(8)
portion_non_zero 2048_4096_blocks_area[ t ] u(8)
} LY
[N rs
if | portio@\cra_predicted_blocks_area[ t ] < 255 ) {
portion_(Bj\.fpredicted_blocks_area[ t ] u(8)
porgi@_’bdof_block_area[ t ] u(8)
) CA\‘O
on_sao_filtered blocks[ t ] u(8)
\
Y
D
£X"
% break;
case 1:
xsd_subpic_number minusl u(le)
for ( 1i=0; i<= xsd subpic number minusl; i++ ) {
xsd_subpic_idc[ i ] u(le)
xsd_metric_number_minusl[ il] u(8)
for ( j=0; j<= xsd metric number minusl[ i 1; Jj++ ) {
xsd_metric_typel[ i ][ J 1 u(8)
xsd _metric value[ i ][ j 1 u(le)
}
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}

break;

default:
}

}

A.3.2 Semantics

green_;txetadata_type specifies the type of metadata that is present in the SEI message. If green)|
metadafta_type is 0, then complexity metrics are present. Otherwise, if green_metadata_type~is/1
then metadata enabling quality recovery after low-power encoding is present. Other values of green|
metadafta_type are reserved for future use by ISO/IEC.
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Annex B
(informative)

Implementation guidelines for the usage of green metadata

B.1 Codec dynamic voltage frequency scaling for decoder-power reduction

B.1.1 General

Codec Dynamic Voltage Frequency Scaling (C-DVFS) uses the DVFS technique to-scale the volthge and
pperating frequency of the CPU to achieve power savings while decoding a bitstream. Typicplly the
lynamic power consumption of a CMOS circuit increases monotonically with the operating frejquency.
[he power-optimization module at the receiver extracts the complexity Mmetrics (CMs) metadata that
ndicates picture-decoding complexity. It uses these CMs to determineafd set the optimum operating
boltage and frequency of the CPU so that video pictures are correctly decoded with minimal power
ronsumption. By embedding these CMs as metadata into the bitstfeam at the encoder, C-DVFS g¢nabled
receivers achieve power reduction.

B.1.2 Derivation of the complexity metrics

p.2.2 specifies CMs associated to AVC: portion_non_zero_8x8_blocks, portion_intra_pregdicted_
macroblocks, portion_six_tap_filterings and _ portion_alpha_point_deblocking_instances,  The
computation of the first two CMs, as explained:in“6.2.4, is straightforward. However, computation of
portion_six_tap_filterings and portion_alpha_point_deblocking_instances is more involved. To provide
1 better understanding of these two CMs, thie next two subclauses describe how Ny, Numsixragritepic(i)
And NmaxAlphaPointDbfsPic(i) are derived.

filterings, portion_blocks_f i_k_gxfilterings, portion_blocks_j_filterings and portion_blocks_g_g p_r_
filterings. To provide a better understanding of these five CMs, the different sub-sample positioh a, b, c,
1, e, f, g h,i,j,k n,p,qandrtare represented in Figure B.1, where upper-case letters represent|integer

bamples and lower-case letters represent sub-sample positions derived.

p.2.2 specifies CMs associated tol.HEVC: portion_blocks_a_c_d_n_filterings, portion_blocks_h_b_

b.2.2 specifies CMs/associated to VVC: portion_non_zero_blocks_area, portion_non_zero_#_8_16_
blocks_area, portiohahion_zero_32_64_128_blocks_area, portion_non_zero_256_512_1024_blocks_area,
bortion_non_zero~2048_4096_blocks_area, portion_non_zero_transform_coefficients_area, portion_
ntra_predicted_blocks_area, portion_bi_and_gpm_predicted_blocks_area, portion_bdof blocks_area,
pbortion_deblocking_instances, portion_sao_filtered_blocks, portion_alf_filtered_blocks.

B.1.2:1. Deriving the worst-case, largest value for Ny, numsixtapFittpic(i)

[odetermine N, .. numsixTanFilipic(1), the following terms, as defined in ISO/IEC 14496-10, are referenced:
motion vector, PicSizeInMbs, reference picture list. At the decoder, the worst-case, largest number of
6-tap filterings (STFs) occurs in a picture when all partitions consist of 4x4 blocks that are interpolated.
The 4x4 blocks produce the largest number of STFs because the overhead from interpolating samples
that are outside the block is larger for 4x4 blocks than for 8x8 blocks as explained below.

In Figure B.1, upper-case letters represent integer samples and lower-case letters represent fractional
sample positions. Subscripts are used to indicate the integer sample that is associated with a
fractional sample position. The subsequent analysis is for the worst-case largest number of STFs for
the interpolation of the 4x4-block consisting of samples G, H, I, ], M\, N, P, Q, R, S, V, W, T, U, X, Y. This
interpolation shall be performed when a motion vector (MV) points to one of the following fractional-
sample positions: ag, bg, ¢, dg, e fo 8¢ he g je Ko N Pe A Te- If the MV points to ag, then the
decoder shall compute a; and the 15 points (ay, a, ...) that have the same respective relative locations
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toH,L,M,N,P,QR,S, VW, T,U,X,Y that a; has to G. Similarly, the decoder shall compute 16 points
for each of the other fractional-sample positions (b, cg, ..., r¢) that the MV can point to. To determine
the worst-case largest number of STFs for the interpolation of the 4x4 block, here is a count of the STFs
required for each fractional-sample position that the MV can point to.

A aa B
C D

E F G || bg|c[H |3y 13 J
dG eG fG gG

cc h | i.|J. 1k, ee ff
nG pG qG rG

~
=
=
=z
o
o

Figure|B.1 — Quarterssample interpolation of the 4x4-block consisting of samples G, H,1,]J, M, N
P,QR S VWTUXY

a) Ifthe MVpoints to b, then to interpolate b, the decoder shall apply 1 STFto E, F, G, H, I, ] which arg
already.available as integer samples. So 16 STFs are needed to compute bg, ..., by for the 4x4 block.

b) If the MV points to h, then to interpolate h, the decoder shall apply 1 STF to A, C, G, M, R, T which

are already available as integer samples. So 16 STFs are needed to compute hg, ..., hy for the 4x4
block.

c) Ifthe MV points to j, then to interpolate j;, the decoder shall apply 6 STFs to compute aa, bb, b, sy,
gg, hh because these are unavailable. Next, 1 STF is needed to compute j; from aa, bb, b, sy, gg, hh.
So 7 STFs are required for j.

1) To getjy, the decoder needs bb, b, sy, gg, hh, ii. Only ii is unavailable. So 2 STFs are needed for
jm (one for ii and one for jy,).

2) To getjg, the decoder needs 2 STFs (one for jj and one for jg).
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3) To getj, the decoder needs 2 STFs (one for kk and one for j;).

4) Therefore, for jg, jy, jg and jp, the decoder needs 7 + 2 + 2 + 2 = 13 STFs. Since the computation
is identical for each of the four columns GMRT, HNSU, IPVX and JQWY, the decoder needs 13 * 4
= 52 STFs to compute jg, ... jy for the 4x4 block.

d) If the MV points to a;, then to interpolate a;, the decoder needs 1 STF to get b (from (a)) and
therefore 16 STFs to compute ag, ..., ay for the 4x4 block.

e) If the MV points to c;, then to interpolate c, the decoder needs 1 STF to get b, (from (a)) and
therefore 16 STFs to compute cg, ..., ¢y for the 4x4 block.

) If the MV points to d;, then to interpolate d;, the decoder needs 1 STF to get h; (from (b)) and
therefore 16 STFs to compute dg, ..., dy for the 4x4 block.

p) If the MV points to ng, then to interpolate ng, the decoder needs 1 STF to get h; (from (b)) and
therefore 16 STFs to compute ng, ..., ny for the 4x4 block.

n) If the MV points to f¢, then to interpolate f;;, the decoder needs 7 STFs+o get j; (from (c)). Npte that
b is included in these 7 STFs. Therefore, from (c), 52 STFs are required to compute f, ... f\f for the
4x4 block.

) If the MV points to ig, then to interpolate i;, the decoder needs 7 STFs to get j;. Note thiat h is
computed by one of these 7 STFs. Therefore, 52 STFs are required to compute ig, ... iy for the 4x4
block. For this analysis, the row jg, jy, j;, jj is computed.first (to obtain hg) and then this prpcess is
repeated for the other 3 rows (MNPQ, RSVW, TUXYNin the 4x4 block. Previously, in (c), |column
GMRT was analysed first and the analysis was then.repeated for the other 3 columns (HNSY, IPVX,
JQWY).

) If the MV points to kg, then to interpolate R, the decoder needs 7 STFs to get j;. Note that m is
computed by one of these 7 STFs. Therefore, 52 STFs are required to compute Kg, ... ky for [the 4x4
block.

k) If the MV points to qg, then to interpolate q;, the decoder needs 7 STFs to get j;. Note that s is
computed by one of these 7 STEstTherefore, 52 STFs are required to compute qg, ... qy for [the 4x4
block.

) If the MV points to e, thento interpolate e, the decoder needs 2 STFs to get b and h; (from (a),
(b)). Therefore 32 STFS\are needed to compute e, ..., ey for the 4x4 block.

m) If the MV points to\g, then to interpolate g, the decoder needs 2 STFs to get b; and my. Therefore,
32 STFs are neéded to compute g, ..., gy for the 4x4 block.

n) If the MV poijits to pg, then to interpolate p, the decoder needs 2 STFs to get h; and s;. Therefore,
32 STFs are needed to compute pg, ..., py for the 4x4 block.

p) If the'WV points to rg, then to interpolate rg, the decoder needs 2 STFs to get mg and (. Therefore,
32STFs are needed to compute r, ..., ry for the 4x4 block.

From (a),...(n), the worst-case, largest number of STFs is 52, when the MV points to jg, fo, ic, K. or qg.
Since the overhead of filtering samples outside the block is smaller for larger block sizes, the worst case
STFs is when all partitions are 4x4 blocks and two MVs are used for each block (one from each reference
picture list). In this case, the worst-case, largest number of STFs in a picture is derived based on the
following pseudo-code:

N,

MasNumsixTapFiltpic (1) = (worst-case number of STFs in a 4x4 block)

* (worst-case number of reference picture lists)
* (PicSizeInMbs) * (number of 4x4 luma blocks in a macroblock)
= 52 * 2 * PicSizeInMbs * 16
= 1664 * PicSizeInMbs (B-1)
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B.1.2.2 Deriving the worst-case, largest value for Ny, ajphapointpbtspic(i)

To determine N, aXAlphapomtDbfsplc(l) the following analysis determines the worst-case, largest number
of alpha-point deblocking instances (APDIs) that can occur when deblocking a picture at the decoder.
The following terms, as defined in ISO/IEC 14496-10, are referenced: raster scan, PicSizeInMbs.

Consider a macroblock containing a 16x16 luma block in which the samples have been numbered in
raster-scan order as shown in Figure B.2. Upper-case roman numerals are used to reference columns of
samples and lower-case roman numerals are used to reference rows of samples For example column 1\
refers tg e 2 A 3

edges are 1nd1cated by an ordered palr that spec1f1es the columns Or rows on e1ther 51de of the edge
For example, edge (IV, V) refers to the vertical edge between columns IV and V. Similarly, edge (xiixdii]
indicat¢s the horizontal edge between rows xii and xiii. Note that the leftmost vertical edge -and thg
topmos|t horizontal edge are denoted by (0, I) and (0, i) respectively.

The maximum number of APDIs occurs when the 4x4 transform is used on each block andya single APD
occurs |n every set of eight samples across a 4x4 block horizontal or vertical edge denoted as p; and q
with i50..3 as shown in Figure 8-11 of ISO/IEC 14496-10.

For the|macroblock in Figure B.2, the vertical edges (0, 1), (IV, V), (VIII, IX) andAXII, XIII) are filtered
first. Then the horizontal edges (0,i), (iv, v), (viii, ix) and (xii, xiii) are filteréd)Now, when vertical edgg
(0, I) is|filtered, in the worst-case, an APDI occurs on each row of the edge because the q, samples 1
17, ... 241 will all be APDIs. Therefore, 16 APDIs occur in vertical edge\(0, I). Similarly, when vertica
edge (IY, V) is filtered, there are also 16 APDIs corresponding to thie 16 (p,, q,) sample pairs (20, 21)
(36, 37), ... (244, 245). Thus, there are 16*4 = 64 APDIs from vertical-edge filtering. After horizontal
edge filtering, there are an additional 64 APDIs because each horizontal edge contributes 16 APDIs. Fot
examplp, horizontal edge (viii, ix) contributes the 16 APDIs corresponding to the (p,, q,) sample pairg
(113,12%9), (114, 130), ..., (128, 144). Hence, in the worst-case, deblocking the luma block in a macroblock
produces 128 APDIs.

Next, C(Ellsider the two chroma blocks corresponding to the luma block in the macroblock. The worst
case number of APDIs is determined by the chroma sampling relative to the luma sampling.
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I II |HII (IV [V | VI [VII|VII|IX (X |XI [XII|XII| XIV|XV | XVI

ii 17 20 |21 24 |25 28 |29

iii |33 36 (37 40 |41 44 145

iv [49 [50 |51 |52 [53 |54 |55 |56 |57 [58 |59 (60 |61 |62 (63 |64

vi |81 84 |85 88 (89 92 |93

vii | 97 100|101 104|105 108 1109

viii | 113|114 115|116 |117 | 118( 119| 120|121 122 | 123| 124| 125|126 (127|128

ix [129(130(131|132(133|134 |135 (136|137 138|139 (140 | 141{142 (143 (144

X 145 148 1149 152|153 156 {157

xi |161 164 (165 168 (169 1721173

xii | 1771781179180 (181 (182 | 183|184 185186 487 (188 [ 189]190|191|192

Xiii | 193] 194195196 |197 [ 198 199|200 [ 2014202 [203 | 204| 205 [ 206 | 207 | 208

xiv | 209 212|213 216|217 220221
xv | 225 2281229 2321233 236237
xvi | 241 244 1245 2481249 2521253 256

Figure B.2 — 16x16 luma block. Upper-case roman numerals reference columns of sampl]
lower-case. réman numerals reference rows of samples

)  For each chroma blocks«in“4:2:0 format, two vertical edges and two horizontal edges are
Each edge contributes 8 APDIs, in the worst-case. So, 8%4*2 = 64 APDIs are produced by wo
deblocking of the two’/chroma blocks.

p) For 4:2:2 format, two vertical edges and four horizontal edges are filtered. Each vertid
contributes-16' APDIs and each horizontal edge contributes 8 APDIs. So, 2*(2*16 + 4*8) = 12
are proddced by worst-case deblocking of the two chroma blocks.

) For.4:4:4 format, the worst-case analysis for each chroma block is identical to that of th
luma'block. Therefore, 256 APDIs are produced by worst-case deblocking of the two chroma

1}~ Finally, for separate colour planes, the worst-case analysis of a 16x16 block is identical tg

es and

iltered.
Fst-case

al edge
B APDIs

b 16x16
blocks.

that of

16x16 Iuma block.

To conclude, since each picture has PicSizeInMbs macroblocks, the worst-case number of APDIs per

picture, is derived based on the following pseudo-code:

NmaXAlphaPointDbfsPic(i): PicSizeInMbs * (128 + 64) = 192 * PicSizelInMbs, for 4:2:0,
= PicSizeInMbs * (128 + 128) = 256 * PicSizeInMbs, for 4:2:2,
= PicSizeInMbs * (128 + 256) = 384 * PicSizelInMbs, for 4:4:4,

= 128 * PicSizeInMbs, for a single colour plane.
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Example usage of C-DVFS metadata

metadata may be signalled at a slice, layer, picture, group of pictures, or scene level and can

therefore be adapted to application requirements. Signalling may be done with SEI messages. With
SEl-message signalling, each time the SEI message is encountered by the decoder, a new upcoming
period begins. The value period_type indicates whether the new upcoming period is a single picture,
a single group of pictures, or a time interval (specified in seconds or number of pictures). Figure B.3
shows an example process for metadata extraction, complexity prediction, DVFS control-parameter
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ination and decoding under DVFS control. As an example, assume that the upcoming period
ptepicture. Themn, the SET message 15 parsed to obtaim portion_momn_zZero_8X8_blocks, portion]
redicted_macroblocks, portion_six_tap_filterings and portion_num_alpha_point_deblocking)
es. From these portion values and the corresponding worst-case instances the four CMs) arg
num_non_zero_8x8_blocks (n,,), num_intra_predicted_macroblocks (n,,), num,SiX_tap]
s (ng;,), and num_alpha_point_deblocking_instances (n,). Once the complexity parameters arg
, the total picture complexity (Cy;.) is estimated or predicted according to Formula*B-3:

— * * * * * * 1
t _kinit Ny +kbit Nyt +knz Npy +kintra Nintra +ksix Ngix +ko< N, (B'3,

pice Is the total picture complexity. The total number of macroblocks pérpicture (ny) and the
of bits per picture (n,;) can be easily obtained after de-packetizing the encapsulated packet
sing the sequence parameter set. Constants k;;., kpiv, Knz Kintras, Ksixrand K, are unit-complexity
ts for performing macroblock initialization (including parsed-data filling and prefetching)
it parsing, non-zero block transform and quantization, intra-block prediction, inter-block six
ring, and deblocking alpha-points filtering, respectively-Note that k_,, k; and kg, are fixed

nz’ “intra’ six
ts for a typical platform, while k;;, , ky;; » and k, can_be accurately estimated using a linea;
br from a previous decoded picture.

e picture complexity is determined, the decoder-applies DVFS to determine a suitable clocK
cy and supply voltage for the decoder. Then,.thé decoder can decode the video picture at the
[iate clock frequency and supply voltage.

FS-enabling SEI message can be insertéd into the bitstream on a slice-by-slice, layer-by-layer
tby-picture, scene-by-scene, or even-time-interval-by-time-interval basis, depending on thg
ing application. Therefore, the SElNmessage can be inserted once at the start of each picture
r time interval. A scene-interval'er time-interval inserted message requires less overhead thar
e-level inserted message. Fortprocessors that do not support high-frequency DVFS (e.g. adapting
5 for 30Hz video playback]), setting period_type to an interval is preferable to setting period_typ4
fure. Once all complexity metrics are obtained from the SEI message, the decoder estimates thg
kity for the next slic€, layer, picture, group of pictures, or time interval as indicated by period|
1is complexity is then used to adjust the voltage and frequency for the upcoming period.

dware (ASIC)implementation, instead of deriving decoding complexity and using it directly tc
a single clogk frequency in a DVFS scheme, the ASIC can be designed so that it includes severa
clock démains, each of which corresponds to one of the terms in Formula B-3. Greater powe}
bn can beé obtained by using such a flexible ASIC with distinct clock domains. For example, si
mdins in the ASIC can control the following six sections of the ASIC: macroblock initialization, bif

parsin

, transform and quantization, intra-block prediction, interpolation, and deblocking. To achieve

fine-grained DVFS adjustments, the clock frequencies in each domain may be varied in proportion to the
corresponding term in Formula B-3. Accordingly, the preceding clock domains can have instantaneous

clock fr
n.,k

nz’ “int

56

equencies that are respectively proportional to the following terms: k;;; * nyg, Kpit * Npier Knz *

i
* * *
ra  Mintra’ ksix Ngixs and ka Ny
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AVC bitstream + metadata

demux
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-1
AVC bitstream Cr, . !
|
DVFS control | Ko _kbit’ k,

| determined from

Frequency, | previous frame
Voltage |
AVC decoder ]

(with complexity profiler)

decoded Video

Figure B.3 — Example of parsing, complexity prediction, and DVFS control

B.2 Display adaptation

B.2.1 General

Display adaptation (DA) achieves power savings by/scaling up the RGB components in the reconsftructed
‘rames while reducing the backlight or voltage-proportionally. The decreased backlight or |voltage
reduces display power consumption while still producing the same perceived display. The metgdata in
¥.2.1 may be stored using the file format specified in ISO/IEC 23001-10 or the metadata may be|carried
by MPEG-2 systems as specified in ISOZIEC 13818-1.

B.2.2 Example usage of display-adaptation metadata

[he metadata scaled_psnr_rgb[ i ] indicates the PSNR for the ith quality level. At the tranpmitter,
reconstructed frames are-ayailable within the encoder and Fg,jcqprames| 1] 1S estimated by satjurating
11l RGB components of(reconstructed frames to max_rgb_component[ i |. The Fs . jeqrramesl | 1 thus
bbtained are what would be perceived at the display after the receiver scales the RGB components of
reconstructed frames by (Ps / max_rgb_component[ i ]), P being the peak signal and then applies the
packlight scalingAfactor, b = (max_rgb_component[ i ] / Pg) to the LCD backlight. scaled_psnr|rgb[ i ]
s computedat.the transmitter using Pg and by assuming that the noise is the difference Hetween
s caledFramestd ] and reconstructed frames accumulated over R, G and B components, as explained in 7.4.

[he receiver examines the (num_quality_levels + 1) pairs of metadata and selects the pair (mpx_rgb_
companent(iggecreql, Scaled_psnr_rgbligeecieql) for which scaled_psnr_rgblig.ecreq]l 1S an acdeptable
naality level. Then, the receiver derives DA scaling factors from max_rgb_component[ig.cteq]-[Finally,
the display scales the RGB components of reconstructed irames by Pg / max_rgb_component|igejecied]
and it scales the backlight or voltage level by max_rgb_component[igyjcceq] / Ps- After backlight scaling,
the displayed pixels are perceived as Fs . jeqrramesliselecteq]- The metadata clearly enables a trade-off
between quality (PSNR) and power reduction (backlight scaling factor).

The following power-saving protocol can be implemented in a mobile device. The user specifies a list
of N acceptable PSNR quality levels Q,[1]..., Q[ n ], where Q[1] > Q[2] > ...> Q[ n ] and a list of Remaining
Battery Life Levels (RBLLs) RBLL,[1]..., RBLL] n ] so that RBLL[1] > RBLL[2] > ...> RBLL[ n ]. For example,
consider N = 3 and Q[1] = 40, Q[2] = 35, Q[3] = 25 with RBLL[1] = 70 %, RBLL[2] = 40 % and RBLLI[3]
= 0%. When the user watches a video, the device monitors the actual RBLL, denoted RBLLactual, of
the device and selects RBLL[iggjecteq ] SO that RBLL[igejecteq — 1] > RBLLactual > RBLL[iggjecteql, Where
RBLL[ 0] =100 %. For each frame to be displayed, the device examines the display-adaptation metadata
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and selects the pair indexed by jsojecteq fOr Which Q[isejecteq — 1] > scaled_psnr_rgb[Jjsgjected] > Qliselectedls
where Q[ 0 ] = infinity. The metadata max_rgb_component[jg.j..tcq] 1S then used to determine display-
adaptation scaling parameters. Thus, the device implements a protocol that strikes a balance between
perceived quality and power-saving. The balance is tilted toward quality when the RBLL is high but
shifts toward power saving as the battery is depleted.

B.2.2.1 Example usage of display-adaptation metadata for contrast enhancement

At low quality levels, contrast enhancement significantly improves perceived visual quality, especially
for bright content. To enhance contrast at the Towest quality level associated with the backlight scaling
factor b = (max_rgb_component[num_quality_levels] / Ps) the receiver first examines lower_botind
If it is preater than zero, then contrast enhancement metadata is available and the receiver-stores
upper_bound. The presentation subsystem performs contrast enhancement by setting the bhacklighf
scalinglfactor to b = (max_rgb_component[num_quality_levels] / P), and for each RGB component, x, of
reconstfructed frames, the scaling to S(x) is performed using the following pseudo-code:

S(x) =10, for x in [0, lowersbound],
=[Py *(x-lower bound)/ (upper bound-lower bound) for x in (lower bound, upper
bound)
= PS for x in [uppervbound, PS]

Observe that the interval (lower_bound, upper_bound) is mapped to the interval (0, Pg). Then, afte
applyinlg the backlight scaling factor, b, to the display, the interval (lower_bound, upper_bound]
is percgived visually as the interval (0, b * Pg). Therefore, for RGB components within the interva
(lower_pound, upper_bound), the perceived contrast enhancemfent’is proportional to ( b * Pg / (upper,
bound ¢ lower_bound) ). This expression simplifies to b / (upper_bound - lower_bound), because Ps is 3
constarjt. For RGB components within the intervals [0, lowersbound] and [upper_bound, Pg], all contras{
is lost because these intervals are mapped to 0 and Pg, respectively.

From the preceding observation, it is clear that the gontrast is maximized by determining lower_bound
and upper_bound so that the majority of RGB components lie within the interval (lower_bound, upper]
bound)| Therefore, the optimal contrast-enhancement metadata is computed by the following process
at the gransmitter. First, determine the VgydiohtscalineFactor COTTesponding to the lowest quality leve
as b= ax_rgb_component[num_quality_levelsﬁ / Ps. %‘hen, invoke the following pseudocode function
get_cornftrast_metadata() to determine lewer_bound and upper_bound.

// Givgn RGB components, x, oflreconstructed frames with cumulative distribution function,
// C(x), the function get contrast metadata() returns lower bound and upper bound.
[lower |bound, upper bound] =_get contrast metadata(C(x)) {
// C(x): Cumulative distXibBution function of RGB components of reconstructed frames.
max ¢nhancement = 0;
for |[lower bound = (@s"“lower bound < Pg; lower bound++) {
for (upper bolind = lower bound; upper bound < Pg; upper bound++) {
enhancemefit~= (C (upper bound) - C(lower bound)) / (upper bound - lower bound)
if (enhahtement > max enhancement) {
maxs&nhancement = enhancement;
best”lower bound lower bound;
b&st upper bound upper bound;
1

}

return (best lower bound, best upper bound);

}

Although the metadata computed by get_contrast_metadata() is optimal for each frame, flicker artefacts
may occur when the video is viewed due to large differences between lower_bound (or upper_bound)
settings on successive video frames. To avoid such flicker, the lower_bound and upper_bound metadata
should be smoothed temporally using the pseudo-code function smooth_contrast_metadata() shown
below.

// Given a video sequence with frameNum in [1,..,N], first smooth the lower bounds by
// applying the function recursively to all frames by issuing
// smooth contrast metadata (LowerBounds,1),
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//

// smooth contrast metadata (LowerBounds,N)

// Then smooth the upper bounds by issuing

// smooth contrast metadata (UpperBounds, 1),

//

// smooth contrast metadata (UpperBounds, N)

// where

// LowerBounds: vector of lower bound metadata for the N frames

// UpperBounds: vector of upper bound metadata for the N frames
void smooth contrast metadata (Vector, frameNum) {
// Vector: vector of metadata to be smoothed
L LT AdlllESINUIIl . CULLCIIU L LAdlllE uumbcj_
cur = Vector[frameNum]
prev = Vector[frameNum - 1]
if Abs((cur - prev) / prev) > Threshold { // Check whether the metadata varfation
between

// successive frames exceeds the threshqld.
if (cur < prev) { // if the current frame’s metadata are lower than_the previoud
Frame’ s

// metadata, then increase the current frame’s(metadata so thdt it
// reaches the acceptable threshold.
Vector [frameNum] = prev * (1 - Threshold)
} else { // increase the previous frame’s metadata so that St reaches the accepfable
// threshold. Then adjust the metadata for all pgeteding frames.
Vector[frameNum — 1] = cur / (1 + Threshold)
smooth contrast metadata (Vector, frameNum - 1)
}
}

[he value of Threshold is display independent and cah be set to 0.015, which corresponds to[a 1.5%
metadata variation between successive frames.

B.2.2.2 Preventing flicker arising from controel latency

f DA metadata were unavailable, then to implement DA, the display would have to estimate mpx_rgb_
component[ i | and immediately adjust the backlight (or voltage). This is impossible in most pjractical
mplementations because there is a significant latency of D milliseconds between the instant when the
backlight scaling control is applied:and the instant when the backlight actually changes, in resgonse to
the control. If D is sufficiently large, then the backlight values are not synchronized with the displayed
‘rames and flickering is visible. Fortunately, DA metadata eliminates this flickering. Becapse the
receiver obtains the metadata in advance, the backlight scaling factor can be applied D millijeconds
hhead of the video framme with which that scaling factor is associated. Therefore, by trangmitting
metadata, the latencyissue is solved and the backlight scaling factor is set appropriately for each frame.
['his avoids flicker from backlight changes during video display.

B.2.2.3 Metadata for DA on displays with control-frequency limitations

Besides-€liminating flicker arising from backlight-control latency, DA metadata can also enable DA to be
hpplied:to displays in which the backlight (or voltage) cannot be changed frequently. For such djisplays,
bnce.the backlight has been updated it shall retain its value for a time interval that spans the juration
pf'some number of successive frames. After the time interval has elapsed, the backlight may be dpdated
again. DA metadata allows the backlight to be set appropriately for the specified time interval so that
maximal power reduction and minimal RGB-component saturation occurs. This appropriate backlight
value is determined by aggregating the RGB component histograms in all successive frames in each
time interval over which the backlight shall remain constant. The aggregated histograms are then
used to derive DA metadata, as explained in preceding subclauses. To enable this mode of operation,
the receiver shall signal to the transmitter, constant_backlight_voltage_time_interval, the time interval
over which the backlight (or voltage) shall remain constant. Alternatively, the transmitter may assume
a reasonable value for constant backlight voltage time interval.

On currently available displays, setting constant_backlight_voltage_time_interval to 100 milliseconds
is sufficient to prevent flicker. Therefore, setting num_constant_backlight_voltage_time_intervals
= 1 and constant_backlight_voltage_time_interval[ 0 ] = 100 is sufficient to prevent flicker arising
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from control-frequency limitations. However, in the future, a new display technology with constant_
backlight_voltage_time_interval significantly different from 100 milliseconds may be invented. During
the transition period from the current display technology to the new display technology, two types of
displays are widely used and it is necessary to set num_constant_backlight_voltage_time_intervals = 2,
to support both display types. The preceding mode of operation assumes that a signalling mechanism
from the receiver to the transmitter does not exist.

However, if such a signalling mechanism does exist, then the receiver can explicitly signal constant_
backlight_voltage_time_interval to the transmitter as explained in 7.2.2 and 7.3.2. If the transmitter
iS addi iuua}}_y \,apablc Uf T LUllllJthills thc diop}ay adaptatiuu ulctadata tU bC LUllDithllt VVith th
signallgd constant_backlight_voltage_time_interval, then the re-computed metadata can subsequeiitly
be provlided to the receiver.

B.2.2.4| DA metadata to prevent flicker from large variations

On some platforms, besides the flicker that arises from control latency and ceéntrol-frequency
limitatritns, flicker can also occur due to a large difference between the backlight (orvoltage) settings
(defined as Vg, kiightscalingFactor 1N Z:4) of successive video frames. To avoid suchflicker, a transmittey
may use the function adjust_backlight() to adjust the backlight setting of each.frame. Specifically, if thq
relative backlight variation between a frame and its predecessor is largerythan a threshold, then thg
backlight values of all preceding frames shall be adjusted. This adjustmentis done at the transmitte;
after mptadata has been computed using one of the methods described in the preceding subclauses.

For example, for a targeted quality level, the transmitter would estitnate max_rgb_component and the
corresgonding Vg, kiightscalingFactor fOT €ach of N frames. Given max_variation (normalized to 255), the
transmijtter applies adjust_backlight() with the specified max_variation threshold computed as thg
floating-point number (max_variation/2048). This functionadjusts the vector of Vg, yjightscalingFacto
values for the N frames so that the relative backlight variation between successive frames is less thar
max_variation. After the backlight values have been adjusted, the DA metadata is modified, if necessary
to be cqnsistent with the adjusted backlight values.

// Givgn a video sequence with frameNum in< [1,..,N], apply the function recursively
// to 411 frames by issuing adjust backlight (Backlights,1l,max _variation),
/]
// adjyst backlight (Backlights, N, max\wariation)
void adjust backlight (Backlights, firameNum, max variation) {
// Backlights: vector of Va,ckiighcscalingractor Values
// frangeNum: current frame numbeyx
// max|variation: maximum permilssible backlight variation between two
// congecutive backlight values

cur ¥ Backlights[frameNumn]

prev|= Backlights[frameNum - 1]

if APs ((cur - prev)(CAvprev) > max _variation { // Check whether the backlight
7/ variation between successive frames exceeds the threshold.
if| (cur < preg){ // if the current frame’s backlight is lower than the previous
//frame’s backlight, then increase the current frame’s
// backlight so that it reaches the acceptable threshold.
Backlights[frameNum] = prev * (1 - max variation)
} @lse ¢ // increase the previous frame’s backlight so that it reaches the
// acceptable threshold. Then adjust the backlights for all preceding

frame

Backlights[frameNum - 1] = cur / (1 + max variation)
adjust backlight (Backlights, frameNum - 1, max variation)

}

}

For a given display, large values of max_variation induce more flicker but also save more power.
Therefore, the selected value of max_variation is a compromise between flicker reduction and power
saving. The max_variation metadata guarantees that the receiver does not experience flicker because
the backlights are adjusted specifically for the receiver’s display.

On currently available displays, setting max_variation = 0.015*2 048 is sufficient to prevent flicker.
Therefore, setting num_max_variations = 1 and max_variation = 0.015*2 048 is sufficient to prevent
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flicker arising from control-frequency limitations. However, in the future, a new display technology
with max_variation significantly different from 0.015*2 048 may be invented. During the transition
period from the current display technology to the new display technology, two types of displays are
widely used and it is necessary to set num_max_variations = 2, to support both display types. The
preceding mode of operation assumes that a signalling mechanism from the receiver to the transmitter
does not exist.

However, if such a signalling mechanism does exist, then the receiver can explicitly signal max_variation
to the transmitter as explained in 7.3.2. If the transmitter is additionally capable of re-computing the
A 1 paj ol o dot 4 1. ek £ sale 1 3 Hod 3ot £l £lo
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metadata can subsequently be provided to the receiver.

B.3 Energy-efficient media selection in adaptive streaming

B.3.1 General

['his clause explains how the green metadata for adaptive streaming can be computed at the serjver and
how such metadata can be used at the client.

B.3.2 Green metadata production and transmission at the server side

Given N video representations, the decoder-power indication® metadata dec_ops_reductiop_ratio_
‘rom_max(i) (DOR-Ratio-Max(i)) and dec_ops_reduction_ratio_from_prev(i) (DOR-Ratio-Prevy|(i)) are
romputed by the encoding system and provided by the server fori=0to N - 1, as shown in Figure B.4.
['he display-power indication metadata is computed from‘one representation.

computation on
RGB component
histograms (max.xgb_component j, scaled_psnr_rgb j),
j=0<num_quality_levels
encoder 0
decoder .
encapsulatign,
; decoder segmentatiqn
. and MPD
decoding ) generation tgol
source complexity —————p{ oOperations
content estimation —
ducti DOR-ratio i,
reduction |, 4 v _ 4
ewcoder N - 1 ratios
decoder
* computation
decoding
complexity —— |
estimation

Figure B.4 — Green metadata computation and insertion

The DOR-Ratio-Max(i) associated with each video representation i of a Segmentis computed as the
power-saving ratio from the most demanding video representation produced for the Segment, as
defined in 8.4.1.

The DOR-Ratio-Prev(i) associated with each video representation i of a Segmentis computed as the
power-saving ratio from the previous Segmentof the same representation, as defined in 8.4.1.
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To produce the normative green metadata DOR-Ratio-Max(i) and DOR-Ratio-Prev(i) for a given
Segment, the encoding system needs to estimate the decoding complexity of each video representation,

as a number of processing cycles.

Each sample which contains the DOR-Ratio values is then stored in a specific metadata file “$id$/$ Time$.
mp4m” (one for each Segment) using the format specified in ISO/IEC 23001-10. In the DASH context,
the metadata files created for one or multiple video representations are considered as metadata
representations. The available metadata representations are signalled in a specific adaptation set
within the MPD. The association of a metadata representation with a media representation is signalled

in the PIPD thl ngh thC @abbuuiatiuu}d Cllld @aobuuiatiuuT_y }JC Clttl ibutco. A ulctadata Scslucutqud it;
associafed media Segment(s) are time aligned on Segmentboundaries.
The deqoder-power indication metadata representation is associated with a single media representation
as shown in Figure B.5.
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The following XML file provides an example of an MPD for decoder-power indication metadata:

<?xml version="1.0" encoding="UTF-8"7?>

<MPD
xmlns:xsi="http://www.w3.0rg/2001/XMLSchema-instance"
xmlns="urn:mpeg:DASH:schema:MPD:XXXX"
xsi:schemalocation="urn:mpeg:DASH:schema:MPD:xxxx"
type="dynamic"
minimumUpdatePeriod="PT23"
timeShiftBufferDepth="PT30M"
availabilityStartTime="2011-12-25T12:30:00"
minBufferTime="PT4S"
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profiles="urn:mpeg:dash:profile:isoff-1ive:2011">

<BaseURL>http://cdnl.example.com/</BaseURL>
<BaseURL>http://cdn2.example.com/</BaseURL>

<Period>
<!-- Video -->
<AdaptationSet

id="video"
mimeType="video/mp4"
codecs="avcl.4D401F"
frameRate="300007/00T"
segmentAlignment="true"
startWithSAp="1">
<BaseURL>video/</BaseURL>
<SegmentTemplate timescale="90000" media="$Bandwidth$/$Time$.mpdv">
<SegmentTimeline>
<S t="0" d="180180" r="432"/>
</SegmentTimeline>
</SegmentTemplate>
<Representation id="vO0" width="320" height="240" bandwidth="250000"/>
<Representation id="v1" width="640" height="480" bandwidth#£"500000"/>
<Representation id="v2" width="960" height="720" bandwidfh=/"1000000"/>
</AdaptationSet>
<!-- English Audio -->
<AdaptationSet mimeType="audio/mp4" codecs="mp4da.0x40" Jang="en" segmentAlignmer
<SegmentTemplate timescale="48000" media="audio/epASTime$.mpda">
<SegmentTimeline>
<S t="0" d="96000" r="432"/>
</SegmentTimeline>
</SegmentTemplate>
<Representation id="al0" bandwidth="64000" />
</AdaptationSet>
<!-- French Audio -->
<AdaptationSet mimeType="audio/mp4" codecs="mpda.0x40" lang="fr" segmentAlignmer
<SegmentTemplate timescale="48000"\media="audio/fr/$Time$.mpda">
<SegmentTimeline>
<S t="0" d="96000" r="432"/>
</SegmentTimeline>
</SegmentTemplate>
<Representation id="al0" sbarndwidth="64000" />
</AdaptationSet>
!--AdaptationSet carrying Green Video Information for Video -->
<AdaptationSet id="g®een video" codecs="depi"/>
<BaseURL>video gfeén depi/</BaseURL>
<SegmentTemplatie )timescale="90000" media="$id$/$Time$.mpdm">
<SegmentTingiéline>
<S t="Q"d="180180" r="432"/>
</SegmentTimeline>
</SegmefmgPemplate>
<Représentation id="gv0" bandwidth="1000" associationId="v0"
hssociatidnlype="cdsc"/>
<Representation id="gvl" bandwidth="1000" associationId="v1"
hssocigtionType="cdsc" />
“Representation id="gv2" bandwidth="1000" associationId="v2"
hssotliationType="cdsc"/>

</AdaptationSet>

</Period>

</MPD>

t="0">

t="0">

The display-power indication metadata is a list of (ms_num_quality_levels + 1) pairs of the form (ms_
max_rgb_component[i], ms_scaled_psnr_rgb[i]) as defined in 8.4.1. This metadata is produced without
considering any constraint on max_variation, the maximal backlight variation between two successive
frames. It is also assumed that the backlight can be updated on each frame so that constant_backlight_
voltage_time_interval is the inter-frame interval. Therefore, the display power-indication metadata

provides the maximum power saving for a given quality level.
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The display-power indication metadata is stored in a specific metadata file “$id$/$Time$.mp4m”
(one for each Segment) using the format specified in ISO/IEC 23001-10. The display-power indication
metadata representation is associated with all the available media representations as shown in

Figure B.6.

g “g § __________ g § § metadata
»|E E »|E £ | adaptation Set
' : single
seq_num =1 seq_num =N (sing .
emf 4 emf 4 - representation)
5 S wlal v e w el v e w
8 g g ST = - I— 58l £ I8 £
& g |E @|E| £ |E| E @|E| £ |E| E
| s '
T T
‘ -‘trak’ 3 seq_num = 2 seq_num =K
-‘trak’ 6 -‘traf 3 -‘traf 3
-‘tref’ track 1 ‘cdsc’
O I ¥ o B L I sl vl % metadata
(=} () o o o o
> 2ol B |o © 2| © [ © i
g £ g ZE| E (8| B ZlE| E |8 E ddaptation Set
| i i (multiple
‘ -‘trak’ 2 seq_num = 1 seq_num = N representation)
-‘trak’ 5 -‘traf’ 2 -‘traf’ 2
-‘tref’ track 1 ‘cdsc’
- > = 2 |a] e =l = =
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-‘trak’ 4 “traf 1 “‘traf 1 -
-‘tref’ track 1 ‘cdsc’ -‘traf’ 2
initialization segment segment #1 segment #N
Figure B.6 — One metadata representation for all media representations
The following XML file provides.an)example of an MPD for display-power indication metadata:
<?xml Yersion="1.0" encoding="UTF-8"7?>
<MPD
xmlng:xsi="http://wiwsw3.0rg/2001/XMLSchema-instance"
xmlng="urn:mpeg:DASH? schema :MPD: XXXX"
xsi:gchemalocatd@gn="urn:mpeg:DASH:schema:MPD:xxxx"
typegf"dynamic"
minigumUpdatePeriod="PT23"
timefhiftBUfferDepth="PT30M"
availabid ¥yStartTime="2011-12-25T712:30:00"
minByfferTime="PT4S"
profiled="urn:mpeg:dash:profile:isoff-1ive:2011"

<BaseURL>http://cdnl.example.com/</BaseURL>
<BaseURL>http://cdn2.example.com/</BaseURL>

<Period>
<!-- Video -->
<AdaptationSet

id="video"
mimeType="video/mp4"
codecs="avcl.4D401F"
frameRate="30000/1001"
segmentAlignment="true"
startWithSAp="1">
<BaseURL>video/</BaseURL>
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<SegmentTemplate timescale="90000" media="$Bandwidth$/$Time$.mpdv">
<SegmentTimeline>
<S t="0" d="180180" r="432"/>
</SegmentTimeline>
</SegmentTemplate>
<Representation id="v0" width="320" height="240" bandwidth="250000"/>
<Representation id="v1" width="640" height="480" bandwidth="500000"/>
<Representation id="v2" width="960" height="720" bandwidth="1000000"/>
</AdaptationSet>
<!-- English Audio -->

<AdaptationSet mimeType="audio/mp4" codecs="mp4da.0x40" lang="en" segmentAlignment="0">

Segmentiemprate tIimestatre=—" 48000 Tedra="audto/enr/ ST Ime ST
<SegmentTimeline>
<S t="0" d="96000" r="432"/>
</SegmentTimeline>
</SegmentTemplate>
<Representation id="al0" bandwidth="64000" />
</AdaptationSet>
<!-- French Audio -->
<AdaptationSet mimeType="audio/mp4" codecs="mp4a.0x40" lang="fr"(segmentAlignmer]
<SegmentTemplate timescale="48000" media="audio/fr/S$Time$.mp4a">
<SegmentTimeline>
<S t="0" d="96000" r="432"/>
</SegmentTimeline>

</SegmentTemplate>
<Representation id="al0" bandwidth="64000" />
</AdaptationSet>
!--AdapatationSet carrying Green Video Information for “Wideo -->

<AdaptationSet id="green video" codecs="dipi"/>
<BaseURL>video green dipi/</BaseURL>
<SegmentTemplate timescale="90000" media="$id$/S$Time$.mpdm">
<SegmentTimeline>
<S t="0" d="180180" r="432"/>
</SegmentTimeline>
</SegmentTemplate>
<Representation id="gv0" bandwidth="1000" associationId="v0 v1 v2"
associationType="cdsc"/>
</AdaptationSet>
</Period>

/MPD>

B.3.3 Use of green metadata at the client

['he client (player/decoder) can determine its remaining battery life based on the energy consy
bf the current representation it is using. If it detects that its battery life is insufficient for t
Huration of the video content to be consumed (given parameter in the server or requiren
Juration expresSed by the user), the terminal can compute the power consumption saving rafj
'he current representation.

Jsing the following information, the terminal can determine (for the next Segment) the best
bavingallocation strategy for the decoder and for the display:

- the decoder-power saving ratio of all available video representations in the next Segmentf

t="0">

mption
he total
ents of
io from

power-

rfom the

£ L ] o d) ot 3 £l 3 C 4
CUITTIIU BTITTLICTU T TPICOUITILAtIUIT HT tHT PITVIUUS JTSIITILIL,

— the impact of RGB component scaling on video quality for the next Segment,

— for the last Segments, the decoder and display consumption as a fraction of the total consumption.

From this information, the terminal determines which representation it needs to download and
the appropriate scaling of RGB components for this representation.
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It is ob
current

served that the decoder-power saving ratio of all available video representations from the
representation in the previous Segment is not directly given by the power-indication metadata.

At the server, what is given is a list of two decoder operations reduction ratios per video representation:

— the
per

— the
per

first one is the ratio of each representation from the most energy-consuming one at a given
iod of time T (dash arrows in Figure B.7),

second one is the ratio of each representation at a given period of time T from the previous
iod of time T - 1 (continuous arrow in Figure B.8).

The ter
using iy

Let us d

— I

‘ref
In

— ded

representation, received from the server,

[t is pos

following formula:

Ry

€

RdecOpsI
decOpsl

=100-
100
(B-6)
RgecopskeducFromprevreprefll)-dre represented by dash arrows in Figure B.8.
NOTE 1| Floating-peinthumbers are used for these computations.

minal can convert this list of ratios into a list of ratios from the current representation it wag
the previous Segment.

efine the following terms:

hep the index, in the current Segment, of the representation which was used by the client termina
he previous Segment,

_ops_reduction_ratio_from_max(i) the reduction ratio from the most erergy consuming

L OpsReducFromRepRef(1) the reduction ratio from representation RefRep.in the current Segment,

L OpsReducFromPrevRepRef(1) the reductionratio from representation-RefRep in the previous Segment
sible to express RyecopsreduckromRepRref(l) from dec_ops_reduction_ratio_from_max(i), using the

100—dec_ops_reduction _ratio_from _max(i) *100 (B-5]

FOpsReducFromRefRep(i - : .
psReducFromRefRep(i) 100—dec_ops_reduction_ratio_from_max (I emep )

educFromRepRef(1) are represented by dotted‘@rrows in Figure B.7. It is then possible to express

educFromPrevRepRef(l) from RdecOpsReducFromRepRef(l)' using the fOHOWIHg formula:

rOpsReducFromPrevRefRep(i)

(100—dec_ops_reduction_ratio_from _prev (I emep ))*(100 = RyecopsReducFromRefRep (1))
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