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Foreword

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

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

accofdance with the editorial rules of the ISO/IEC Directives, Part 2 (see www.iso!6rg/dlirectives or
.iec.ch/members_experts/refdocs).
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Clause 9 related to metrics for quality recovery after low-power encoding is amer
bpecification of additional metrics for quality recovery after low-power encoding in the newly

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

third edition cancels and replaces the second edition (ISO/IEC 23001-11:2019), whi
hically revised.

main changes are as follows:

new VVC SEI message carrying complexity metrics for decoder-power reduction.

hdded VWC SEI message.

b.3¢elated to interactive signalling for remote decoder-power reduction is amended by

trade name used in this document is information given for'the convenience of users and does not

terms and
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(TBT) see

technology,
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b.2 related to complexity metrics for decoder-power reduction is amended by the specification of a

ded by the
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Alist of all parts in the ISO/IEC 23001 series can be found on the ISO and IEC websites.

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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Introdu

ction

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;

reduction;

the format of the metadata that enables media selection for joint decoder and display power

the fory

This metad
in the quali
savings, but

hat of the metadata that enables quality recovery after low-power encoding.

hta facilitates reduced energy usage during media consumption without any degrad
y of experience (QoE). However, it is also possible to use this metadata to getlarger en
at the expense of some QoE degradation.

The metad

metadata afd decoding operation reduction request (DOR-Req) metadata. A decoder uses CM met3
to vary opdrating frequency and thus reduce decoder power consumptien.In a point-to-point v

conferenci
complexity

The metada
reduce the

The metad
presentatio
the statistid

The metad:
statistics ar]

decoder and display power-saving characteristics of available video representations and to selec

representat

Jtu
a for energy-efficient presentation specifies RGB-component statistics and quality leve

a for energy-efficient decoding specifies two sets of information: cemiplexity metrics

g application, the remote encoder uses the DOR-Req metadata to modify the deco
pf the bitstream and thus reduce local decoder power consumption.

ta for energy-efficient encoding specifies quality metrics that are used by a decod
ality loss from low-power encoding.

h subsystem uses this metadata to reduce power by adjusting display parameters, base
s, to provide a desired quality level from those provided in the metadata.

ita for energy-efficient media selection specifies DOR-Req parameters, RGB-compo
d quality levels. The client in an adaptive streaming session uses this metadata to deter

ion with the optimal quality fora given power-saving.

ition
ergy

[CM)
data
ideo
ding

br to

ls. A
don

nent
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t the
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Information technology — MPEG systems technologies —

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

1 §$cope

This|document specifies metadata for energy-efficient decoding, encoding, presentation; and selection
of mpdia.

2 Normative references

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

ISO/[EC 14496-10, Information technology — Coding of audio-visual objects — Part 10: Advanced video
coding

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

ISO/[EC 23009-1, Information technology — Dynamic adaptive streaming over HTTP (DASH) — Part 1:
Media presentation description and segment foriats

ISO/[EC 23090-3, Information technology<= Coded representation of immersive media — Par} 3: Versatile
videg coding

3 Terms, definitions, synibols, abbreviated terms

3.1 | Terms and definitions

For the purposes of thisdocument, the terms and definitions given in ISO/IEC 14496-10, ISO/I[EC 23008-2,
ISO/[EC 23009-1,¥SO/IEC 23090-3 and the following apply.

ISO 4nd [EC maintain terminology databases for use in standardization at the following addresses:

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

I EC Dlaoctraanadia, ool bl o s L lxazxazeaz ol Froamadio o/
LU LICTLL UPCUACI. avdallidulic Aau 1iItitpo.//7 vv VvV VV.UILLU LI UPDCUIdAd.Ul &/

3.1.1

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 p

rocess

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 p

rocess

process that produces a bitstream

Note 1 to ent

ry: The bitstream shall conform to ISO/IEC 14496-10, ISO/IEC 23008-2 or ISO/IEC 23090-3.

3.1.5
no-quality
NQLOP
metadata-e

loss operating point

achieved without any quality loss (infinite PSNR)

3.1.6
non-zerob
block conta

3.1.7
peak signa
maximum

Note 1 to ent]

3.1.8
period
interval ove

3.19
pixel
smallest ad

3.1.10

reconstrug
frames obt
picture or p

3.1.11
RGB compc
single samp

3.1.13

ock
ning at least one non-zero transform coefficient

|
ermissible RGB component in a reconstructed frame

ry: For N-bit video, peak signal is (2N - 1).

r which complexity-metrics metadata are@pplicable

iressable element in an all-points addressable display device

ted frames
hined after applying RGB colour-space conversion and cropping to the specific dec
ictures for which display power-reduction metadata are applicable

nent
le representing one of the three primary colours of the RGB colour space

six-tap filtTring

STF

habled operating point associated with the largest display-power reductionsthat capn be

bded

single application of the 6-tap filter to generate a single filtered sample for fractional positions using
the samples at integer-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

© 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
DORtRatio decoding operation reduction ratio
DORtReq decoding operation reduction request
DVF§ dynamic voltage frequency scaling

ERP equi-rectangular projection format

Fps frames per second

FS fresh start

GP good picture

HEV[ high efficiency video coding - [SO/IEC 23008-2
HCMP hemiSphere cubemap projection format
Mbpg mega bits per second

MPD media presentation description

MS Tean square difference

MV 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 3
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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 Conventions

4.1 Arithmetic operators

xY exponentiation
x/y division where no truncation or rounding is intehded

division where no truncation or rounding-i$ intended

S Jild summation of f(i) with i taking all.integer values from x up to and including y
I=X
i flp) summation of f(p) with p taking all integer location values in a block B in a pidture
pinB
Modulus.
x%y

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

4.2 Relational operators

> greater than

>= greatefthan or equal to
< less.than

<= less than or equal to

== equal to

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.

4.4 Assignment operators
= assignment operator
++ increment, i.e., x++ is equivalent to x = x + 1; when used in an array index, evaluates to
the value of the variable prior to the increment operation
- - decrement, i.e., x— — is equivalent to x = x - 1; when used inan array index, gvaluates to
the value of the variable prior to the decrement operation
+= increment by amount specified, i.e., x += 3 is equivalent to x = x + 3, and|x += (-3) is
equivalent to x = x + (-3)
-= decrement by amount specified, i.e., x —= 3 isequivalent to x = x - 3, and|x —= (-3) is
equivalent to x =x - (-3)
4.5 | Range notation
X=y.zZ x takes on integer values starting from y to z, inclusive, with x, y, and z being integer
numbers and z being gredter than or equal to y
4.6 | Mathematical functions
Mathematical functions are defined-as follows:
-x, x<0
Abs(x)= (4-1)
x, x =20
dlip(0) X, <256 (4-2)
ip(x)= -
255, v otherwise
X Z <X
Qip3(x,y,z)=9 ¥y ; z>y (4-3)
t Z otherwise
Floor(x) is the greatest integer less than or equal to x (4-4)
Log10(x) returns the base-10 logarithm of x (4-5)
Round(x) = Sign(x) * Floor(Abs(x) + 0.5) (4-6)
signg={ 0 (+7)
ign(x)= -
1, x =20
XV specifies x to the power of y (4-8)
© ISO/IEC 2023 - All rights reserved 5
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power(x, y) specifies x to the power of y

4.7 Specification of syntax functions and descriptors

The following function is used in the specification of the syntax:

(4-9)

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 bitstrea

m pointer.

The followi

— u(n): un
value o
with m

s(n): sig
value o
most si

5 Functi

5.1 Desc

Figure 1 s}
applied to a

a bitstream
the output 1

| S SR N H £ la. 4 ] 4
IS5 UCSTTIPTUT S SPTLITy tIIT PdAT ST PTULTS S UTTALIT S yITUd A TITTITTIIT.

signed integer using n bits. The parsing process for this descriptor is specified by there
F the function read_bits( n ) interpreted as a binary representation of an unsigned int
bst significant bit written first.

ned integer using n bits. The parsing process for this descriptor is spe¢ified by the re
" the function read_bits( n ) interpreted as a two's complement integer\representation
pnificant bit written first.

onal architecture

ription of the functional architecture

ows the functional architecture utilizing green metadata. The media pre-process
nalyse and to filter the content source and a vidéo encoder is used to encode the conte
for delivery. The bitstream is delivered to the receiver and decoded by a video decoder
endered on a presentation subsystem thatimplements a display process.

turn
eger

turn
with

Dr is
nt to
with

transmitter receiver

- s - = ] L
I media framework (encoder) | I media framework (decoder)
| I
| meflia media media I I media media presentation
I pre-prpcessor encoder encoded i | encoded decoder subsystem
| & 7 media _I I media v v
S I I N i

| ! N i !

| green green ) | | I I

| | metadata metadata | | 0 I I

| Lggnerator generator | | | |

| I I I

| I R I I

| | | |

| I M green I I

I I metadata I I

| powter power | green A 8reen | extractor { power (- power

! control control | metadata metadata \L | control | control

power optimization module T power optimization module
|
green green
metadata V 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. 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 remaining battery capacity, and send it to the transmitter as green feedback to adapt the encoder
operations for power-consumption reduction.

The phormative aspect of this document is limited to the green metadata and green feedback in Figure 1.

5.2 | Definition of components in the functional architecture

greep metadata generator

— [enerates metadata from either the video encoder or the content prérprocessor.
greepn metadata extractor

— Interprets the bitstream syntax information and sends it to\the power optimization mpdule in the
receiver.

greeh feedback generator
— fenerates feedback information for the transmitter.

— ({ommunicates with the transmitter through-a feedback channel, if available, for energy-efficient
brocessing.

greep feedback extractor

— Receives the feedback from the,receiver and sends it to the power optimization mqgdule in the
ransmitter.

power optimization module@dn,the transmitter

— Collects platform statistics such as the remaining battery capacity of the device in which the
ransmitter resides.

— (ontrols the.operation of the green metadata generator, video encoder and content pretprocessor.
— Processés green feedback.

power eptimization module in the receiver

— Processes the green-metadata Information and applies appropriate operations for power-
consumption control.

— 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 7
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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 CommW
6.2.1 General
With respe(t to the functional architecture in Figure 1, the green-metadata generator provides|CMs
that indicatg the picture-decoding complexity of an AVC, HEVC or VVC bitstream to the‘decoder.
6.2.2 Synftax
The syntax for the AVC CMs is described in Table 1.
Table 1 — Syntax for the AVC CMs
Descriptor
period_tyge u(8)
if ( (perijod type = = 2) || ( period type = =7 ) X 1
num_seconds u(le6)
}
else if (|(period type = = 3) || ( period gype = =8 ) ) {
num_pictures u(lo)
}
if ( periqd type = = 8 ) {
temporall map u(8)
for ( tH0; t<8; t++ ) {
if ( (temporal map>>t)&2N= = 1 )
num |[pictures_in_ temporal layers[ t ] u(lo)
}
}
if (perio@l type<=J3 ) {
portion |non(zero_ 8x8 blocks u(8)
portion |intra predicted macroblocks u(8)
portion_six_tap filterings u(8)
portion_alpha point deblocking instances u(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)

8 © ISO/IEC 2023 - All rights reserved


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

ISO/IEC 23001-11:2023(E)

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)
}
}
}
else if ( period type >= 5 ) && ( period type <= 8 ) {
num I=_lale§_mﬁlsl u(le)
f¢r ( 1=0; 1<= num layers minusl; 1++ ) { ({?)
picture_parameter_ set id[ 1 ] P’\®V
priority id[ 1 ] Nul6)
dependency id[ 1 ] R ETED
quality id[ 1 ] o v
temporal id[ 1 ] 0P u(3)
portion_non_zero_8x8 blocks[ 1 ] (-: v u(8)
portion_intra predicted macroblocks[ 1 ] \Q)J u(8)
portion_six tap filterings[ 1 ] (‘\\\v u(8)
portion_alpha point deblocking instances[ 1 ] \%v u(8)
) QA
) G

\%
The pyntax for the HEVC CMs is described in Tablg%.Q
O

Table 2 — ax for the HEVC CMs
L\
Desdriptor
- £
perjod_type A\U u(8)
if period type = = 2 ) { \O
nym_seconds e u(lqg)
) O
els¢ if ( period_type\:’ =3) {
nym_pictures ('&‘ u(lqg)
D
) . Q
if period_tﬁg\?= 3)
P rtion‘@zero_blocks_area u(8)
ir ivon_non_zero_blocks_area =0 ) {
7 .
RQ}:Lon_Sx8_blocks_1n_non_zero_area u(8)
portiom—t6xt6—btocks i Tron—zero—ares 57
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)

© ISO/IEC 2023 - All rights reserved 9
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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 if (period type= = 4 ) {

max_num |slices_tiles minusl

for ( tH40; t<=max num slices tiles minusl; t++ ) {

first |ctb_in slice_or_tile[ t ]

portign_non_zero_blocks_area[ t ]

if ( dortion non zero blocks areal t ] != 0 ) { (\'\
porflion 8x8 blocks_in non_zero_ area[ t ] ,-.0\\) u(8)
porflion_16x16_blocks_in non_zero_area[ t ] ~ ! l/’ u(8)
portlion 32x32 blocks in non zero area[ t ] </U u(8)

— — — — o — \\v/
) O
N

portidgn_intra predicted blocks_area[ t ] \% u(8)

if ( dortion intra predicted blocks area[ t ] = = 255 {\
porflion planar blocks_in intra area[ t ] ,\<( u(8)
porflion_dc_blocks_in_intra_area[ t ] O\} u(8)
portfion_angular hv_blocks_in_intra_areal t m\‘ u(8)

} b\

@V

else

porflion_blocks a ¢ d n filterings]| ,t:&

portlion blocks h b filterings[ t :A\U

portion_blocks_f_i_k_q_filteriﬂ@[ t ]

portlion_blocks_j_filterings I..\‘&.h ]

porflion _blocks e g _p_r_fi'd.\&\;:ings[ t ]
NI

} .

“ .
portid n_deblocking_il}s&x}ces [ £ 1] u(8)
} ¢
) R\
The syntax for th@ CMs is described in Table 3.
\Q/ Table 3 — Syntax for the VVC CMs
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 © ISO/IEC 2023 - All rights reserved
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Table 3 (continued)

if ( granularity type = = 0 ) {

portion_non_zero blocks_ area

portion_non_zero_transform coefficients_area

portion_deblocking instances

u(8)
u(8)
portion_intra predicted blocks_area u(8)
u(8)
u(8)

portion_alf filtered blocks

if ( extended representation flag ) {

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

portion_non_zero 4 8 16 blocks_area u(8 )0\

portion_non_zero_32_ 64_128 blocks_area u& l/v

portion_non_zero 256_512 1024 _blocks_area JuA8)

portion_non_zero_ 2048 4096 blocks_area '\ N u(8)
} (\'\

if ( portion intra predicted blocks area < 255 ) { ()9

portion_bi_and gpm predicted_blocks_area r ! l/’ u(8)
portion bdof blocks area </U u(8)
_ — _ ‘\v
) O

portion_sao_filtered blocks \%v u(8)
-

els¢ if ( granularity type <= 3 ) { QV

m3x num segments_minusl

fo¢r ( t=0; t<:max_num_segments_minus1;01’:}4- )y |

segment_address|[ t ] \\S\

portion_non_zero_blocks_ areal tb\r\

portion_intra _predicted_bl@cs_area[ t ]

portion_deblocking_ins.t@#ces[ t 1]
portion_alf_filteredc@?’cks[ t ]
if extended_rep(\e’s,e‘;tation_flag ) {
if portionp@:zero_blocks_area[ t ] !'=0) {
portion‘_:@y\_,zero_4_8_l6_blocks_area[ t ] u (
port;@’on_zero_32_64_128_blocks_area[ t ] u (
portion_non_zero_256_512_1024_blocks_area[ t ] u (
A@ﬁon_non_zero_Z048_4096_blocks_area[ t ] u (

u (
u (
portion_non_zero_transform_cqg\fficients_area[ t ] u (
u (
u (
u (

il i) e [ 1 200 \ [
= = T T 7 C

portion_bi_and gpm predicted_blocks_area[ t ] u(8)

portion_bdof blocks_areal t ] u(8)

portion_sao_filtered blocks[ t ] u(8)

© ISO/IEC 2023 - All rights reserved 11
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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
interval, respectively. However, when the upcoming period is a specified time interval or a specified
number of pictures, the associated message is transmitted with the first picture in the time interval or
with the firgtpicture imthe specified mumber of pictures.

6.2.4 Semantics

6.2.4.1 AVC semantics
The semantjics of various terms are defined below.

period_typ¢ specifies the type of upcoming period over which the complexXity metrics are appli¢able
and is definpd in the Table 4.

Table 4 — specification of period_type for AVC

Value Description

0x00 complexity metrics are applicable to a single pictuxe

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.a-specified time interval in seconds

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

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

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

0x06 complexity metrics aresapplicable to all pictures in decoding order, up to (but not including)
the picture containing.the next I slice in the base layer with scalable layer granularity

0x07 complexity metrics.are applicable over a specified time interval in seconds with scalable 1gyer
granularity

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

order with\scalable layer granularity
0x09-0xFF usercdefined

num_secondls indicates the number of seconds over which the complexity metrics are applicable when
period_typ¢ isor 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 of
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.

12 © ISO/IEC 2023 - All rights reserved
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N

mbsInPerio . A
determined by the following computation:

N

picsinPeriod

NbsinPeriod = 2 Nbsinpic (n)
n=1

q specifies the total number of macroblocks that are coded in the specified period. It is

(6-1)

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-
temporal_map indicates which temporal layer has a different number of pictures from num

the

necified neriod when neriod tune is 8
r r 4 r —"J

_pictures in

num| pictures_in_temporal_layers[ t ] indicates the number of pictures in the specified-peric
temporal layer when period_type is 8. When not present, it is equal to num_pictures
N,

pic nPeriodFOI’l‘empchxf/

orl t] specifies the number of pictures in the specified period for the 1
layey. When period_type is 5 ther_l N, iCS]nperiod_ForTmpLayer[ t]is L When, period_typg
Ny n_PeriodFOI’I‘empLayer[ t]is dgtermllnec{’ by counting the.plctures assoc1.ated to the tth‘ temp
decading order up to (but not including) the one containing the next I slice-When period_tyj
N [ t]is determined from the frame rate associatédto the tth temporal

picsinPeriodForTempLayer - . )
peripd_type is 8, then N t]is equal to num_pictures_in_temporal_laye

picsInPeriodFor’l‘empLayer[

port
valu

on_non_zero_8x8_blocks indicates the portion of 8x8 blotks with non-zero transform

s in the specified period and is set equal to P, ,,7.-08x88iks defined as follows:

NnonZeronSBlks *255 ]
* N

PhonZero8x8Blks = F100T
mbsInPeriod

where N, 7ero8x8Biks 1S the number of 8x8 blocks with non-zero transform coefficients v
specjfied period. N, ,,70r08x8B1ks 1S derived frem portion_non_zero_8x8_blocks and N,
decdder.
portjon_intra_predicted_macroblocks\indicates the portion of intra-predicted macrobl
specjfied period and is set equal to.Py,..mps defined as follows:

N,

DintraMbs =Floor ntrpigs *255
mbsinPeriod

whe
deriy

e Nipirambs 1S theyhumber of intra-predicted macroblocks in the specified period.
red from portionyintra_predicted_macroblocks and N, ¢, periog iR the decoder.

port
set ¢

on_six_tap filterings indicates the portion of 6-tap filterings (STFs) in the specified p

qual to.Rgraprii defined as follows:

N sixTapFilt

d for the tth

th temporal
is 6, then
pral layer in
pe is 7, then
layer. When
rs[t].

coefficients
(6-2)

alues in the
Period 111 the

bcks in the

(6-3)

NintraMbs 1S

eriod and is

t =Floor(” *255}

D, .
sixTapFil

(6-4)

\ VmaxSixTapFiltInPeriod

)

where Ny, sixTapFiltinperiod 1S the maximum number of STFs that can occur within the spec

and is derived from N, perioq Variable as

= *
NmaxSiXTapFiltlnPeriod - ( 1664 NmbsInPeriod)

and N sixTapFilt

Counting of NsiXTapFilt
N .

maxSixTapFiltInPeriod in the decoder.

can be found in Annex B. N o pije

© ISO/IEC 2023 - All rights reserved
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is the number of 6-tap filterings (STFs) within the specified period. Guidance for the
is derived from portion_six_tap_filterings and
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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:

P

a

N,

m

IphaPtDbfs = Floor

N alphaPtDbfs

*255
NmaxAlphaPtDbstnPeriod

is derived from N 1nperiod AN Schrmule Variables as

(6-6)

axAlphaPtDbfsinPeriod 1S the maximum number of APDIs that can occur within the specified period and

NmaxAlphaPtDbstnPeriod =128* SchrMult * NmbslnPeriod (6-7)
Schrmule deppnds on the AVC variables separate_colour_plane_flag and chroma_format_idc as shown in
the Table 5.

Table 5 — specification of S, .1 for AVC
S chrMult separate_colour_plane_flag chroma_format_idc Comment
1 0 0 menochrome
1.5 0 1 4:2:0 sampling
0 2 4:2:2 sampling
0 3 4:4:4 sampling
1 any value separate colour plane

N, iphaptpbrs |S the number of APDIs in the specified period. Using-the notation in ISO/IEC 14496-10] this
is equivaler]t to the total number of filtering operations applied to produce filtered samples of the [type
p'g or q'g, injthe specified period. N,j,,.peppys IS derived fram portion_alpha_point_deblocking_instances
and NmaxAlphaPtDbstnPeriod in the decoder.
num_slices {minus1 plus 1 indicates the number of slices per slice_group in the picture.
first_mb_in[slice[ i][j ] indicates the first macroblock number in the slice[i][j ].
N bsinsticel 1117 ] is the total number of maeroblocks that are coded in the slice[ i ][ j ] and is determined
by the folloyving computation:
— if num_flice_groups_minus1 is equal to 0, the following process described in pseudo-code applies.
if (jJ<nup slices minuslfON
Nopstnsikee [01[3] = fifse/mb in slice[0] [j+1] - first mb in slice[0][7]
else
Noparnsiihe [01 3] = RfcSizeInMbs — first mb_in slice[0][]] 6-8)
— otherwjse (mum_slice_groups_minusl is not equal to 0), and after derivation of the macroblo¢k to
slice groupmap (MbToSliceGroupMap) as specified in ISO/IEC 14496-10:2022, 8.2.2.8, the following
process-deseribedinpsetndo—<codeapphes:
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++;

14
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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

[
j

coefficients values in the slice[ i ][ j ] and is set equal to P, ,7.r08x8m1ksL 1 ][ J ] defined as follows:

P

NnonZer08X8Blks [ i ][ j ] %55
NmbsInSlice [ i ][ j ]

n

|

onZero8x8Blks [ i ][ j ]= FIOOT(

(6-10)

where NnonZerongBlks[ i][j]is the number of 8x8 blocks with non-zero transform coefficients values

in the slice[ i ][

j 1

Ny onzerosxsniksl 1 ][ j ] is derived from portion_non_zero_8x8_blocks[ i ][ j ] and

NmbslnSlice[ 1 ][J ] i the decoder:
portjon_intra_predicted_macroblocks[i][j] indicates the portion of macroblocks usingintra prediction
modps in the slice[ i ][ j ] and is set equal to P;,..amps[ 11[ ) ] defined as follows:
N; i]lj
PintraMbs [i][j]=Floor N intraMbs [ ][ ]_] *255 (6-11)
mbsInSlice [ 1 ][ ) ]
where Ny, ampsl 1 ][ j ] is the number of macroblocks using intra prediction modes in the plice[ i ][ j ].
Nipibmbs[ 1117 ] is derived from portion_intra_predicted_macroblocKs[1][j ] and N pqinsiicelli 1[j ] in the
decoder.
portjon_six_tap_filterings[i][ j ] indicates the portion of 6-tap.filterings (STFs) in the specified slice[ i ]
[j]4nd is set equal to Pg;yryppiie[ 1] ] defined as follows:
A Niixtaprite [1][ ]
DsixTapFilt [i][j]=Floor — —<—*255 (6-12)
maxSixTapFiltInSlice [ 1 ][ J ]
where Ny, sivrapFiltinsticel 1 1[J ] is the maximufynumber of STFs that can occur in the slice[[i ][j ] and is
deriyed from N, «insiicel 111 ] variable as
NmaxSixTapFiltlnSlice[ i ][] ] =1664 * NmbslnSlice[ i ][ ] ] (6'13)
and Wg;yraprirel 1 ][ ] is the number of 6-tap filterings (STFs) within the slice[ i ][ j ]. Guidance for the
courfting of Ny rappire[ 11[j ] €anrbe found in Annex B. Ny p,ppiie[ 111 )] is derived from portjon_six_tap_
filterings[i][j ] and Ny aysixtapriteinsiicel 1107 ] in the decoder.
portjon_alpha_point_deblocking_instances|[ i ][ j ] indicates the portion of alpha-point| deblocking
instgnces (APDIs) in the specified slice[1][j ] and is set equal to Py, peppes[ 111 ] defined af follows:
S Naiphapeobss [ 11[7]
Paphapeogs [ 111[ 1= Floor| === == #255 (6-14)
maxAlphaPtDbfsInSlice [1]0]

whereWN ¢, aphaptpbfsinsiice[ 1] ] is the maximum number of APDIs that can occur in the slide[ i ][j ] and
is dertvedfrom ¥, ansticet T e S var iabtes=s

NmaXAlphaPtDbfslnSlice[ i ][] ] =128* SchrMult * NmbslnSlice[ i ][ ] ]

(6-15)

and N, napiobisl 1 ][ J ] is the number of alpha-point deblocking instances (APDIs) in slice[ i ]

[ ]

] N}a)lphaPtDbfs

NmaXAlphaPtDbfslnSlice[ i ][] ] in the decoder.

[ i][j] is derived from portion_alpha_point_deblocking_instances[ i ][ j ] and

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

spec

ified 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).

© ISO/IEC 2023 - All rights reserved
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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).

temporal_id[ 1] 1nd1cates a temporal 1dent1f1er for the NAL umt 1n the Ith scalable layer The value of

temporal_id

portion_non_zero_8x8_blocks[ 1 ] indicates the portion of 8x8 blocks with non-zero grans

coefficients

P

nonZerd

N,

mbsInLayerly
and is deriv

N

mbsInLj

where N, ¢

derivation
ISO/IEC 144

InLaye

values in the Ith scalable layer and is set equal to P, ,7.r08xsp1ksl 1 1L j ] defined a$ follow

NnonZero8X8Blks [ 1 ]
*N

*255

8x8Blks [ 1 ]=Floor l
mbsInLayerInPeriod [ ]

periodl 1 ] is the total number of macroblocks in the 1th scalable layer in the specified pg
ed from N, [1]and N [ temporalid[1] ] as

mbsInLayerInPeriod picsInPeriodForTempLayer

ayerInPeriod [ 1 ] = NmbsInLayer [ 1 ]* NpicsInPeriodForTempLayer[ temporal_id[ 1 ] ] ((

] is the total number of macroblocks in the/Ith.scalable layer and determined
pf tfle number of macroblocks associated with piciparameter_set_id[ 1 ], as specifie
96-10:2022, 7.4.3.

1.1).

form
S:

(6-16)

riod

h-17)

hfter
d in

Nponzerosxsdiksl 1 ] is the number of 8x8 blocks with*fien-zero transform coefficients values in the
Ith scalable[layer in the specified period. It is deri%ed from portion_non_zero_8x8_blocks[ 1 ]| and
NmbsInLayerII Period[ 1 ] in the decoder.
portion_intfa_predicted_macroblocks| I ] indicates the portion of macroblocks using intra predi¢tion
modes in the 1th scalable layer and is set equal to P, ..mps[ 1 ][ j ] defined as follows:
N; 1
Pintramp} [ 1 ]=Floor intrape L1 *255 (6-18)
NmbsInLayerInPeriod [ 1 ]

NintraMbs[ 1 }
specified pe
in the decod

portion_six
layer in the

riod. It is derivedfrom portion_intra_predicted_macroblocks[ 1 ] and Nypinpayerinperid
er.

| tap_filtérings[ 1] indicates the portion of 6-tap filterings (STFs) in the specified Ith sca
specified period and is set equal to Pgjyr,ppic[ 1][j ] defined as follows:

N sixTapFilter [ 1 ] \

r11

is the number ofmacroblocks using intra prediction modes in the 1th scalable layer in the

al1]

able

P

S

N,

N,

ixTapFilt L 1 1= Foor L N

maxSixTapFiltInLayerInPeriod
the specified period and is derived from N

maxSixTapFiltInLayerInPeriod[ 1 ]

fo=

*255
maxSixTapFiltInLayerInPeriod [ 1 ] )

mbsInLayerInPeriod[ 1 ] variable as

=1664* NmbsInLayerlnPeriod[ 1 ]

5-19)

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

(6-20)

Niixraprirel 1] is the number of 6-tap filterings (STFs) within the 1th scalable layer in the specified period.

Guidance fo

filterings[ 1] and N,

16

r the counting of N

sixtaprilet 1 ] can be found in Annex B. It is derived from portion_six

maxSleapFlltInLayerInPeriod[ 1 ] in the decoder.

_tap_
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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 Ny, qinpayerinperiodl 1 1 and Schppmyic Variables as

— * *
NmaxAlnhaPﬂ')hfqlnl averlnPPrind[ 1 ] =128 Srher]lt thc]nl 2VPrInPerind[ 1 ] (6-22)

NaipHapiobssl 11 is the number of alpha-point deblocking instances (APDIs) in the [th¥schlable layer

in the specified period. It is derived from portion_alpha_point_deblocking,instancdgs[ 1 ] and
Nma) AlphaPtDbfslnLayerInPeriod[ 1 ] in the decoder.

6.2.4.2 HEVC semantics
The femantics of various terms are defined below.

peripd_type specifies the type of upcoming period over which the-Complexity metrics arg applicable
and |s defined in the Table 6.

Table 6 — specification of period_type for HEVC

Valye Description

0x0 complexity metrics are applicable to a'single picture

0x0 complexity metrics are applicabletoall pictures in decoding order, up to (but not including)
the picture containing the next\slice

0x0? complexity metrics are applicable over a specified time interval in seconds

0x0] complexity metrics are applicable over a specified number of pictures counted in decoding
order

0x04 complexity metri¢cs-are applicable to a single picture with slice or tile granularity

0x0%-0xFF reserved

num| seconds indicates_the humber of seconds over which the complexity metrics are appljcable when
peripd_type is 2.

num| pictures indicates the number of pictures, counted in decoding order, over which theg complexity
mettics are applicable when period_type is 3.

Aé)_icsInPeriod
odl

is 1. Whewn’period_type is 1, then Np;cqinperioq is determined by counting the pictures in deqoding order
up t¢ (bat not including) the one containing the next I slice. When period_type is 2, then N|; «inperiod 1S

determined from the frame rate. When period_type is 3, then Np;.q,perioq is €qual to num_pictures.

Npic}?;)emd ts the number of pictures in the specified period. When period_type is 0, then
§

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:
N
P — Elanr nonZeroBlks *JCE ( _25)
nonZerdBiksATea N C
4x4BlksInPeriod

where N, 1.-0BIks 1S the number of blocks with non-zero transform coefficients values in the-spedified
period using 4x4 granularity. At the encoder side, N, ,7.r0p1ks 1S cOmputed as follows:

NnonZer bBlks — NnonZero4x4Blks + 4'*NnonZero8XBBlks (( 26)

+ 16>|<NnonZer016x1681ks + 64*NnonZero32x3ZBlks

where NnonZero4X4Blks’ NnonZ_eronBBlks’ NnonZer016x16B1ks' NpopZeroBZxBZBlks are the_ number of 4x4, _8_)(8'
16x16 and B2x32 blocks with non-zero transform coefficients values, f€spectively, in the spedified

period.

Ny onzeroBiks [iS derived from portion_non_zero_blocks_area and Ny 5 sinperioq 1N the decoder.

portion_8x8_blocks_in_non_zero_area indicates the portion ¢f\8x8 blocks area in the non-zero arga in

the specifiefl period and is set equal to P, 7.r08x881ks definéd as follows:

4*N
PnonZerc 8x8Blks ~ F]OOI‘( nonZero8xBBlls + 255) (9-27)

nonZeroBlks

When not present, it is set equal to 0.

N, onzerosxstixs 1S the number of 8x8 blocks With non-zero transform coefficients values in the spedified

period. It isderived from portion_8x8_blocks_in_non_zero_area and N, .05k i1 the decoder.

portion_16416_blocks_in_non_zero{area indicates the portion of 16x16 blocks area in the non{zero
area in the §pecified period andqis set equal to P, 7.016x16B1ks d€fined as follows:

nonZeroBlks

16 * Niyonzero16x16Blks
Pronzerd16x16BIks = Floor *255 (6-28)

When not present,.is equal to 0.

Ny onzerol6x1bpiks~i$ the number of 16x16 blocks with non-zero transform coefficients values ir the
specified period. It is derived from portion_16x16_blocks_in_non_zero_area and N,,.7..opiks i1} the

decoder.

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, onzero4x4Blks 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 * Ninfrnﬂ“{c
[intraBlks — I 100T AR (6-31)

N4x4BlkslnPeriod

N crhBiks 1S the number of intra predicted blocks in the specified period using 8x8/'granularity. At the
encoder side, it is computed as follows:

VintraBlks = NintraSXSBlks + 4'*Nintra16X1681ks + 16*Nintra32x32Blks (6 32)

+64™Nintra6ax64Blks

whete Niyragygpiks Nintrat6x16Biks Nintraszx3zpiks aNd Ninrrasaxeapixs @€ the number of intna predicted
8x8,]16x16, 32x32 and 64x64 blocks respectively, in the specified-period.

N;,«hpiks is derived from portion_intra_predicted_blocks_areaand Ny, 4gksimperiog i the deqoder.

portjon_planar_blocks_in _intra_area indicates the portion of planar blocks area in the intfa predicted

arealin the specified period and is set equal to P, sgiksinintra defined as follows:

N

_ planarBlks

DplanarBlksInIntra =Floor Tx N *255 (6-33)
intraBlks

Wheln not present, it is set equal to 0.

plafarBiks 1S the number of intra planar predicted blocks in the specified period using 4x4 granularity.
At the encoder side, it is computed‘as’follows:

VplanarBlks = Nplanar4x4Blks + 4'*NplanarBXBBlks + 16*Nplanar 16x16Blks (6 34)
+64™N fanar32x32Blks T 256*Nplanar64x64Blks

Whe € Nplanar4X4Bl_ks’ Nplanar8x8Blks' N, lanar16x16Blks’ Nplanar32x32Blks and Np_lanar6flx64Blks are_t_he number of
intrg planar predicted 4x4, 8x8, 16x{6, 32x32 and 64x64 blocks respectively, in the specifigd period.

Nyjadariks is d€fived from portion_planar_blocks_in_intra_area and Nj,,,pjis in the decoder,

portjon_dcblocks_in_intra_area indicates the portion of DC blocks area in the intra predifted area in
the dpécified period and is set equal to Ppcgiksinintra d€fined as follows:

Npcaik
PpcBiksInintra = FIOOF(*—S*255 (6-35)
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:

PHVBlksInIntra = FlOOI‘(

NyvBiks

*255]

N intraBlks

When not present, it is set equal to 0.

(6-37)

NangularHVBl

period usin

N

angular]

where N,,,
are the nun

blocks resp

NangularHVBl

portion_blo
position arg
is set equal

P

acdnFilt]

When not p

NacaniltBlks
sample pos

blocks_a_c_|

portion_blo
are located

to PypriltBikd

Phbrilesl

When not p

[ 1S the TTurmber of fmtraangutar frorizomtatty or verticatty predicted btocks T tire speq
b 4x4 granularity. At the encoder side, it is computed as follows:

— * *
HVBlks — “YangularHV 4x4Blks +4 NangularHV8x8Blks +16 NangularHV16x16Blks 4
* *
+64 NangularHV32X32Blks +256 NangularHV64x64BlkS
hilarHV4x4Blks’ NangularHVSx_SBlks' NangularHV1_6x16Blks' Na}ngularHV32x32Blks and NangularHV64x€
ber of intra angular horizontally or vertically predicted 4x4, 8x8, 16x16, 32x32 and 6
bctively, in the specified period.

. is derived from portion_angular_hv_blocks_in_intra_area@nd N ,..gxs il the decode

located in sub-sample position a, ¢, d or n, as defined in Annex B, in the specified period
to P, qnriltiks defined as follows:

*255)

is the number of prediction blogks whose luma samples position are located in

N acdnFiltBlks

Blks = Floor
4x4BlksInPeriod

Fesent, it is set equal to 0.

d_n_filterings and Ny 4pksiiperiog i the decoder.

cks_h_b_filterings indicates the portion of prediction blocks whose luma samples pos
in sub-sample position h or b, as defined in Annex B, in the specified period and is set ¢
defined as follows:

Nt
= Floor hbFiltBlks * 255 (E
N4x4BlkslnPeriod
Fesent;itis set equal to O.

tion a, ¢, d or n, as defined in_Annex B, in the specified period. It is derived from port

ified

-38)

4Blks
ix64

Ir.

and

-39)

sub-
on_

—

ition
qual

-40)

NybriltBiks 19

thie'number of prediction blocks whose luma samples position are located in sub-sa

mple

positionh o

r b, as defined in Annex B, 1n the specitied period.

Itis derived from portion_blocks_h_b_filterings and N4, 4piksinperioq 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:

PrikqFile

fikqFiltBlks

4x4BlksInPeriod

N
=Floor( *255]
N

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
PipitBiks = FIOOF( FIBle _x255 } (6-42)
N4x4BlksInPeriod

Wheln not present, it is set equal to 0.

Nigiidgiks is the number of prediction blocks whose luma samples position are lgcated in(sub-sample

position j, as defined in Annex B, in the specified period.
Itis flerived from portion_blocks_j_filterings and Ny, 4pixsinperioq N the decoden

portjon_blocks_e_g_p_r_filterings indicates the portion of prediction blocks whose luma blogks position
are lpcated in sub-sample position e, g, p or 1, as defined in Annex B,\in the specified periqd and is set
equdl to Pgp piiepiks defined as follows:

N .

FiltBlk:

PegprFiltBlks = Floor BT %255 (6-43)
N4x4BlksInPeriod

Whehn not present, it is set equal to 0.

Negplrilesiks is the number of prediction blocks whose luma samples position are located infsub-sample

posifion e, g, p or r, as defined in Annex B, in the specified period.
It is flerived from portion_blocks_e_g_p_r_filterings and Ny 4piksinperioq N the decoder.

portjon_deblocking_instances indicatés the portion of deblocking filtering instances in the specified
peripd and is set equal to Py ¢i,sraneés’defined as follows:

N,
Ddbflns'tances =Floor * 6 db*ﬂllslstances *255 (6-44)
chrMult 4x4BlksInPeriod

SchrMure depends on the'HEVC variables separate_colour_plane_flag and chroma_format_idcjas shown in
the Table 7.

Table 7 — specification of S, .1 for HEVC

S chrMult separate_colour_plane_flag chroma_format_idc Cgmment

1 0 0 monochrome
1.5

4:2:0 sampling

4:2:2 sampling

4:4:4 sampling

il =N NN N
WIW|N |-

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 I ¢y, is set equal to CtbAddrRsToTs| first_
ctb_in_slice_or_tile[t+1] ].

— Otherwfise (t equal to num_max_slices_tiles_minusl), the value I gy IS set equal to
CtbAddfRsToTs[ PicSizelnCtbsY ].

—  Nyypirdnsiiceorile[ t 11 derived as follows:

Nyyapiidinsticeortilel t1 = (fastcy ~ Firstceb ) ™ Netbs (§-45)

portion_nonp_zero_blocks_area[ t ] indicates the portion of area covered by Iblocks with non{zero
transform doefficients values in the slice[ t ] or tile[ t ] using a 4x4 blocks grahularity and is set eqyal to

PnonZeroBlks[ureaInSliceOrTile[ t] defined as follows:

NnonZeroBlksInSliceOrTile [ t ] *)55 (E -46)
N 4 4BiksinsliceorTile ! £

PnonZerc BlksArealnSliceOrTile [ t ] = FlOOI‘[

Ny onzeroBlkshnsticeorilel t ] 1S the number of blocks with nomszero transform coefficients values i the
slice[t] or t‘ile[ t ] using 4x4 granularity. At the encoder side,'it is computed as follows:

NnonZer bBlksInSliceOrTile [ t ]: NnonZero4x4BlksInSliceOrTile [ t ]
* k
+4 NncnZero8x8BlksInSlice0rTile [ t ]+ 16 NnonZero16x16BlksInSlice0rTile [ t ] (E '47)

+64‘*NnonZero32x32Blks[nSliceOrTile [ t ]

where Nn01 Zer04x4BlksInSliceOrTile[ t ]’ NnonZero8x881ksInSliceOrTile[ t ]' NnonZer016x16BlksInSliceOrTile[ t ]'

Ny onzero32x32BlksInsliceorTilel ] are the number of non-zero 4x4, 8x8, 16x16, 32x32 blocks in the slice[ t ]

or tile[ t ] rgspectively.

NnonZeroBlkslnSliceOrTile[ t] is derived from portion_non_zero_blocks_area[ t] and N4x4BlksInSlice0rTile[

the decoder

t

]in

portion_8x4_blocks_in_nen-zero_area] t ] indicates the portion of 8x8 blocks area in the non-zerofarea
in the slice[[t ] or tile[4)]'and is set equal to P, 7r08x8BlIksInsliceorTilel t ] defined as follows:

4*N ; a2l t
PoonzerdsxsfilksinsliceorTile [ t ]=Floor NnonzemgxgBlkSInShceorTlle L], 255 (4-48)
nonZeroBlksInSliceOrTile [ t ]

When not present, 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* NnonZero16x16BlksInSliceOrTile [ t ] *955 (6-49)
NnonZeroBlksInSliceOrTile [ t ]

PnonZero16x16BlksInSliceOrTile [ t ]: Floor[

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*N ; qel t]
_ nonZero32x32BlksInSliceOrTile
PnonZero32x3ZBlkslnSliceOrTile [ t ]_ Floor N *255 (6'50)
nonZeroBlksInSliceOrTile [ t ]

When not present, it is set equal to 0.
NnonZer(_)32x3ZBlks_lnShce01’I'ile[_t ] is the_ num‘per of 32x32 b_locks with non-zero transfonm|coefficients
valuges in the slice[ t ] or tile[ t ]. It is derived from portion_32x32_blocks_in_non_zebo_area[ t | and
Nnon ZeroBlksInSliceOI’File[ t ] in the decoder.
NnonZem%xmlkslnSliceo.mle[ t] is'the n}lmber of 4x4 blocks with non-zero transform coefficjents values
in the Shce[ t ] or tlle[ t ] It is derived from NnonZeroBlksInSliceOrTile[ t ]' I_VnonZero8x8BlksInS iceOI’File[ t ]'
Nnon Zer016x16BlkslnSlice0rTile[ t] and NnonZero32X32BlksInSliceOrTile[ t] as followss In the decoder:

VnonZero4){A}BlksInSliceOrTile [ t ]: NnonZeroBlksInSliceOrTile [ t ]

T 4'*NnonZeroBXBBlksInSliceOrTile [ t ]_16*NnonZer016x16BlksInSlice0rTile [ t ] (6'51)

T 64'>l<NnonZer032><32BlksInSliceOrTile [ t ]
portjon_intra_predicted_blocks_areal t ] indicates the portien of area covered by intra predjcted blocks
in thie slice[ t ] or tile[ t ] using 8x8 granularity and is setequal to P;..ps[ t ] defined as follows:

4*N, i el
traBlksInSliceOrTil
DintraBlks [ t ]ZF]OOI‘ N PO S *255 (6-52)
4x4BlksInSliceOrTileth ]

N.

| BlksinsliceorTilel t ] 1S the number of intra predicted blocks using 8x8 granularity in thg

slice[ t] or

intr
tile[ [t ]. At the encoder side, it is computéd as follows:
VintraBlkslnSliceOrTile [ t ]: Nintra8x8BlksInSliceOrTile [ t ]
T 4'*Nintra16x16BlksInSliceOrTile [ t ]+ 16*Nintra32X32BlkslnSlice0rTile [ t ] [6'53)
+64*Nintragax64BlksiusticeorTile | € ]
whete  NiyragxgpiksingticsOrTilel € 1 Nintratexiepiksisticeortilel € 1. Nintra3ox3zpiksinsiiceorriigsl t 1 and
Ninirboaxeapiksinsiiceorritel t 1 are the number of intra predicted 8x8, 16x16, 32x32 and 64x64 blocks in
the dlice[ t] or tile[ t{ respectively.
NipirbBiksinsticeosrile[ t] is derived from portion_intra_predicted_blocks_area[ t ] and Ny piisidsticeoritel t]

in thie decoder:

port

on/planar_blocks_in_intra_area[ t ] indicates the portion of planar blocks in the inty

a predicted

area

41 1: || ezl o] h 4 1 4 D el 1. c: | £-11
LT OSILTT U T UL UTHITT U dlIIU IS STL TYUAT tU rplanarBlksInlntral U UTTIITU 45 TUITUVWS.

N iceorTile [ t ]
_ planarBlksInSliceOrTile
PplanarBlksInIntra [ t ]— Floor N *255 (6-54)
intraBlksInSliceOrTile [ t ]
When not present, it is set equal to 0.
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Ny

4x4 granula

rity. At the encoder side, it is computed as follows:

NplanarBlksInSliceOrTile [ t ]: Nplanar4x4-Blks [ t ]

+ 4*Nplanar8x8Blks [ t ]+16*Nplanar16x16Blks [ t ]

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

where N,

ar4x4Blks

lanarBlksnSliceorTilel t ] 1S the number of intra planar predicted blocks in the slice[ t ] or tile[ t ] using

(6-55)

lanar8x8Blks t ] Nplanar16x16Blks[ t ] Nplanar32x32Blks[ ] and Nplanar64x64Blks[ t ]

are the number of 1ntra p[l)anar predicted 4x4, 8x8, 16x16, 32x32 and 64x64 blocks in the slice[ t ] or
tile[ t ] respectively.
Ny lanarBlksingliceorTilel t ] is  derived from portion_planar_blocks_in_intra_area[ t ~75|and
antraBlksInSl ceOr’Tile[ t] in the decoder.
portion_dc_|blocks_in_intra_area[ t ] indicates the portion of DC blocks in the intra predigted area ih the
slice[ t] or tlile[ t ] and is set equal to Ppcpprsinintral t] defined as follows:
N ; Jel €
PDCBlksI e [ t ]= Floor i DCBIksInSliceOrTile [ ] *955 (6 -56)
NintraBlksinSliceorTile [ t ]
When not plesent, it is set equal to 0.
NpcgiksinstickorTilel t ] 1s the number of intra DC predicted blocks imtheé slice[ t ] or tile[ t ] using 4x4
granularity] At the encoder side, it is computed as follows:
NpcgiksfnsticeorTile [ t 1= Npcaxaniks [ t 1+4*Npcgyxapiks L]
+16*Njc16x168iks [ t1+64*Npcaaxazpiks [ t] (6-57)
+256*NpcoaxsaBlks [ t ]
where Npcabapiisl t 1, Npcaxspiksl t] Npcisxaepiksl t 1 ¥pcszx3apiksl t1and Npegaysapixsl t]are the number
of intra DC predicted 4x4, 8x8, 16x16, 32x32 and-64x64 blocks in the slice[ t ] or tile[ t ] respectively.
NpcgiksinslickorTilel t ] 1s derived from portion_dc_blocks_in_intra_area[ t | and N, .piksinsticeorTilel [ ] I

the decoden

portion_ang

ular_hv_blocks_in_intra-area[ t ] indicates the portion of angular horizontal or ver

blocks in the intra predicted area-in"the slice[ t ] or tile[ t ] and is set equal to Pyypiksinintral €1 def

as follows:

PHvBIksI

When not p

NyuvgiksinsliceorTile | t ]

hintra [ 1= Floor[ (6

. %255
NintraBiksinsliceorTile | t ]

Fesent it s set equal to 0.

tical
ined

-58)

NHVB]ksInSlical

slice[t] ort

1| t]is the number of intra angular horizontally or vertically predicted blocks i

NyvBiksinsticeorTile [ € 1= Nuvaxapiks [ t 1+4*Nyysxspiks [ ¢ ]

+16*Nyy16x16Biks L t 1764 Nyuy32x3281Kks [ £ 1+

+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] ort

NyyBiksinsliceorTilel

ile[ t ] respectively.

t ]

is derived from portion_angular_hv_blocks_in_intra_area[ t

]

NintraBlksInSliceOrTile[ t] in the decoder.

24
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(6-59)

and
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defined as follows:

P

NocnriteBiks [ € ]

acdnFiltBlks [ t ]: Floor[

[t]*255]

N 44 4BIksInSliceOrTile

(6-60)

N, canFileBiksL t ] is the number of prediction blocks whose luma samples position are located in sub-

sample position a, c, d or n, as defined in

bloc

port
posi
Whe
follo

Nipr
posi

filtel

port
posi
Whe

Annex B, in the slice
ks a ¢ d n filterings[t]and Ny 4ppcinsiiceosruc[ t]in the decoder.

[t] ortile[ t]. Itis derived from portion_

ion are located in sub-sample position h or b, as defined in Annex B, in the stice[ t
n not present, is equal to 0. portion_blocks_h_b_filterings[ t ] is set equal to P} }gifipiksl t

Ws:
*255]

1tBIks| €] 1s the number of prediction blocks whose luma sample§‘position are located in
ion h or b, as defined in Annex B, in the slice[ t ] or tile[ t ].(It)is derived from portion_|
ings[ t] and N4x4BlksInSliceOrTile[ t ] in the decoder.

Nypritepiks [ t ]

PhbFileBlks | € ]=Floor -
4x4BlksInSliceorTile [ € ]

on_blocks_f_i_k_q_filterings[ t ] indicates the portion-of prediction blocks whose lu
ion are located in sub-sample position f, i, k or g/as'defined in Annex B, in the slice[ t
n not present, is equal to 0. portion_blocks_f i¢k”q_filterings[ t ] is set equal to Py

defined as follows:

N
sam]
bloc

port
are |

Nixqritsiks [ &

PhikqFiltBlks [ € 1= FlOOF( T3 *255j

isiksL ] 1s the number of prediction blocks whose luma samples position are locs
ble position f, i, k or q, as defiried in Annex B, in the slice[ t ] or tile[ t ]. It is derived fr
ks_f_i_k_q_filterings[ t ] and' Ny, 4pksinsticeorilel £ ] in the decoder.

N4x4BlksInSliceOrTile

on_blocks_j_filterings[ t] indicates the portion of prediction blocks whose luma samp
pcated in sub-samplé\position j, as defined in Annex B, in the slice[ t ] or tile[ t ]. When

is equal to 0. portion blocks_j_filterings| t ] is set equal to Pjg;ps[ t ] defined as follows:

on_blocks_h_b_filterings[ t ] indicates the portion of prediction blocks whosé lunlna samples

or tile[ t ].
] defined as

(6-61)

sub-sample
blocks_h_b_

ma samples
] or tile[ t].
qFiltBiks t ]

(6-62)

ited in sub-
bm portion_

les position
not present,

Nipitpiks [ t ]
PiFiltBlks [ €J}=Floor - *255 (6-63)
N4x4BiksinsticeorTile [ t ]
Nigidgigs[ U] is the number of prediction blocks whose luma samples position are locgted in sub-
samplePposition j, as defined in Annex B, in the slice[ t ] or tile[ t ]. It is derived from porti¢n_blocks_j_

filtertngs[ T ] and Ny 4piksinsliceorTilel € ] 1N the decoder.

portion_blocks_e_g_p_r filterings[ t ] indicates the portion of prediction blocks whose luma 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 ]

P

€

*255 6-64
o ] (6-64)

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.

gprFiltBlks [ t |=Floor N
4x4BlksInSliceOrTile
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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 semantiics of various terms are defined below.

period_typ¢ specifies the type of upcoming period over which the complexity metrics are)appli¢able
and is definged 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 exder, 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 nimber of pictures counted in decoding
order

0x4-0xF user-defined

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

Table 9 — specification of granularity_type for VVC

Value Description

0x0 complexity metrics areapplicable to picture granularity

0x1 complexity metrics are-applicable to sub-picture granularity
0x2 complexity metgics.are applicable to slice granularity

0x3 complexity metrics are applicable to tile granularity
0x4-0x7 user-defied

extended_r¢presentation_flag equal to 1 indicates that the syntax elements portion_non_zero_4_§_16_
blocks_ared, portion_non_zero_32_64_128_blocks_area, portion_non_zero_256_512_1024_bldcks_
area, portion/non_zero_2048_4096_blocks_area, portion_bi_and_gpm_predicted_blocks_garea,
portion_bd:[f_blocks_area, portion_sao_filtered_blocks, portion_non_zero_4_8_16_blocks_area[ |t ],
portion_non_zero_32_64_128_blocks_area] t ], portion_non_zero_256_512_1024_blocks_area[ t ],
portion_non_zero_2048_4096_blocks_area] t ], portion_bi_and_gpm_predicted_blocks_area] 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,
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then N

picsInPerio
num_pictures.

q1s determined from the frame rate. When period_type is 3, then N

picsinPeriod 1S equal to

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

picsinPeriod

N4SampleBlksInPeri0d = Z N4SampleBlksPic (n) (6'66)
n=1

whete Nyg,mpieikspic(?) is derived for the nth picture within the specified period 1 <= n 5= Npicsinperiod

fron] VVC variables PicSizeInCtbsY and CtbLog2SizeY specified for the decoding pro¢ess of the nth
pictyre within the specified period, as follows:

—

— * *
J4SampleBlksPic(n) - SchrMult SpicInCtb ctbs (6'67)
where

— N

C

tbs 1S set equal to (1 << ( CtbLog2SizeY - 1) )2

Spicinctb 1S set equal to PicSizelnCtbsY

S

C

nrMule depends on the VVC variable sps_chroma_format_idc as shown in the Tabjle 10

Table 10 — specification‘of S, .y, for VVC

SehrMult sps_ilgzrir(lii_for- Comment
1 0 monochrome
1.5 1 4:2:0 sampling
2 4:2:2 sampling
3 4:4:4 sampling

portjon_non_zero_blocks_area‘indicates the portion of area covered by blocks with non-zerp transform
coefficients values, in the pictures of the specified period, using 4-samples block granularify and is set

equdl to P, 7eroBiksAres@efined as follows:
») | NnonZeroBlks %955 6-68
nonZeroBlksArea — 1001 N (6-68)
4SampleBlksInPeriod
where N, 572 Biks 1S the number of blocks with non-zero transform coefficients values in the specified

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

X
= *
NnonZeroBlks - LZ 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.

N

nonZeroBlks 1S derived from portion_non_zero_blocks_area and Nys,mpicBiksinperiod 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 ar

P

n

onZero4_8_16_Blks — FlOOI‘(

ea in the specified period and is set equal to P, ;7104 8 16_Biks defined as follows:

|

NnonZero4_8_16_Blks *)EC

nonZeroBlks

When not present, portion_non_zero_4_8_16_blocks_area is set equal to 0.

(6-70)

onZero4 8_16_Blks 1S the number of 4-, 8- and 16-samples transform blocks with non-zero transform

coefficients values in the specified period using 4-samples block granularity. At the encoder side, it is

NIl
computed a

N nonZer
N,

nonZero4_8_

s follows:
X -
b4_8_16_Blks — Z (Z * NnonZeroB]ks_X ) (()'71)
X=4,8,16
6 Blks 1S derived from portion_non_zero_4_8_16_blocks_area and N, ,,7¢,ogks I the decpder.

portion_non_zero_32_64_128_blocks_area indicates the portion of 32-, 64- and(128-samples bl

area in the
follows:

P

nonZerd

When not p
N,

nonZero32_6
transform d

side, it is co

N

nonZer

N,

nonZero32_6
decoder.

non-zero area in the specified period and is set equal to P, ,7..452 64 128 Biks defing

ocks
d as

N
3264128 Blks — Floor nonZero32_64_128_Blks *)EC 4-72)
nonZeroBlks

Fesent, portion_non_zero_32_64_128_blocks_area is;set’equal to 0.

i 128 Blks 1S the number of 32-, 64- and 128<amples transform blocks with nonqzero
oefficients values in the specified period using.4-samples block granularity. At the enqoder
mputed as follows:

X *
h32_64_128 Blks — Z Z NnonZeroBlks_X (( '73)
X=32,64,128
i 128 Blks IS derived from portien_non_zero_32_64_128_blocks_area and N, ,7er0p1ks it the

portion_non_zero_256_512_1024_blocks_area indicates the portion of 256-, 512- and 1024-sanpples

blocks area
defined as fi

P

nonZerd

When not p

in the non-zero area in the specified period and is set equal to P,,,7cr0256 512 102-
bllows: S

Fesent;portion_non_zero_256_512_1024_blocks_area is set equal to 0.

NnonZer0256_512_1024_Blks *9EC
N

256_512_1024-Blks = Floor
nonZeroBlks

N,

nonZero256

}_Blks

b-74)

5121024 Blks 1S the number of 256-, 512- and 1024-samples transform blocks with non;

Zero

transform coefficients values in the specified period using 4-samples block granularity. At the encoder
side, it is computed as follows:

NponZero256 5121024 _Blks =

N,

nonZero256_

X

*
Z NnonZeroBlks_X)

2

X=256,512,1024

[

512 1024 Blks 1S derived from portion_non_zero_256_512_1024_blocks_area and N,

in the decoder.

28

(6-75)

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

PhonZero2048 4096 Blks = Floor[ (6-76)

Nronzero2048_4096_Blks 4 J5c
nonZeroBlks

When not present, portion_non_zero_2048_4096_blocks_area is set equal to 0.

NionZero2048 4096 Blks 1S the number of 2048- and 4096-samples transform blocks with non-zero
transform coefficients values in the specified period using 4-samples block granularity. At the encoder
side/it is computed as follows:

X
VnonZer02048_4096_Blks = 2 (Z * NnonZeroBlks_X ] (6'77)
X=2048,4096

Nponkero2048 4096 Biks 1S derived from portion_non_zero_2048_4096_blocks_area and N
decagder.

nonZgroBlks 11 the

portjon_non_zero_transform_coefficients_area indicates the portion of area covered By non-zero
trangform coefficients in non-zero transform blocks in the pictures of the specified pé¢riod, using

4-samples block granularity and is set equal to P, 7cr0coefsarea d€fined as follows:

N

_ nonZeroTransformCoefs

PronZeroCoefsArea = Floor[ * N *255 J (6-78)
nonZeroBlks

NyonfreroTransformcoefs 1S the area covered by non-zéro trans_form coefficients in non-zerg transform
blocks in the specified period using 4-samples block-granularity.

1\{{10n ZemTéansformCOefs is derived from portion_non_zero_transform_coefficients_area and N{,.7croBiks I
the decoder.

portjon_intra_predicted_blocks_area indicates the portion of area covered by intra predicted blocks in
the Eictures of the specified periodusing 4-samples block granularity and is set equal to P;, i apredBiks
defined as follows:

N

intraPredBlks

CintraPredBlks = Floor N *255 (6-79)
4SampleBlksInPeriod

Niyirhpreapiks 1S the@umber of intra predicted blocks in the specified period using 4-samples block
granularity. At théencoder side, it is computed as follows:

X

VintraPredBlks = Z >Wintral’redBlks_X ) (6-80)

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

wheteW. ..o 4on. vis the number of blocks using intra prediction, for blocks with number of samples

HcFarFeaomtS—=x

X=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:

PbiGmelks =Floor

NbiAndemPredBlks *955

N4SampleBlksInPeriod

(6-81)

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:

AW

Lo

Npiandg]

Where Nyjphdcpmpredsiks_x are the number of blocks using inter bi-prediction or GPM prédictior

X
o NbiAndemPredBlks_X &

pmPredBlks —

ps

X=4,8,16,32,64,128,256,512,1024,2048,4096

-82)

, for

blocks with number of samples X=4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, in"the spedified
period.
NyiandGpmprpdBiks 1S derived from portion_bi_and_gpm_predicted_blocks_area and'Wys,mpleiksinperfod I
the decoder]
portion_bdg¢f blocks_area indicates the portion of area covered by intef¢blocks using BDOF ir} the
pictures of the specified period using 4-samples block granularity andis set equal to Py 4,¢ps defined
as follows:
P _F NbdofBiks «
bdofBlk$ = FlOOT 255 (4-83)
N4SampleBlksInPeriod

NpgofBiks 1S

the number of inter blocks using BDOF in«the specified period using 4-samples 1

lock

granularity] At the encoder side, it is computed as follows:
Nbdofsis = (X /4*Nydorsiks_x ) (4-84)
X=128,256,512,1024,2048,4096
Where Ny g piks x are the number of inter-¢oded blocks using BDOF, for blocks with number of samples

X=128, 256,

Ny goriks is dlerived from portion_bdof:blocks_area and Nys,mpieBiksinperiod I the decoder.

portion_delj
period and

P dbflnsta

Ndbflnstances

512, 1024, 2048, 4096, in the specified period.

locking_instances«indicates the portion of deblocking filtering instances in the sped
s set equal to Pyl )stances defined as follows:

*255]

is the'number of deblocking filtering instances in the specified period. It is derived

Ndbﬂnstances

4'*NA}SampleBlksInPeriod

ces = Floor( (4

ified

-85)

from

portion_delj

locKing_instances, and Nyg, . ,leBlksinPeriod I 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:

No
P, 0Blks =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
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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

N.

a

NaifFilteredBlks
N4SampleBlksInPeriod

a

IfBlks — Floor[

*255)

(6-87)

IfFilteredBlks 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.

max_num_segments_minusl indicates the number of subpictures, slices or tiles in the associated
picture.

seg
seg

type
tree

1

ent_address[ t | indicates the address of the tth segment. When granularity_type i
ent_address[ t ] indicates the subpicture ID of the tth subpicture subpicture[ t ]. Mhen
is equal to 2 or 3, segment_address| t ] indicates the picture raster scan address.6f the
block (CTB) number in slice[ t] or tile[ t ].

3

f granularity_type is equal to 1, Nygampleiksinsegmentl t ] 1S derived as follows from VY
bps_subpic_id, sps_subpic_width_minus1, sps_subpic_height_mitnus1 and CtbLog2SizeY
SO/IEC 23090-3

leBlksinsegmentl t ] is the total number of 4-samples luma and chromablocks in the
or subpicture[ t ]. Nys,mpleBiksinsegmentl t ] is determined by the folowing computatio

sis defined as the index value such that sps_subpicAd[ s ] is equal to the subpicture
address[ t].

w.

S

ubpic IS set equal to (1 + sps_subpic_width<minus1[s]) << ( CtbLog2SizeY - 1).

H is set equal to (1 + sps_subpic_height_minus1[s]) << ( CtbLog2SizeY - 1).

subpic

* W, ¥ Hsubpic )

S

N4SampleBlksInSegment[ t ] Is set equal to ( SchrMult ubpic

fgranlﬂarlty type is equal to 2, N4-SampleBlksInSe ment
NumCtusInSlice and CtbLog2SizeY specified in I§O/IEC 23090-3:

NysampleBiksinsegment| t]dsset equal to Sy e * ( ( NumCtusInSlice[ t ] ) << ( CtbLog

"¢

Dtherwise, if granularity_type is equal to 3, Nyg, is derived as f
VVC variables ctbIgTileColldx, ctbToTileRowldx,

SO/IEC 23090-3:

leBlksInSe ent

— ctbAddeX\is set equal to segment_address| t ].

tileColldx is set equal to ctbToTileColldx[ ctbAddrX |.
tileRowldx is set equal to ctbToTileRowldx[ ctbAddrX ].

[ t]is derived as follows from VY

olWidthVal and RowHeightVal

equal to 1,
branularity_
first coding

slice[ t ] or

n.

/C variables
specified in

D segment_

/C variables

pSizeY - 1))

llows from
pecified in

Weie IS Set equal to ColwidthVal[ TileColldx ] << { CtbLogZSizeY - 1 J.

H; is set equal to RowHeightVal[ tileRowldx ] << ( CtbLog2SizeY - 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

P

n

onZeroBlksArea [ t ]: Floor

and is set equal to P, ,7eroBiksareal t ] defined as follows:

NnonZeroBlksInSegment [ t ]

*255
N4SampleBlkslnSegment [ t ]

(6-88)

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,

computed as follows:

it is

N

nonZer

(6-89)

where N4

the slice[ t ]
512, 1024, 2

N
in the decod

portion_non_zero_4_8_16_blocks_area][ t | indicates the portion of 4-8- and 16-samples blocks ar

the non-zer
set equal to

P

nonZerd

When not p
N

nonZ_er_04_8_
coefficients

encoder sid

N

nonZer

N,

nonZero4_8_

nonZeroBlkslnSegment

2 (X/4*N

X=4,8,16,32,64,128,256,512,1024,2048,4096

bBlksInSegment [ t ]: nonZeroBlksInSegment.'X [

eroBlksinSegment_x[ t ] 1S the number of blocks with non-zero transform coefficients valug
or tile[ t ] or subpicture] t ], for blocks with number of samples X=4, 8,16, 32, 64, 128,
048, 4096, respectively.

[ t]is derived from portion_non_zero_blocks_area[ tJdnd NygymplepiksinSegme]
er.

D area in the slice[ t ] or tile[ t ] or subpicture[ t ], using4-samples block granularity a
PnonZer04_8_16_Blks[ t] defined as follows:
* 255)

resent, portion_non_zero_4_8_16_blocks-area[ t] is set equal to 0.

NnonZero4_ 8_16_BlksInSegment [ t ]

4.8 16 Blks| t ]ZF]OOF( (4

nonZeroBlksInSegment [ t ]

{6_BlksinSegmentl t ] is the number.of-4-, 8- and 16-samples blocks with non-zero trans

P, it is computed as follows:

X

(z y

b4_8_16_BlksInSegment [ t ]Z 2

ES
NnonZeroBlksInSegment_X [ t ])
X=4,8,16

{6_Blksinsegment[( §7] 1is derived from portion_non_zero_4_8_16_blocks_area[ t ]

NnonZeroBlks nSegment

portion_non_zero_32364_128_blocks_area[ t ] indicates the portion of 32-, 64- and 128-samples bl

[ t]inthe decoder.

t])
S, in
256,
[t]

t

Pa in
nd is

-90)

form

values in the slice[ t ] or tile[ t.JTor subpicture[ t ], using 4-samples block granularity. At the

-91)
and

ocks

area in the phon-zere area in the slice[ t ] or tile[ t ] or subpicture][ t ], using 4-samples block granularity
and is set equalto' P 7.1032 64 128 Biks| t ] defined as follows:
—F] NnonZer032_64_128_BlksInSegment [t] x5t 92
Pronzero32_64_128_Biks [ t ]=Floor (6-92)
nonZeroBlksInSegment [ t ]

When not present, portion_non_zero_32_64_128_blocks_area[ t ] is set equal to 0.

32
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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:

NnonZero32_64-_128_BlksInSegment [ t ]:

X

&

>

>|<NnonZer'oBlksInSegment_X [ t ] j
X=32,64,128

(6-93)

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

NnonZeroBlksInSegment

[t]in the decoder.

portion_non_zero_256_512_1024_blocks_area[ t ] indicates the portion of 256-, 512- and 1024-samples

blocks area in the non-zero area in the slice| t ] or tile] T | or subpicture] t |, using 4-sa

gra

Whe
N

non
Zero

larity and is set equal to P, ;710256 512 1024 _Biksl t ] defined as follows:

nonZero256_512_1024_BlksinSegment | T ]
N

nonZeroBlksInSegment [ t ]

*255]

n not present, portion_non_zero_256_512_1024_blocks_area[ t ] is set,equal to 0.

N
PronZero256 5121024 Blks | € ]=F100r[

Vero256 5121024 BlksinSegment| € ] 1S the number of 256-, 512- and~1024-samples block
transform coefficients values in the slice[ t ] or tile[ t ] or subpicture| t ], using 4-sa

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

mples block

(6-94)

5 with non-
mples block

X
VnonZer0256_512_1024_BlkslnSegment [ t ]: 2 (Z >anonZeroBlksInSegment_X [ t ]) (6-95)
X=256,512,1024

Nyonlero256 512 1024 Biksinsegmentl t ] is derived from{portion_non_zero_256_512_1024_blodks_area] t ]
and VnonZeroBlksInSegment[ t[in the decoder.
portjon_non_zero_2048_4096_blocks_area[ t Jdndicates the portion of 2048- and 4096-samples blocks
area|in the non-zero area in the slice[ t ] or; tile[ t | or subpicture[ t ], using 4-samples block|granularity
and |s set equal to P, ;76102048 4096_piksl tFdefined as follows:

5 NyonZero2048_4096_BlksinSegment | €]

nonZero2048_4096_Blks | t ]=Floor N 255 (6-96)

nonZeroBlksInSegment [ t ]

Whein not present, portion_non_zero_2048_4096_blocks_area[ t ] is set equal to 0.
Nyonfero2048_4096_BiksifSegmentl t ] is the number of 2048- and 4096-samples blocks with non-zero
trangform coefficients“values in the slice[ t ] or tile[ t ] or subpicture[ t ], using 4-samples block

granularity. At thé.encoder side, it is computed as follows:

X
VnonZer02048_4096_BlksInSegment [ t ]: 2 (Z*NnonZeroBlksInSegment_X [ t ]j (6-97)
X=2048,4096
Nponlzers?048 4006 Blisinseament] t 1 1S derived from portion non zero 2048 4096 blocks area[ t | and
NnonZeroBlksInSegment[ 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

P

N,
slice

N

NnonZeroBlksInSegment

nonZeroTransformCoefs[ t ]

nonZeroTransformCoefs[

honZeroCoefsareal t ] defined as follows:

NnonZeroTransformCoefs [ t ] %955

=Floor

nonZeroCoefsArea

NnonZeroBlksInSegment [ t ]
[t]ortile[ t] or subpicture[ t], using 4-samples block granularity.

[t]in the decoder.
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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:

PintraPre

N.

1

NintraPredBlks [ t ]

dBlks | t ]=Floor

*255]

N4SampleBlksInSegment [ t ]

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

N

AW

(6-99)

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

intraPr

Where N

inty
samples X=1

NintraPredBlk

the decoden

portion_bi_
predicted o
granularity

PbiGme

NbiAndemPr
tile[ t ] or §
follows:

Npiandg

Where Ny,
with numbd{
subpicture|

NbiAndemPr
4SampleBlks

portion_bd
slice[ t] or
defined as f|

L
U

[
bdBIks L 1~

XNT | PR |
~ intraPredBlks_X L v |

ps

X=4,8,16,32,64,128,256,512,1024,2048,4096
aPredBlks x| t ] 1s the number of blocks using intra prediction, for blocks witli numb
|, 8, 16, 32, 64, 128, 256, 512, 1024, 2048, 4096, in the slice[ t ] or tile[ t ] or subpicture[

[ t] is derived from portion_intra_predicted_blocks_area[ t] and Ny, sjepiksinsegment|

hnd_gpm_predicted_blocks_area[ t | indicates the portion of ared covered by inte
I GPM-predicted blocks in the slice[ t ] or tile[ t ] or subpicturef t'], using 4-samples
and is set equal to Pygompredpiks| t ] defined as follows:

NbiAndemPredBlks [ t ]

0] *255]

L4Biks| t ] is the number of inter bi-predicted ahd GPM-predicted blocks in the slice[ {
ubpicture[ t ], using 4-samples block granularity. At the encoder side, it is computg

L edBIks [ t |=Floor 6

4SampleBlksInSegment [

Xy

pmPredBlks [ t ]: 4

( biAndGpmPredBlks_X [ t ]) (6'
X=16,32,64,128,256,512,1024,2048,4096

hdGpmPredsiks_x| t ] are the number of blocks using inter bi-predicted prediction, for bl
br of samples X=16, 32, 64,°128, 256, 512, 1024, 2048, 4096, in the slice[ t | or tile[ t
t].

LagiksL t ] is detived from portion_bi_and_gpm_predicted_blocks_area[ t ]
nsegmentl t ] in thedecoder.

ile[ t ] or&ubpicture[ t ], using 4-samples block granularity and is set equal to Py g,¢g)
bllows:

Nypgofpiks [ t ]

PodofBIk

100)

and

f_blocks_area[t'] indicates the portion of area covered by inter blocks using BDOF im the

sLt]

NG ]=Floor( *255)

(61

103)

AL 41
\"4—Samp1eBlksInSegment [t1]

)

Nypgorpiksl t] is the number of inter blocks using BDOF in the slice[ t ] or tile[ t ] or subpicture][ t ], using
4-samples block granularity. At the encoder side, it is computed as follows:

Nygospiks [ t 1=

Xy
4

>

X=128,256,512,1024,2048,4096

[

bdofBlks_X )

(6-

104)

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 Nyg,mpiepiksinsegment[ t]in the slice[ t] or tile[ t] or subpicture[ t].

portion_sao_filtered_blocks[ t | indicates the portion of SAO filtered blocks in the slice[ t ] or tile[ t ]
or sybpicture[ t ], using 4-samples block granularity. At the encoder side, it is set equaltd Pg,pksl t ]
computed as follows:

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

N ofitteredniksl t] is the number of SAO filtered blocks in the slice[ t ] or tilef-t ] or subpicture[ t ], using
4-samples block granularity. It is derived from portion_sao_filtered_blocks[ t ], Nygampieikdinsegmentl t ]
in thie decoder.

portjon_alf filtered_blocks[ t ] indicates the portion of ALF filtened blocks in the slice[ t]] or tile[ t ]
or sybpicture][ t ], using 4-samples block granularity. At the €r¢oder side, it is set equal t¢ P,rpsl t ]
computed as follows:

N_1eri t
DalfBlks [ t ]: Floor alfFilteredBlks [ ] *) 56 (6-107)
4SampleBlksInSegment [ t ]

N i¢iteredpikst t] is the number of ALF filteredblocks in the slice[ t ] or tile[ t ] or subpicture][ t ], using
4-samples block granularity. It is derived from portion_alf_filtered_blocks[ t ], Nyg,mpleBiks

] [nSegment[ t ]
in thie decoder.

6.3 | Interactive signalling for. remote decoder-power reduction

6.3.1 General
For point-to-point videg toriferencing, each device contains a transmitter and a receiver. A [local device

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

6.3.2 Syntax

The pyntaxfor interactive signalling for remote decoder-power reduction is described in Tgble 11.

I'able 11 — syntax for interactive signalling for remote decoder-power reduc fion

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)

© ISO/IEC 2023 - All rights reserved 35


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

ISO/IEC 23001-11:2023(E)

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 transmlitter in each device sends a decoding operation reduction request (DOR-Req) message to
the attention of the remote encoder. In a first mode (dec_pow_reduction_type equal to 0), this medsage
requests the remote encoder to adjust its encoding parameters so that ideally, whenthie local dedoder
decodes the¢ bitstream, the power saving of the local decoder matches the powerisaving implied by
the DOR-Re[g message. In a second mode (dec_pow_reduction_type equal to 1),.this message requests
the remote encoder to disable coding tools so that, when the local decoder decodes the bitstream, the
power conspmption of the local decoder is decreased. In a third mode (de¢pow_reduction_type dqual
to 2), this njessage requests the remote encoder to adjust the picture resolution and video frame|rate
so that, whén the local decoder decodes the bitstream, the power conswmption of the local decoder is
decreased.

6.3.4 Semantics

dec_pow_reduction_type indicates the type of the decoder;power reduction method which is requdsted
by the receifer. 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_ops_reduction_req indicates the requested variation of local decoding operations relative t¢ the
local decoding operationSsince the last dec_ops_reduction_req was sent to the transmitter, or sincg the
start of the|video session, if no earlier dec_ops_reduction_req was sent. dec_ops_reduction_req |s an
integer in the interval [-31, 32]. When not present, dec_ops_reduction_req is set equal to 0.

Ppecopsredudriohreg 1S derived by dec_ops_reduction_req and indicates the requested percentage change
of local decgding operations by

PDecOpsReductionReq = 2>|<dreq (6-108)

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.

pic_height in luma samples indicates the requested picture height in the units of luma samples.
frames_per_second indicates the requested frame rate.
7 Display power reduction using display adaptation
7.1 | General
With respect to the functional architecture, display adaptation((PDA) provides greep metadata
comprised of RGB-component statistics and quality indicators. The.statistics are used tq set display
contfols in the presentation subsystem so that desired quality lévels and corresponding display power
reductions are attained.
7.2 | Syntax
7.2.1 Systems without a signalling mechanism from the receiver to the transmitter
The message format used to send metadata from the transmitter to the receiver is described in Table 13.
Table 13 —.syntax for display power reduction
Desgriptor
num|constant_backlight voltage time_ intervals u(2)
num|max variations u (2
num|quality levels u (4)
for| (3 = 0; j < num wmax variations; j++) {
m3x_variation[ (j i u (8
}
for|(k = 0; k< num constant backlight voltage time intervals; k++) {
constantibacklight voltage_time interval[ k ] u(lp)
for (3= 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 transm

itter then uses the message format to signal metadata to the receiver described in Tabl

Table 15 — syntax to receiver for display power reduction

Descriptor

nupn _quality levels

u(4)

lo

wer bound u(8)

if

(lower bound > 0)

uj

bper_bound u(8)

rg

b_component_for_ infinite psnr u(8)

fo

- (1 = 1; 1 <= num quality levels; i++) {

m,

hx rgb_component[ i ] ui(8)

s

baled psnr_rgb[ i ] u(8)

}

7.3 Signa

7.3.1 Sys

Green meta|
within the ]
format in 7|
presentatio

7.3.2 Sys
Using the fi
time_intervy
format in 7,

subsystem yintilthe next message containing DA metadata arrives.

1ling

fems without a signalling mechanism from the receiver to the transmitter

data can be carried as specifiedin ISO/IEC 13818-1 or it can be carried in metadata ty
SO base media file format (ISO/IEC 14496-12), as specified in ISO/IEC 23001-10. Usin
2.1, the transmitter sends.a’message to the receiver. The DA metadata is applicable t
h subsystem until the next message containing DA metadata arrives.

fems with a signalling mechanism from the receiver to the transmitter

st messagedformat described in 7.2.2, the receiver first signals constant_backlight_volt
al and max-variation to the transmitter. The transmitter then uses the second mes
2.2 to send a message to the receiver. The DA metadata is applicable to the present

1

(D

acks
b the
b the

age_
sage
ition

7.4 Sema

ntics

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 bitstream,
where 0 <=j < num_max_variations.

constant_backlight_voltage_time_interval[ k | indicates the minimum time interval, in milliseconds,
that shall elapse before the backlight can be updated after the last backlight update. This is the kth
minimum time interval for which metadata is provided in the bitstream, where 0 <= k < num_constant_
backlight_voltage_time_intervals.

lowdr_bound[ k ][ j ] indicates if lower_bound][ k ][ j ] is greater than zero, then metadatafor contrast
enhgncement is available at the lowest quality level, for the kth constant_backlight/vgltage_time_
inteftval and jth max_variation. If lower_bound[ k ][ j ] = 0, then contrast-enhancement metadata is
unavailable.

uppdr_bound[ k ][ j ] indicates for the kth constant_backlight_voltage_tifiie_interval apd jth max_
varigtion, if lower_bound[ k ][ j ] is greater than zero, then contrast efilancement is pgrformed as
follows: All RGB components of reconstructed frames that are less than.or equal to lower_bound[ k ]
[j] are set to zero and all RGB components that are greater than or,equal to upper_bound[ k][ j ] are
satufated to Pg. The RGB components in the range (lower_boundf{X ][ j ], upper_bound[ |k ][ j ]) are
mapped linearly onto the range (0, Pg).

rgb_tfomponent_for_infinite_psnr[ k ][ j ] indicates for the kt\constant_backlight_voltage_tine_interval
and Jth max_variation, the largest RGB component in the réconstructed frames. Thereford, the scaled
franes Fg..jedrramesl K 1[ j 1[ O ] are identical to thefréconstructed frames. The rgb_component_for_
infinfite_psnr[ k][j] defines a no-quality-loss operating point (NQLOP) and consequently Fy_| k]
[ 1[0 ] have a PSNR of infinity relative to the reconstructed frames.

ledFrames[

max|rgb_component[ k ][ j ][ i ] indicatesfor the kth constant_backlight_voltage_time_finterval, jth
max|variation and ith quality level, the maxithum RGB component that is retained in the frgmes, where
1 <=|i <= num_quality_levels.

Notd that max_rgb_component[ k }[§][ O ] = rgb_component_for_infinite_psnr[ k][ j].

scalg¢d_psnr_rgb[ k ][ j ][ i ] indicates the PSNR of Fq . joqrramesl K ][] 1[ 1] relative to the regonstructed
franfes. Fg.aiedrramesl K 1L j\JP1 ] are for the k'™ constant_backlight_voltage_time_intervl, j™» max_
varigtion and ith qualitywlevel, the frames obtained from the reconstructed frames by saturating to
max|rgb_component[ k][] ][ i] all RGB components that are greater than max_rgb_compopnent[ k ][ j ]
[1] where 0 <= i <znum_quality_levels.

scal¢d_psnr_rgh[\K ][ j ][ 1] is set equal to the PSNR value vpgyp, defined as follows for 0 g i <= num_
qualjty_levels:

2
( PS *w*h* Ncolour * Nframeq )W) (7-1)

Nframes Neolour Py * 2
t n=1 20:1 I:XS+1NC'H(I) (I_XS)

where

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

— N

colour

is 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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— N, (1) is the number of RGB components samples that are set to [ in the nth frame of col-

0]

ur-channel c in reconstructed frames.

— X ismax_rgb_component[ K][j][i].

Note that scaled_psnr_rgb[ k][j ][ 0] is associated with the NQLOP. It is not transmitted but understood
to be mathematically infinite.

8 Energy-efficient media selection

8.1 Geni‘al
The green npetadata specified in this clause can enable a client in an adaptive streaming sessipn, su

DASH, to de
and to selec

Two types g

— decode
represe

— display
Segmer

on the maximal backlight change between two successive frames and with no practical restri

on the
the met
that co
success

8.2 Synt3
The decode

described in Table 16.

fermine decoder and display power-saving characteristics of available video representa
t the representation with the optimal quality for a given power-saving.

f green metadata are defined as follows:

-power indication metadata gives the potential decoder power-saving of each avai
ntation of a video Segment (as defined in ISO/IEC 23009-1:2022,371.40);

power indication metadata gives the maximum potential-display power saving of a V
t for a specified number of quality levels. This metadataisscomputed without any const

th as
ions

able

ideo
raint
rtion

minimum time interval between backlight updates{Therefore, using the semantics of 7.4,

adata is produced with the assumptions that maxwariation is mathematically infinite
hstant_backlight_voltage_time_interval is lessithan or equal to the interval between
ive frames.

L X

F-power indication metadata is apair of decoder operations reduction ratios. The synt

Table 16 =~ syntax for decoder-power indication

Descriptor
dep_ops_reduction ratio from max u(8)
def ops_reduction’ ratio_from prev s(16)

The displayj

described in Table 1%

-power indication metadata contains a list of ms_num_quality_levels pairs. The synt

Table 17 — syntax for display-power indication

and
two

ax is

nx is

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)
}

8.3 Signalling

Green 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

dec_ops_reduction_ratio_from_max(i) indicates the percentage by which decoding operations are

s £l :th
et T —Ttne T

he current

red
vide
follo

N

max
repr

NDec
curr

dec_
redu
ina

decd
deriy

If th|
prey

8.4.2

d

lClJl cocutatiuu LUllllJal Cd tU thC lllUDt dCllldlldills lClJl cocutatiuu Uf
b Segment. dec_ops_reduction_ratio_from_max(i) is set equal to d
vS:

opsReducRatioFromMax(l

NMaxNumDecOps - NDecOps (1)

1 (i)=Floor *100

opsReducRatioFromMax N
MaxNumDecOps

NumDecops 1S the estimated number of decoding operations required for the most
bsentation of the current video Segment.

hps(1) is the estimated number of decoding operations required for the ith represent
ent video Segment.

bps_reduction_ratio_from_prev(i) indicates the percentage by which decoding ope
ced in the current video Segment compared to the pfevious video Segment for the ith rep
biven Period (as defined in ISO/IEC 23009-1:2022;.3.1.34). A negative value means an
ding operations. dec_ops_reduction_ratio_from:_prev(i) is set equal to dy cpeducral
red as follows:

NPrevDecOps (1) & NDecOps (1)
NDecOps (1)

e current video Segment is the first Segment of a Period, then dec_ops_reduction_
(i) is set equal to 0.

(i)=Floor *100

opsReducRatioFromPrev

pecops () is the estimatédnumber of decoding operations required for the ith represen
ious video Segment in‘a given Period. If the current video Segment is the first Segment

NPrevDecOps(i) = NDecOps(i)'

Display:pewer indication metadata semantics

ms_mum_quality_levels indicates the number of quality levels that are enabled by the metad

ms_1
vide

gb. eomponent_for_infinite_psnr indicates the average, over the N reconstructed fr

derived as

(8-1)
demanding
ation of the

rations are
resentation
increase in

ioFromPrev(i)

(8-2)
ratio_from_

ation of the
of a Period,

ata.

hmes of the

b 'Segment, 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 average,
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.

© ISO/IEC 2023 - All rights reserved 41


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

ISO/IEC 23001-11:2023(E)

9 Metrics for quality recovery after low-power encoding

9.1 Gene

ral

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
Segment to enhance the quahty of the low- quahty Segment and thereby, amehorate any negatlve visual

impact. Anne

the low-qua
9.2 Synts

9.2.1 AV(

For AVC angl HEVC bitstreams, the encoder embeds the metadata message in ‘the last picture of

Segment us

lity Segments.
)X

and HEVC syntax

ng the syntax of Table 18.

Table 18 — syntax for quality metrics for AVC and HEVC

Descriptor
xsd_metric_type u{8)
xsd_metric_value wl16)

atity of

each

r the

9.2.2 VV( syntax
For VVC bifstreams, the encoder embeds the metadata message in the associated picture using
syntax of Tdble 19.
Table 19 — syntax for quality metrics for VVC
Descriptor

xsd_subpic_number\minusl u(le)

xsd_subpic_id[%i ] u(le)

xsd_metric_number minusl[ i ] u(8)

xsd metric.type[ i ][ j 1 u(8)

xsd metric value[ i ][ J ] u(le)
9.3 Signalling
SEI messaggsiean be used to signal green metadata in an AVC, HEVC or VVC bitstream. The

reen

metadata SEI message payload type for AVC is specified in ISO/IEC 14496-10. The green metadata SEI
message payload type for HEVC is specified in International Standard ISO/IEC 23008-2. The green
metadata SEI message payload type for VVC is specified in International 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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Semantics

9.4.1 AVCand HEVC Semantics

xsd_metric_type indicates the type of the objective quality metric as shown in the Table 20. PSNR, 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
xsd_metric_value contains the metric value of the last picture of the Segment. When xsd_

is 0,
valu

9.4.7
xsd_
spec
Max

xsd_

xsd_
withi

xsd_

then the stored 16-bit unsigned integer xsd_metric_value, is interpreted ‘as a floating
 (in dB) as follows, with m set equal to xsd_metric_value:

g =
PSNR =700

VVC Semantics

subpic_number_minus1 plus 1 indicates the number of subpictures associated with
ified in the SEI message. The value of xsd_subpics_humber_minus1[ i ] shall be in the 1
blicesPerAu - 1, inclusive, where MaxSlicesPerAuds defined in ISO/IEC 23090-3.

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

metric_number_minus1[ i ] plus 1 indicates the number of objective quality metrics
the ith subpicture.

metric_type[ i ][ j ] indicates the type of the jth objective quality metric associatg

ith syibpicture as shown in Table, 2. PSNR, wPSNR, WS-PSNR and SSIM are the only typg

supg

orted. Definitions of PSNR{wWPSNR, WS-PSNR and SSIM are provided in Annex D.

Table 21 — specification of xsd_metric_type for VVC

metric_type
point Vpgng

(9.1)

the metrics

ange of 0 to

associated

bd with the
s currently

Value Description
0x00 PSNR

0x01 SSIM

0x02 wPSNR
0x03 WS-PSNR
0x04-0xEE User-defined

xsd_metric_value[ i ][ j ] contains the value of the jth objective quality metric associated with the ith
subpicture. When xsd_subpic_number_minus1 is equal to 0, xsd_metric_value[ 0 ][ j ] contains the value

objective quality metric of the associated picture.
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When xsd_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]:

m
Vpsnr =700 (92)

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 ][] ]:

m
100

Vssim =

When xsd_inetric_type[ i ] is 2, then the stored 16-bit unsigned integer xsd_metric_value[\D ][ j[ ], is
interpreted|as a floating-point V,,psyg value (in dB) as follows, with m set equal to xsd_metric_valye[ i ]

[

YwpsNR[Z 700 (94

When xsd_netric_type[ i ] is 3, then the stored 16-bit unsigned integéx xsd_metric_value[ i J[ j ],
is interpreted as a floating-point Vyyg psyr Value (in dB) as follows, with m set equal to xsd_mstric_
value[i][j ]

Vws-psNR =7~ (9.5)

10 Conformance and reference software

Conformange and reference software for green metadata shall be used as specified in Annex C.
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Supplemental Enhancement Information (SEI) syntax

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

units ‘fb
This|clause describes the payload syntax and semantics if payloadType 56 appears ﬁ&n AYC NAL unit
with{ nal_unit_type set to 6. ,\'\
'\/
A1l Syntax Q
o
gr¢en metadata (payload size) { ~ ' l/’ Descyiptor
green metadata_ type </>J u(8)
. \\4¢
syitch (green metadata type) { (‘\\
N
case 0: %
rd
period_type (@) u(8)
if ( period type = = 2 ) || ( period typ(§< 7
num_seconds R QV u(le)
N\
J &\\‘}
else if ( period type = = 3 ) | ’(\@eriod_type ==8) {
num_pictures \\\‘ u(le)
) oY
3@
if ( period type = = 8 ) A
\V
temporal map u(8)
g)\
for ( t=0; t<8; ,4&\
if ( (temparé‘i) map>>t) %2 = = 1)
num@ures in_temporal layers|[ t ] u(le)
} U
i ,\®
if mg iod type<= 3) {
,.@rtlon_non_zero_BxB_blocks u(8)
‘(/Ejportion_intra _predicted _macroblocks u(8)
Pnr‘l‘i nn_ﬁ'i x_fap_f"i lteri ngs 1 (R)
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) {
num_layers minusl u(lo)
for (1=0; 1<= num lavers minusl; 1++ ) {
picture_parameter_set_id[ 1 ] (8) n(b
priority id[ 1 ] 6 QY
dependency id[ 1 ] u (3) ,V
quality id[ 1 ] u (-
temporal id[ 1 ] R RED
portion_non_zero 8x8 blocks[ 1 ] AO.’\) u(8)
portion_intra predicted macroblocks[ 1 ] ~ ' l/' u(8)
portion_six tap_ filterings[ 1 ] R >J u(8)
portion_alpha point_deblocking instances[ 1 ] ('\\v u(8)
"4
J ) \%
} &
brdak; <\\j<
case J: ‘\Q
xsd metric_ type &0,\\ u(8)
xsd metric value @ N u(le)
S
brdak; \\,
. N\
defaullt: :\Q
) ~-
Ve
} N-

A.1.2 Semantics

green_meta
metadata_t
then metad
metadata_t

A.2 Synt

data_type speci
pe is 0, then

:

units

A\

@%ﬁplexity metrics are present. Otherwise, if green_metadata_type
ality recovery after low-power encoding is present. Other values of g7

hta enablin
pe are rc) ed for future use by ISO/IEC.

@ semantics of green metadata SEI message carried in HEVC NAL

e type of metadata that is present in the SEI message. If g1

een_
is 1,
een_

This clause describes the payload syntax and semantics if payloadType 56 appears in an HEVC NAL unit

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)
46 © ISO/IEC 2023 - All rights reserved
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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 zern blocks area 1= 0 )
portion_8x8 blocks_in non_zero_area u
portion_16x16_blocks_in non_zero_area (-‘Qg)
portion_32x32 blocks_in_non_zero_area R N Ju(8)
N\
} N’
portion_intra predicted blocks_area (\Q ) u(8)
if ( portion intra predicted blocks area = = 255) { q(bv
portion_planar blocks_in_intra_ area P C) v u(8)
portion_dc blocks_in_intra area \(O u(8)
portion_angular hv blocks_in_intra area rO\ u(8)
e
) k\\
else { ye O
portion_blocks_a c d n filterings AO\ u(8)
portion_blocks_h b_filterings . < u(8)
portion blocks_f_i_k_q_filterings)" u(8)
portion_blocks_j filterings \AQ) u(8)
portion_blocks e g _p_r_fil}'\e’&;xgs u(8)
\ ¥
! I\‘Q
portion_deblocking_instgn s u(8)
O
) ’ g\,"‘\
else 1f( periodﬁtyy_e\\ =4 ) {
max_num_slices_.t}lles_minus1 u(le)
for ( t=0;,_L\@ha'x_num_slices_tiles_minusl; t++ ) |
first_otb-in slice or_tile[ t ] u(16)
porf‘i\w:?lon_zero_blocks_area[ t ] u(8)
f{@grtioninonizeroiblocksiarea[ t ] !'= 0) {
A\{aortion_8x8_blocks_in_non_zero_area[ t ] u(8)
/'C)\ portion_16x16_blocks_in non_zero_area[ t ] u(8)
\‘</ portion 32x32 blocks in non zero areal t ] u(8)
}
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;
case 1:
xsd_metric type u(8)
xsd_lmetric_value u(lo) n(b
bredk; (\Q v
defaullt: R '\ 4
} N’ -
) o
|9

A.2.2 Semantics

green_meta
metadata_t
then metad
metadata_t

hpe are reserved for future use by ISO/IEC.

data_type specifies the type of metadata that is presen@x\%e SEI message. If green_
fpe is 0, then complexity metrics are present. Otherv@,
hta enabling quality recovery after low-power encodirlgl

C)‘l/

if green_metadata_type [is 1,
present. Other values of grleen_

@)
D

A.3 Syntax and semantics of green metadata message carried in VVC NAL
units ©
7
This clause|describes the payload syntax and se§%?ics if payloadType 56 appears in a VVC NAL{unit
with nal_unfit_type set to PREFIX_SEI_NUT. %)
K\
A.3.1 Syntax xO
N~
green metgdata( payload size ) r&\\\) Descriptor
green_mgtadata_type S u(8)
switch greenimetadatak\®e') {
case 0 (')\)
peridd_type @’v u(4)
grany larity_;&e\ u(3)
exter ded_r@'ésentation_flag u(l)
if ([perfoll type - = 2 ) ¢
num_ﬁéonds u(le)
}
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 ) {

48
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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 blocks_area u(8)
portion_bdof blocks_area u(8)
} ‘,\03
portion_sao_instances u vV
) 2
) N
else if( granularity type <= 3 ) { (\Q\
max_num_segments_minusl n(bv u(le)
for ( t=0; t<= max num segments minusl; t++ ) { /C) v
segment_address[ t ] NN u(le)
portion_non_zero blocks_area[ t ] rO\ u(8)
portion_non_zero_transform coeff icients_areeﬁ? 1 u(8)
portion_intra predicted blocks_area[ t ]/ O\ u(8)
portion_deblocking instances[ t ] (§( u(8)
portion_alf filtered blocks[ t ] <7 u(8)
if | extendedirepresentationiflaq(\?}\{
N
if ( portioninonizeroiblock\sﬂgea[ t ] != 0) {
portion non_zero 4 8 16 rp&éks_area[ t ] u(8)
portion_non_zero_32_6jz}§i8_blocks_area[ t ] u(8)
potion_non_zero_25’§:§12_1024_blocks_area[ t ] u(8)
portion_non_zex:q_’ﬁ’48_4096_blocks_area[ t ] u(8)
} ‘\*}C\){~
if | portion._gn’tra_predicted_blocks_area[ t ] < 255 ) {
portior@i_’predicted_blocks_area[ t ] u(8)
port/i@))dof_block_area[ t ] u(8)
} ~\V
p@lxon_sao_filtered_blocks[ t ] u(8)
Q\
<
Z,
N
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_metadata_type specifies the type of metadata that is present in the SEI message. If green_

metadata_t peist; then LUlll})}t‘)&ity mretrics—are present: Otherwise,—if 1248 ccu_luctdddtd_typc is 1,
then metadpta enabling quality recovery after low-power encoding is present. Other values of grleen_

metadata_type are reserved for future use by ISO/IEC.

50
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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.I1 General

Code
oper
dyna
The

indid
voltd
cons
rece

B.1.

6.2.4

mac
com
port
a be
and

6.2.4

filtel
filtel
d, e,
sam|]

6.2.4
ks_area, portioh_non_zero_32_64_128_blocks_area, portion_non_zero_256_512_1024_blocks_area,

bloc
port
intrd
port

¢ Dynamic Voltage Frequency Scaling (C-DVFS) uses the DVFS technique tq Seale the
ating frequency of the CPU to achieve power savings while decoding a bitstream. T
mic power consumption of a CMOS circuit increases monotonically withthe operatin
power-optimization module at the receiver extracts the complexitymietrics (CMs) m¢
ates picture-decoding complexity. It uses these CMs to determine apd set the optimuy
ge and frequency of the CPU so that video pictures are correctly decoded with min
umption. By embedding these CMs as metadata into the bitsti'eam at the encoder, C-D)
vers achieve power reduction.

2 Derivation of the complexity metrics

specifies CMs associated to AVC: portion-non_zero_8x8_blocks, portion_intra
roblocks, portion_six_tap_filterings and . portion_alpha_point_deblocking_insta
on_six_tap_filterings and portion_alpha_point_deblocking_instances is more involved
ter understanding of these two CMs, thie'next two subclauses describe how N .. nums
VmaxAlphaPointDbfsPic(l) are derived.

ings, portion_blocks_f i_k_q filterings, portion_blocks_j_filterings and portion_bloc

ings. To provide a better understanding of these five CMs, the different sub-sample po
f, g, h,i,j, k n, p, qand yare represented in Figure B.1, where upper-case letters repre
bles and lower-case letters represent sub-sample positions derived.

specifies CMs (associated to VVC: portion_non_zero_blocks_area, portion_non_z
on_non_zere,2048_4096_blocks_area, portion_non_zero_transform_coefficients_are

on_deblecking_instances, portion_sao_filtered_blocks, portion_alf_filtered_blocks.

voltage and
ypically the
b frequency.
rtadata that
n operating
imal power
/FS enabled

_predicted_
nces. The

putation of the first two CMs, as explained,iny6.2.4, is straightforward. However, computation of

To provide
ixTapFiltPic (1)

blocks_h_b_
ks_e_g p_r_
sition a, b, ¢,
sent integer

pro_4_8_16_

A, portion_

_predicted_blocks_area, portion_bi_and_gpm_predicted_blocks_area, portion_bdof blocks_area,

B.1.

! . i .
:1</Deriving the worst-case, largest value for N, NumsixTapFiltpic(i)

To determine N,

moti

rilepic(i), the following terms, as defined in ISO/IEC 14496-10, are

b

ng_umSixTa
on vector, PicSizeInM

referenced:

s, 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 he|ig | e | ke ee ffi
nG pG qG rG

K L M N P Q
R S A% A
T U X Y

Figure B.1|— Quarter-sample interpolation of the 4x4-block consisting of samples G, H, 1, ], M, N,
P,QRS VWTUXY

a) Ifthe M[W\points to b, then to interpolate b, the decoder shall apply 1 STFto E, F, G, H, [, ] which are
already available as integer samples. So 16 STFs are needed to compute Dby, ..., 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 c

1:2023(E)

omputation

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 cg, 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.

f) |f the MV points to d;, then to interpolate dg, the decoder needs 1 STF to get h_(frpm (b)) and
herefore 16 STFs to compute d;, ..., dy for the 4x4 block.

g) |f the MV points to ng, then to interpolate ng, the decoder needs 1 STF to get-h; (frpm (b)) and
herefore 16 STFs to compute ng, ..., ny for the 4x4 block.

h) [f the MV points to f;;, then to interpolate f;, the decoder needs 7 STFs foyget j; (from (c)). Note that
D; s included in these 7 STFs. Therefore, from (c), 52 STFs are required to compute f¢|... fy for the
x4 block.

i) |f the MV points to ig, then to interpolate i, the decoder negds 7 STFs to get j;. Note that hg is
romputed by one of these 7 STFs. Therefore, 52 STFs arecequired to compute ig, ... iy for the 4x4
block. For this analysis, the row jg, jy, j;, j; is computed £irst (to obtain hg) and then this process is
repeated for the other 3 rows (MNPQ, RSVW, TUXY ) in the 4x4 block. Previously, in|(c), column
GMRT was analysed first and the analysis was thenfepeated for the other 3 columns (HNSU, IPVX,
QWY).

j)  |f the MV points to kg, then to interpolate kg, the decoder needs 7 STFs to get j;. Note that mg is
romputed by one of these 7 STFs. Therefore, 52 STFs are required to compute kg, ... ky for the 4x4
block.

k) [f the MV points to q, then to intefpolate q;, the decoder needs 7 STFs to get j.. Nofe that s is
romputed by one of these 7 STFEs. Therefore, 52 STFs are required to compute (g, ... qy for the 4x4
block.

1) |f the MV points to eg, then to interpolate e, the decoder needs 2 STFs to get b and Iy (from (a),
[b)). Therefore 32 STFs are needed to compute eg, .., ey for the 4x4 block.

m) |[fthe MV points t0 g, then to interpolate g, the decoder needs 2 STFs to get b; and myj. Therefore,
B2 STFs are neeéded to compute g, ..., gy for the 4x4 block.

n) |[fthe MV péints to pg, then to interpolate pg, the decoder needs 2 STFs to get h; and s. Therefore,
B2 STFsare needed to compute py;, ..., py for the 4x4 block.

o) |fthe-MV points to r, then to interpolate r, the decoder needs 2 STFs to get m; and (. Therefore,
B2STFs are needed to compute rg, ..., 'y for the 4x4 block.

From (a),...,(n), the worst-case, largest number of STFs is 52, when the MV points to j, f;, ig, kg 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,

MaxNumSixTapFiltPic (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

(1)

(B-1)
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B.1.2.2 Deriving the worst-case, largest value for Ny, ajphapointpbtspic(i)

To determine N,y aiphapointpbfspic(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 IV
refers to the column of samples 4, 20, ... 244 and row xiii refers to the row of samples 193, 194, ..., 208.
edges are indicated by an ordered pair that specifies the columns or rows on either side of the edge.

For exampl¢, edge (1V, V] Tefers to the verticat edge between columns 1V and v. Simitarty, edge (xif
indicates the horizontal edge between rows xii and xiii. Note that the leftmost vertical edge-an(
topmost hotizontal edge are denoted by (0, I) and (0, i) respectively.

The maximfim number of APDIs occurs when the 4x4 transform is used on each block and a single .

occurs in ey
withi=0..3

For the magq
first. Then {
(0, I) is filtqg
17, ... 241 W
edge (1V, V)
(36, 37), ...
edge filterir
example, ha
(113, 129),
produces 13

Next, consider the two chroma blocks corresponding to the luma block in the macroblock. The w

case numbe

ery set of eight samples across a 4x4 block horizontal or vertical edge dendted as p; a
as shown in Figure 8-11 of ISO/IEC 14496-10.

roblock in Figure B.2, the vertical edges (0, I), (IV, V), (VII], IX) andAXII, XIII) are filt
he horizontal edges (0,i), (iv, v), (viii, ix) and (xii, xiii) are filteced-Now, when vertical

xiii)
| the

\PDI
nd q;

ered
edge

red, in the worst-case, an APDI occurs on each row of the edge’because the q, samples 1,

ill all be APDIs. Therefore, 16 APDIs occur in vertical edge-(0, I). Similarly, when ver
is filtered, there are also 16 APDIs corresponding to the\16 (p,, q,) sample pairs (20
(244, 245). Thus, there are 16*4 = 64 APDIs from vertical-edge filtering. After horizo
g, there are an additional 64 APDIs because each horizontal edge contributes 16 APDIs
rizontal edge (viii, ix) contributes the 16 APDIs/sorresponding to the (p,, q,) sample }
114, 130), ..., (128, 144). Hence, in the worst-case, deblocking the luma block in a macrol
8 APDIs.

I of APDIs is determined by the chroma sampling relative to the luma sampling.

tical
21),
ntal-
. For
bairs
lock

orst-
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Figy

b)

‘)

I II |HII (IV [V | VI [VII|VII|IX (X |XI [XII|XII| XIV|XV | XVI
i 1 2 3 4 5 6 7 8 9 10 |11 |12 (13 (14 |15 |16
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
\% 65 |66 [67 (68 |69 |70 |71 |72 |73 (74 |75 |76 |77 |78 |79 |80
vi |81 84 [85 88 [89 92 193
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 Y721173
xii | 177178179180 (181 (182 | 183|184 |185|186,187 (188 [ 189|190|191 |192
Xiii | 193] 194195196 |197 [ 198 199|200 | 201 |202 [203 | 204| 205 [ 206 | 207 | 208
xiv | 209 212|213 216217 220221
xv | 225 2281229 232 (233 236237
xvi | 241 244 1245 2481249 2521253 256

lower-case roman numerals reference rows of samples

Ire B.2 — 16x16 luma block. Upper-case roman numerals reference columns of sg

For each chroma block im4:2:0 format, two vertical edges and two horizontal edges
Fach edge contributes8 APDIs, in the worst-case. So, 8*4*2 = 64 APDIs are produced by
Heblocking of the two chroma blocks.

For 4:2:2 format) two vertical edges and four horizontal edges are filtered. Each v
contributes, 16 APDIs and each horizontal edge contributes 8 APDIs. So, 2*(2*16 + 4*8)
hre produced 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 @
uiia block. Therefore, 256 APDIs are produced by worst-case deblocking of the two chr

mples and

hre filtered.
worst-case

brtical edge
=128 APDIs

f the 16x16
oma blocks.

d) Finally, for separate colour planes, the worst-case analysis of a 16x16 block is identical to that of
16x16 luma 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)
= PicSizelInMbs * (128 + 128)
= PicSizeInMbs * (128 + 2506)

= 128 * PicSizelInMbs,

© ISO/IEC 2023 - All rights reserved

= 192 * PicSizeInMbs,
= 256 * PicSizeInMbs,
= 384 * PicSizeInMbs,

for a single colour plane.

for 4:2:0,
for 4:2:2,
for 4:4:4,

(B-2)
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B.1.3 Example usage of C-DVFS metadata

C-DVFS 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
determination and decoding under DVFS control. As an example, assume that the upcoming period
is a single picture. Then, the SEI message is parsed to obtain portion_non_zero_8x8_blocks, portion_
intra_predicted_macroblocks, portion_six_tap_filterings and portion_num_alpha_point_deblocking_
instances. from these portion values and the corresponding worst-case instances the four CMs are
derived: nym_non_zero_8x8_blocks (n,,), num_intra_predicted_macroblocks (n;,..,), num!$ix]tap_
filterings (n;,), and num_alpha_point_deblocking_instances (n,). Once the complexity parameters are
derived, the total picture complexity (Cy;.) is estimated or predicted according to Formula.B-3:

A

— * * * * * *
Cpict = init " "MB +kbit Nyt +knz Npy +kintra Nintra +ksix Ngix +ko< n,. B'3)

where C;. s the total picture complexity. The total number of macroblocksperpicture (1) angl the
number of Bits per picture (n,;) can be easily obtained after de-packetizing the encapsulated pagkets
and parsing the sequence parameter set. Constants k;,;., Kpiv Knz Kintras Kl and K are unit-complexity
constants fpr performing macroblock initialization (including parsed-data filling and prefetchiing),
single-bit parsing, non-zero block transform and quantization, intra-block prediction, inter-block six-
tap filtering, and deblocking alpha-points filtering, respectively. Note that k,,, k; and kg;, are fixed
constants f

nz’ “‘intra’
br a typical platform, while k; ;. , kp;; » and k, canbe accurately estimated using a linear
predictor frjom a previous decoded picture.

rlock
t the

Once the picture complexity is determined, the decoderyapplies DVFS to determine a suitable

frequency 3
appropriate

The DVFS-¢
picture-by-}
underlying
scene, or tir
a picture-le
at 33 ms for
to a picture
complexity
type. This c

In a hardw4

control a sipgle cloekfrequency in a DVFS scheme, the ASIC can be designed so that it includes sej

distinct clo
reduction c

nd supply voltage for the decoder. Then,the decoder can decode the video picture a
clock frequency and supply voltage.

nabling SEI message can be inserted into the bitstream on a slice-by-slice, layer-by-I
bicture, scene-by-scene, or even time-interval-by-time-interval basis, depending on
npplication. Therefore, the SElmessage can be inserted once at the start of each pic
he interval. A scene-interval,or time-interval inserted message requires less overhead

30Hz video playback),setting period_type to an interval is preferable to setting period _

Once all complexity:metrics are obtained from the SEI message, the decoder estimate
for the next slicejlayer, picture, group of pictures, or time interval as indicated by pel
bmplexity is then' used to adjust the voltage and frequency for the upcoming period.

re (ASICG)implementation, instead of deriving decoding complexity and using it direct

'k domains, each of which corresponds to one of the terms in Formula B-3. Greater p

hi\be obtained by using such a flexible ASIC with distinct clock domains. For example¢

ayer,
the
fure,
than

Vel inserted message. Faf processors that do not support high-frequency DVFS (e.g. adapting

type
5 the
fiod_

ly to
reral
bwer
P, SiX

clock domai

Simthe ASTCTcam controt the foltowing SiXSections of the ASTCTmacrobtock initiatizatio

, bit

parsing, 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 frequencies that are respectively proportional to the following terms: k; ;. * nyp, kpic * Npio kny ™
Ny Kinera ™1 k and k, * n,.

1

. . . *n.
nz’ Nintra  "intrar fsix  Msix

56 © ISO/IEC 2023 - All rights reserved


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

ISO/IEC 23001-11:2023(E)
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Figure B.3 — Example of parsing, complexity predictien, and DVFS contro

B.2| Display adaptation

B.Z.[l General
a

Display adaptation (DA) achieves power savings by:scaling up the RGB components in the refonstructed
frames while reducing the backlight or voltage proportionally. The decreased backlight or voltage
reduces display power consumption while still-producing the same perceived display. The metadata in
7.2.1l 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 ISO/IEC 13818-1.

B.2.p Example usage of display-adaptation metadata

The |metadata scaled_psnr_rgh["i ] indicates the PSNR for the ith quality level. At the fransmitter,
recopstructed frames are available within the encoder and Fg,oqrrames| 1 ] IS €stimated by saturating
all RGB components of.reconstructed frames to max_rgb_component[ i |. The Fg . joqrramhesl 1 ] thus
obtajined are what would be perceived at the display after the receiver scales the RGB components of
recopstructed frames by (Pg / max_rgb_component] i ]), Ps being the peak signal and then applies the
bacKlight scaling-factor, b = (max_rgb_component[ i ] / Pg) to the LCD backlight. scaled_gsnr_rgb[ i ]
is cdmputed atthe transmitter using Pg and by assuming that the noise is the difference between
Fscalbdrrameshi] and reconstructed frames accumulated over R, G and B components, as explained in 7.4.

The eceiver examines the (num_ quality_levels +1) pairs of metadata and selects the paif (max_rgb_
com acceptable

electe
quality level. Then the receiver derives DA scaling factors from max_rgb_ component[ Iselected])- Finally,

the display scales the RGB components of reconstructed frames by P / max_rgb_component[ig.joctedl
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 lowest quality level associated with the backlight scaling
factor b = und.

:max rgb component[num quality levels] / P¢) the receiver first examines lower bo
If it is greafter than zero, then contrast enhancement metadata is available and the receivenstores

upper_boun|
scaling fact
reconstruct

S(x)

bound

),

P

Observe thd
applying th
is perceiveq
(lower_boul
bound - low
constant. Fg
is lost becat

From the py

and upper_bpound so that the majority of RGB components lie within the interval (lower_bound, uy

bound). The
at the trang
as b = max|
get_contras

// Given R

// C(x), the function get comtrast metadata() returns lower bound and upper bound.
[lower bound, upper boundl $wget contrast metadata(C(x)) {
// C(x): Chmulative distribution function of RGB components of reconstructed frames.
max_ enhahcement = 0;
for (lowgr bound =<0%\‘lower bound < Pg; lower bound++) {
for ((upper bolihd = lower bound; upper bound < Pg; upper bound++) {
enhancemefnt) = (C(upper bound) - C(lower bound)) / (upper bound - lower bound)
if| (enhantement > max enhancement) {

d. The presentation subsystem performs contrast enhancement by setting the-bhack
br to b = (max_rgb_component[num_quality_levels] / Pg), and for each RGB component,
ed frames, the scaling to S(x) is performed using the following pseudo-code:

for x in
for x in

[0, lowerckound],

(xflower_bound)/(upper_boundflower_bound) (lower bounhd, upper

for x in [upper“bound, PS]

it the interval (lower_bound, upper_bound) is mapped to the interval (0, Pg). Then,
e backlight scaling factor, b, to the display, the interval (lower_bound, upper_bo
| visually as the interval (0, b * Pg). Therefore, for RGB components within the intg
nd, upper_bound), the perceived contrast enhancement’is proportional to ( b * Pg / (uf
er_bound) ). This expression simplifies to b / (upper_bound - lower_bound), because P|
r RGB components within the intervals [0, lower<bound] and [upper_bound, Pg], all con
se these intervals are mapped to 0 and Pg, respectively.

eceding observation, it is clear that the eontrast is maximized by determining lower_b

refore, the optimal contrast-enhancement metadata is computed by the following pro
mitter. First, determine the Vg, 3diohtscalineFactor COrTesponding to the lowest quality
rgb_component[num_quality_levelsﬁ / Ps. %‘hen, invoke the following pseudocode fun
t_metadata() to determine lower_bound and upper_bound.

FB components, x, of weconstructed frames with cumulative distribution funct

enhancement;
lower bound;

hax lenflancement
best, lower bound

light
X, of

hfter
und)
brval
per_
L isa
trast

bund
per_
cess,
level
rtion

ion,

of ieeoar bonind — ieeor bhonind .
7

}
}
}

return

}

—orr g

(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
// frameNum: current frame number

cur = Vector[frameNum]

PrE = =CctoT [fJ_cuucNu.ul l]

if] Abs ((cur - prev) / prev) > Threshold { // Check whether the metadata variat]ion
between

// successive frames exceeds the-“thrleshold.
if (cur < prev) { // if the current frame’s metadata are lower than lkhe prevlious
frame’s

// metadata, then increase the current frame’s!métadata sq that it
// reaches the acceptable threshold.
Vector [frameNum] = prev * (1 - Threshold)
} else { // increase the previous frame’s metadata so that 4t reaches the adceptable
// threshold. Then adjust the metadata for all preceding frames.
Vector[frameNum — 1] = cur / (1 + Threshold)
smooth contrast metadata (Vector, frameNum - 1)

}
}

The value of Threshold is display independent and canybe set to 0.015, which corresponds to a 1.5%
metgdata variation between successive frames.

B.2.2.2 Preventing flicker arising from control latency

If DA metadata were unavailable, then to implement DA, the display would have to estimate max_rgb_
component[ i | and immediately adjust¢he backlight (or voltage). This is impossible in mqst practical
implementations because there is a significant latency of D milliseconds between the instapt when the
backlight scaling control is appliediand the instant when the backlight actually changes, in[response to
the qontrol. If D is sufficiently large, then the backlight values are not synchronized with the displayed
frames and flickering is visible. Fortunately, DA metadata eliminates this flickering. Because the
recelver obtains the metadata in advance, the backlight scaling factor can be applied D rhilliseconds
ahead of the video frame with which that scaling factor is associated. Therefore, by transmitting
metddata, the latencylissue is solved and the backlight scaling factor is set appropriately for|each frame.
This|avoids flicker from backlight changes during video display.

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

Besifles éliminating flicker arising from backlight-control latency, DA metadata can also enable DA to be
appljed<to displays in which the backlight (or voltage) cannot be changed frequently. For sjch displays,
once the backlight has been updated it shall retain its value for a time interval that spans the duration
of some number of successive frames. After the time interval has elapsed, the backlight may be updated
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 additionally capable of re-computing the display adaptation metadata to be consistent with the
signalled constant_backlight_voltage_time_interval, then the re-computed metadata can subsequently
be provided 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 control-frequency
limitations,|flicker can also occur due to a large difference between the backlight (ox voltage) settings
(defined as Vg, kiightscalingFactor 1N Z:4) of successive video frames. To avoid suchsflicker, a transmitter
may use thg function adjust_backlight() to adjust the backlight setting of each frame. Specifically, If the
relative badklight variation between a frame and its predecessor is larger than a threshold, then the
backlight vilues of all preceding frames shall be adjusted. This adjustmentis done at the transmfitter
after metadpta has been computed using one of the methods described inj)the preceding subclauses.

For example, for a targeted quality level, the transmitter would estintate max_rgb_component angl the
correspond|ng Vg, kiightscalingFactor fOT €ach of N frames. Given max_variation (normalized to 255}, the
transmitter| applies adjust_backlight() with the specified max:variation threshold computed ag the
floating-point number (max_variation/2048). This function adjusts the vector of Vg, yiightscalingfactor
values for the N frames so that the relative backlight variation between successive frames is less than
max_variatjon. After the backlight values have been adjusted, the DA metadata is modified, if necesfary,
to be consisftent with the adjusted backlight values,

// Given a|video sequence with frameNum ins1,..,N], apply the function recursively
// to all frames by issuing adjust backldght (Backlights,1l,max variation),
/]
// adjust_backlight (Backlights, N, max *zariation)
void adjusf backlight (Backlights, fxameNum, max variation) {
// Backlights: vector of Vg,ckiigntsealingFactor vValues
// frameNuh: current frame numbey
// max varfation: maximum permissible backlight variation between two
// consecutive backlight values

cur = Bagklights[framelNum]

prev = Backlights[frameNum - 1]

if Abs ((fur - prev). JA‘prev) > max variation { // Check whether the backlight
// variation between successive frames exceeds the threshold.
if (cuf < pre¢)y¥ // 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)
} elsel{ increase the nre ziou frame’ h:urﬂ('lw'rjhf o that i1t reache the

// acceptable threshold. Then adjust the backlights for all preceding
// frames.

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
display adaptation metadata to be consistent with the signalled max_variation, then the re-computed
metadata can subsequently be provided to the receiver.

B.3| Energy-efficient media selection in adaptive streaming

B.3. General

This|clause explains how the green metadata for adaptive streaming can be_computed at th¢ server and
how(such metadata can be used at the client.

B.3.2 Green metadata production and transmission at théserver side

Given N video representations, the decoder-power indicatioh” metadata dec_ops_redulction_ratio_
fron_max(i) (DOR-Ratio-Max(i)) and dec_ops_reduction_ratio_from_prev(i) (DOR-Ratio-Prev(i)) are
computed by the encoding system and provided by the server fori=0 to N - 1, as shown in Figure B.4.
The fisplay-power indication metadata is computed from one representation.

computation on
RGB component
histograms (max@gb_component j, scaled_psnr_rgb j),
j=0.num_quality_levels
encoder 0
decoder .
encapsylation,
; decoder segmerjtation
. and MPD
decoding ) generatjon tool
squrce complexity —————p{ oOperations
cqntent estimation —
ducti DOR-ratio i,
reduction |, 4 v _ 4
éncoder N - 1 ratios
decoder
] computation
y
decoding
complexity f————p|
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 MPD through the @associationld and @associationType attributes. A metadata Segmentand its
associated media Segment(s) are time aligned on Segmentboundaries.

The decode
as shown in
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-power indication metadata representation is associated with a single media representation
Figure B.5.
Sk g | i
3| E £ BlE E
i 1
seq_num =1 Iseq_num =N metadata
-'traf'i6 -'traf| 6 | ladaptation Set
[ [ (multiple
I ' representation)
T -
G|E £ 2| E E
t t -
seq_num =1 seq.num = K
-‘traf’ 4 <traf 4
| > e S 0 T ) =l e | »
CHI GHI NI N 28 2 | 2
| 4 |
T T
-‘trak’ 3 seq_num =1 seq_num =N
-‘trak’ 6 -‘traf 3 -‘traf 3 metadata
-‘tref’ track 1 ‘cdsc’ : | adaptation Set
| L
i | (multiple
| | representation)
SRS ¥ S ) I | R i » o] e
| 4 '
T T
‘ -‘trak’ 1 seq_.num=1 seq_num =K -
-trak’ 4 -‘traf’ 1 -‘traf’ 1

Figure B.5 — One metadata representation for one media representation

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="30000/1001"
segmentAlignment="true"

o
L

StartiTtirSEP=
<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" bandwidth="1000000"/>
/AdaptationSet>
!-- English Audio -->
AdaptationSet mimeType="audio/mp4" codecs="mp4a.0x402\ *ang="en" segmentAlignment="0">
<SegmentTemplate timescale="48000" media="audio/en¥S$Time$.mpda">
<SegmentTimeline>
<S t="0" d="96000" r="432"/>
</SegmentTimeline>
</SegmentTemplate>
<Representation id="a0" bandwidth="64000") %>
/AdaptationSet>
!-— French Audio -->
AdaptationSet mimeType="audio/mp4" codecs="mp4a.0x40" lang="fr" segmentAlignment="0">
<SegmentTemplate timescale="48000\wedia="audio/fr/$Time$.mpda">
<SegmentTimeline>
<S t="0" d="96000" r="432"/L>
</SegmentTimeline>
</SegmentTemplate>
<Representation id="al0" bkardwidth="64000" />
/AdaptationSet>
<!--PAdaptationSet carrying\Green Video Information for Video -->
AdaptationSet id="greén video" codecs="depi"/>
<BaseURL>video gréen depi/</BaseURL>
<SegmentTemplate\‘timescale="90000" media="$id$/$Time$.mpdm">
<SegmentTinelTne>
<S t="0" d="180180" r="432"/>
</SegmentTimeline>
</SegmeftTemplate>
<Reprg€sentation id="gv0" bandwidth="1000" associationId="v0"
assolciationType="cdsc" />
<Representation id="gvl" bandwidth="1000" associationId="v1"
assofciationType="cdsc" />
<Representation id="gv2" bandwidth="1000" associationId="v2"
associationType="cdsc"/>
</AdaptationSet>
</Period>

</MPD>

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.
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Figure B.6 — One metaddta representation for all media representations
The followipg XML file provides,ah.example of an MPD for display-power indication metadata:
<?xml versjon="1.0" encoding="UTF-8"7?>
<MPD
xmlns:xsp="http://www w3.0rg/2001/XMLSchema-instance"
xmlns="ufn:mpeqg:DASH: schema :MPD:XXXX"
xsi:schepalocatfon="urn:mpeg:DASH:schema:MPD:xxxx"
type="dyphamic¥
minimumUpdatfeRériod="PT23"
timeShiffBWfferDepth="PT30M"
availabilibyStartTime="2011-12-25T12:30:00"

minBufferTime="PT4S"
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="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">
<SegmentTemplate timescale="48000" media="audio/en/S$Time$.mpda">
<SegmentTimeline>
S L*"U" k)l*"_)UUUU" L*"‘nl:‘)
</SegmentTimeline>
</SegmentTemplate>
<Representation id="al0" bandwidth="64000" />
/AdaptationSet>
!-— French Audio -->
AdaptationSet mimeType="audio/mp4" codecs="mpda.0x40" lang="fr" ’'ségmentAlignment="0">
<SegmentTemplate timescale="48000" media="audio/fr/$Time$.mpda">
<SegmentTimeline>
<S t="0" d="96000" r="432"/>
</SegmentTimeline>
</SegmentTemplate>
<Representation id="al0" bandwidth="64000" />
/AdaptationSet>
-RdapatationSet carrying Green Video Information for.Video -->
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" bandwidsh=™1000" associationId="v0 v1 v2"
associationType="cdsc"/>
/AdaptationSet>
/lPeriod>

PpD>

.B Use of green metadata at the client

The flient (player/decoder) can determine its remaining battery life based on the energy cpnsumption

of t
dur
dur
the

He current representation it is using. If it detects that its battery life is insufficient fllor the total
Iion of the vided content to be consumed (given parameter in the server or requirements of

ion expressed by the user), the terminal can compute the power consumption saving ratio from
durrent repfesentation.

Using the following information, the terminal can determine (for the next Segment) the pest power-

savi11g allocation strategy for the decoder and for the display:

the decoder-power saving ratio of all available video representations in the next Segmentfrom the
current (selected) representation in the previous Segment,

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 what is

the

©IS

appropriate scaling of RGB components for this representation.
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It is observed that the decoder-power saving ratio of all available video representations from the
current 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 first one is the ratio of each representation from the most energy-consuming one at a given
period of time T (dash arrows in Figure B.7),

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

The terminal can convert this list of ratios into a list of ratios from the current representation it was
using in th

nrevicus Seamaent
PrevIoas o reTes

Let us defing the following terms:

— I

refRep

t

in the previous Segment,

— dec_ops

represgntation, received from the server,

RdecOpsI

RgecopshkeducFromrepRef(i) the reduction ratio from representation RefRep i the current Segmert,

he index, in the current Segment, of the representation which was used by the client terminal

_reduction_ratio_from_max(i) the reduction ratio from the most €nergy consupming

educFromPrevRepRef(1) the reductionratio from representatign RefRep in the previous Segment,

It is possiblp to express RjecopsreducFromrepref(l) from dec_ops_reduction_ratio_from_max(i), using the
following formula:

RdecOps

RdecOpsReduc

B 100—dec_ops_reduction _ratio_from_max(i)

*100

educkromRefRep(i) 100—dec_ops_reduttion_ratio_from_max (I emep )

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

RdecOps

=100-

(B-6)

educFromPrevRefRep(i)

100—dec_ops_reduction cratio_from _prev (I emep ))*(100 = RyecopsReducFromRefRep (1

B-5)

FromRepRef(1) are represented by dottediarrows in Figure B.7. It is then possible to express

100

Rgecopsreduckromprevreprefli)-are represented by dash arrows in Figure B.8.

NOTE 1
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F

oating-peiht numbers are used for these computations.
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