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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.
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Any feedback or questions on this document should be directed to the user’s national standards body. A
complete listing of these bodies can be found at www.iso.org/members.html.
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Introduction

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

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

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

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

This metadpta facilitates reduced energy usage during media consumption without any degradtion
in the quality of experience (QoE). However, it is also possible to use this metadata to getlarger enlergy
savings, buf at the expense of some QoE degradation.

vi © ISO/IEC 2019 - All rights reserved
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Information technology — MPEG systems technologies —

Part 11:
Energy-efficient media consumption (green metadata)
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document specifies metadata for energy-efficient decoding, encoding, presentation a
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nd selection

metadata for energy-efficient decoding specifies two sets of information: gomplexity nietrics (CM)

data and decoding operation reduction request (DOR-Req) metadata. Adécoder uses C
\ry operating frequency and thus reduce decoder power consumptioir. In a point-to-
brencing application, the remote encoder uses the DOR-Req metadata to modify tk
blexity of the bitstream and thus reduce local decoder power conswmption.

M metadata
point video
te decoding

metadata for energy-efficient encoding specifies a quality metric that is used by a decodgr to reduce

uality loss from low-power encoding.

metadata for energy-efficient presentation specifies’/RGB-component statistics and qua
bntation subsystem uses this metadata to reducepower by adjusting display paramete
tatistics, to provide a desired quality level from'those provided in the metadata.

metadata for energy-efficient media selection specifies decoder operation reduction 1
ps), RGB-component statistics and quality levels. The client in an adaptive stream

ity levels. A
I's, based on

atios (DOR-
ing session

this metadata to determine decoder and display power-saving characteristics of available video

bsentations and to select the representation with the optimal quality for a given power

Normative references

-saving.

following documents ate) referred to in the text in such a way that some or all of their content

titutes requirements_of this document. For dated references, only the edition cited

applies. For

ted references, thelatest edition of the referenced document (including any amendmeits) applies.

[EC 13818-1,nformation technology — Generic coding of moving pictures and assoq
mation —ABart 1: Systems

[EC 14496-10:—1), Information technology — Coding of audio-visual objects — Part 1
coding

riated audio

0: Advanced

T 22NN 10 I NJIDI" L

1S0/

1 £ V- £ L ] ral £ £ L ] : D £ 10
LG Z2oUUT=1U, TTUTr Mttt teLrirmutuyy WIT OS5 Y SICITIS LECLTITIUTUYITS T Uurt 1u.”Ccu

metadata metrics of media in 1SO base media file format

+ritge of timed

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

ISO/IEC 23009-1:—2), Information technology — Dynamic adaptive streaming over HTTP (DASH) —

Part

1: Media presentation description and segment formats

ISO/IEC/TR 23009-3, Information technology — Dynamic adaptive streaming over HTTP (DASH) —

Part

3: Implementation guidelines

1) Under preparation. Stage at the time of publication: ISO/IEC DIS 14496-10:2018.
2) Under preparation. Stage at the time of publication: ISO/IEC FDIS 23009-1:2019.

© ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=4dca23c07a79ba560097b0851d8bc41d

ISO/IEC 23001-11:2019(E)

3 Terms, definitions, symbols, abbreviated terms and conventions

For the purposes of this document, the terms and definitions given in ISO/IEC 14496-10, ISO/IEC 23008-
2 and ISO/IEC 23009-1 and the following apply.

ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— IEC Electropedia: available at http://www.electropedia.org/

3.1 Ternrsamddefimitions

3.1.1
alpha-poinf deblocking instance
APDI
single filter|ng operation that produces either a single, filtered output p'g or a single, filtered outpult q'o,
where p'p apd q'p are filtered samples across a 4x4 block edge

3.1.2
chroma_format_idc
chroma sanppling relative to the luma sampling

3.1.3
deblocking filtering instance
single filterjng operation that produces either a single, filteredioutput p' or a single, filtered outppt q',
where p' anfl q' are filtered samples across a 8x8 block edge

3.14
decoding process
process thaf reads a bitstream and derives decodedpictures from it

Note 1 to entry: This process is specified in ISO/IEG14496-10 or ISO/IEC 23008-2.

3.1.5
display prqgcess
process thdt takes, as its input, the :¢ropped decoded pictures that are the output of the decdding
process (3.1]4)

3.1.6
encoder
embodimenit of an encoding. process (3.1.7)

3.1.7
encoding pgrocess
process thaf prodiices a bitstream

Note 1 to entryr Tie bitstream produced 15 conforming to 1sO/TEC 14496-10or ISO/TEC 23008-2-

3.1.8

no-quality-loss operating point

NQLOP

metadata-enabled operating point associated with the largest display-power reduction that can be
achieved without any quality loss (infinite PSNR)

3.1.9
non-zero block
block containing at least one non-zero transform coefficient

2 © ISO/IEC 2019 - All rights reserved
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3.1.10
peak signal
maximum permissible RGB component (3.1.16) in a reconstructed frame (3.1.14)

Note 1 to entry: For 8-bit video, the peak signal is 255.

3.1.11
period
interval over which complexity-metrics metadata are applicable

3.1.12
PicSjizelnMbs

product of the picture width and the picture height in units of macroblocks

the specific

t are coded

3.1.18

six-tap filtering

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

3.2 | Symbols’and abbreviated terms

For the putposes of this document, the symbols and abbreviated terms given in the following apply:

APD 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
CPU central processing unit

© ISO/IEC 2019 - All rights reserved 3
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DASH
DOR-Ratio
DOR-Req
DVEFS

Fps

FS

dynamic adaptive streaming over HTTP
decoding operation reduction ratio
decoding operation reduction request
dynamic voltage frequency scaling
frames per second

fresh start

GP
HEVC
Mbps
MPD
MSD
MV
NQLOP
PSNR
QoE
RBLL
RGB
SEI
SP
STF
XSD

3.3 Cony

3.3.1 Ari

good picture

high efficiency video coding — ISO/IEC 23008-2
mega bits per second

media presentation description

mean square difference

motion vector

no-quality-loss operating point

peak signal to noise ratio

quality of experience

remaining battery life level

red, green, blue

supplemental enhancement information
start picture

six-tap filtering

cross-segmentdecoding
entions

Thmetic:operators

Addition

Xy

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

Multiplication

Exponentiation

© ISO/IEC 2019 - All rights reserved
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Division where no truncation or rounding is intended

Division where no truncation or rounding is intended

3.3.2 Mathematical functions

Matllematical functions in this document are defined as follows:

4
This

4.1

Figy|
proc
cont
decd

Jign(x)z{

-x, x<0

x, x=20

%bs(x):{

X, X<256
255, otherwise

Clip(x) :{
loor(x) is the greatest integer less than or equal to x

0g10(x) returns the base-10 logarithm of x

Round(x) = Sign(x) * Floor(Abs(x) + 0.5)

-1, x<0
1, x<0

Functional architecture

clause is informative and:placed here to provide context.

Description of the functional architecture

e 1 shows the(functional architecture utilizing green metadata in this document. The
essor is applied-to analyse and to filter the content source and a video encoder is used t

1:2019(E)

f(i)  Summation of f(i) with i taking all integer values from x up to and including y
X

@)

(2)

(3

(4)

(5)

(6)

media pre-
encode the

bnt to a bitstream for delivery. The bitstream is delivered to the receiver and decoded by a video

der with the output rendered on a presentation subsystem that implements a display p
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The green metadata is extracted from either the media encoder or the media pre-processor. In

cases, the g
metadata is
The bitstrea
the metada
module for
metadata a
when decod
rendering t
as remainin
operations

The normative aspect of this.-document is limited to the green metadata and green feedbac

Figure 1.

4.2 Defin

Green metadatagenerator

Transmitter Receiver
Media Framework (Encoder) Media Framework (Decoder)
Media Media Media > Media Mediay, Presentation
Cd Cd
Pre-processor Encoder Encoded Encoded Decoder Subsystem
Media Media
A A A A A,
- 1 1 J
Y \
| I | I
Green Green
I Metadata Metadata I | I
1 Leenaratar 1 i 1
| I I |
1 ® 1 N o 1 1
1 ’ 1 o Green | 1
. = = — | Metadata 1
I . Green > r Green © | Extractor I !
Metadat:

1 Power PowcrH Metadata m etadata I}Power UPOWE‘I‘
| control control \ 4 | control llcontrol
a
Power optimization module t Power optimization module '\4

- . [N
[ i :ﬂ;
\%
Green _ Green Green Green
Feedback <'%?1:‘%(1[)3&:‘ € SV TFeedback | Feedback
Xtracto

Figure 1 — Functional architecture

reen metadata is multiplexed or encapsulated<in the conformant bitstream. Such g

m is packetized and delivered to the receiyer for decoding and presentation. At the recg
[a extractor processes the packets andxsends the green metadata to a power optimiz
efficient power control. For instancesthe power optimization module interprets the g

ing the video and also to reduee the presentation subsystem’s power consumption v
e video. In addition, the power-optimization module can collect receiver information,
g battery capacity, and send'it to the transmitter as green feedback to adapt the end
or power-consumption(reduction.

ition of coniponents in the functional architecture

both
reen

used at the receiver to reduce the power consumption for video decoding and presentation.

iver,
ition
reen

nd then applies appropriate operatiens to reduce the video decoder’s power consumpption

vhen
such
oder

k in

— Generaf

esdietadata from either the video encoder or the content pre-processor.

Green metadata extractor

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

receiver.

Green feedback generator

— Generates feedback information for the transmitter.

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

processing.

© ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=4dca23c07a79ba560097b0851d8bc41d

ISO/IEC 23001-11:2019(E)

Green feedback extractor

Receives the feedback from the receiver and sends it to the power optimization module in the
transmitter.

Power optimization module in the transmitter

Pow

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

Controls the operation of the green metadata generator, video encoder and content pre-processor.

Processes green feedback.
er optimization module in the receiver

Processes the green-metadata information and applies appropriate operations
consumption control.

Collects platform statistics such as remaining battery capacity of thé device in which
resides.

bends requests to Green feedback generator.

for power-

the receiver

5 Decoder power reduction
5.1 | General
Enerjgy-efficient decoding is achieved with two types of metadata: complexity metrics (CMi) metadata
and [decoding operation reduction request (DOR-Req) metadata. A decoder may use CMs metadata
to vary operating frequency and thus redu¢e decoder power consumption. In a point-to{point video
conferencing application, the remote enceder may use the DOR-Req metadata to modify the decoding
complexity of the bitstream and thus reduce local decoder power consumption.
5.2 | Complexity metrics for decoder-power reduction
5.2.1 General
With respect to the fumetional architecture in Figure 1, the green-metadata generator ppovides CMs
thatfindicate the picture-decoding complexity of an AVC or HEVC bitstream to the decoder.
5.2.2 Syntax
The pyntaxfor the AVC CMs is given in Table 1.
Table T — Syntax for the AVC CMsS
Size (bits) Descriptor

period_type 8 unsigned integer
if (period_type = =2) || (period_type==7){

num_seconds 16 unsigned integer
}
else if (period_type = = 3) || ( period_type==8) {

num_pictures 16 unsigned integer
}
if (period_type==8){

© ISO/IEC 2019 - All rights reserved
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Table 1 (continued)

temporal_map

for (t=0; t<8; t++){

if ( (temporal_map>>t)%2 ==1)

num_pictures_in_temporal_layers[t]

}

}

if (period_type <=3){

portion_n?n:zere:BxB:b-lﬁcka 8 tnsighed iutcsg
portion_ilitra_predicted_macroblocks 8 unsigned in;c\elg\g)
portion_silx_tap_filterings 8 unsigned.ﬁﬁe)ger
portion_albha_point_deblocking_instances 8 unsigrpq'a\ih'teger
} N
else if ( peripd_type==4){ O‘Q\J
for (i=0; i<f num_slice_groups_minus1; i++ ) { Q/J
num_slic¢s_minus1[i] 16 ‘<,\-) unsigned integer
} o
for (i=0; i<F num_slice_groups_minus1; i++ ) { ) \%V
for (j=0; jg=num_slices_minus1[i]; j++) { ) N
first_mb| in_slice[i][j] (\<< 16 unsigned integer
portion_non_zero_8x8_blocks[i][j] R Qv 8 unsigned integer
portion_jintra_predicted_macroblocks[i][j] &\\}\ 8 unsigned integer
portion_six_tap_filterings[i][j] %) N 8 unsigned integer
portion_alpha_point_deblocking_instances][i] [11\\\ 8 unsigned integer
) o
} -
} \L\V
else if ( peripd_type >=5) && ( perioq_t’@;é?: 8){
num_layerns_minus1 S 16 unsigned integer
for (1=0; I<g num_layers_ming@\+ ) {
picture_qarameter_set_i(l‘[h) 8 unsigned integer
priority_ih[l] A@’v 6 unsigned integer
dependency_id[l] ('\%‘ 3 unsigned integer
quality_id[1] ﬁév 4 unsigned integer
temporall i 3 unsigned integer
portion_n \:, — — sH S unsignedinteger
portion_intra_predicted_macroblocks[l] 8 unsigned integer
portion_six_tap_filterings[1] 8 unsigned integer
portion_alpha_point_deblocking_instances[l] 8 unsigned integer

}

}

The syntax for the HEVC CMs is given in Table 2.

© ISO/IEC 2019 - All rights reserved
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Table 2 — Syntax for the HEVC CMs

Size (bits) Descriptor
period_type 8 unsigned integer
if (period_type==2){

num_seconds 16 unsigned integer
}
else if ( period_type==3){
num_pictures 16 unsigned integer
}
if (geriod_type <=3){
portion_non_zero_blocks_area 8 urisigned |nteger
if (portion_non_zero_blocks_area!=0) {
partion_8x8_blocks_in_non_zero_area 8 unsigned |nteger
partion_16x16_blocks_in_non_zero_area 8 unsigned |nteger
partion_32x32_blocks_in_non_zero_area 8 unsigned |nteger
}
portion_intra_predicted_blocks_area 8 unsigned |nteger
if (portion_intra_predicted_blocks_area == 255) {
partion_planar_blocks_in_intra_area 8 unsigned |nteger
partion_dc_blocks_in_intra_area 8 unsigned |nteger
pgrtion_angular_hv_blocks_in_intra_area 8 unsigned |nteger
}
els¢ {
pqrtion_blocks_a_c_d_n_filterings 8 unsigned |nteger
pqrtion_blocks_h_b_filterings 8 unsigned |nteger
pqrtion_blocks_f_i_k_q_filterings 8 unsigned |nteger
partion_blocks_j_filterings 8 unsigned Integer
partion_blocks_e_g_p_r_filterings 8 unsigned |nteger
}
portion_deblocking_inistances 8 unsigned |nteger
}
elselif ( period_type==4){
malx_num_slices_tiles_minus1 16 unsigned |nteger
for|( t=0;-ts=max_num_slices_tiles_minus1; t++) {
first_etb_in_slice_or_tile[t] 16 unsigned |nteger
portion_non_zero_blocks_areatt} 8 umsigmedinteger

if ( portion_non_zero_blocks_area[t] = 0) {

portion_8x8_blocks_in_non_zero_area[t] 8 unsigned integer
portion_16x16_blocks_in_non_zero_area[t] 8 unsigned integer
portion_32x32_blocks_in_non_zero_area]t] 8 unsigned integer
}
portion_intra_predicted_blocks_area[t] 8 unsigned integer
if ( portion_intra_predicted_blocks_area[t] == 255) {
portion_planar_blocks_in_intra_area[t] 8 unsigned integer
portion_dc_blocks_in_intra_area|t] 8 unsigned integer
portion_angular_hv_blocks_in_intra_area|t] 8 unsigned integer

© ISO/IEC 2019 - All rights reserved 9
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Table 2 (continued)

}

else {
portion_blocks_a_c_d_n_filterings][t] 8 unsigned integer
portion_blocks_h_b_filterings[t] 8 unsigned integer
portion_blocks_f_i_k_q_filterings|t] 8 unsigned integer
portion_blocks_j_filterings]t] 8 unsigned integer
portion_blocks_e_g_p_r_filterings[t] 8 unsigned integer

}

portion_deblocking_instances[t] 8 unsigned integer

}

}

5.2.3 Signalling

SEI messag
green meta
[EC 23008-
with Annex

s can be used to signal complexity metrics metadata in an AVC'or HEVC stream.
Hata SEI message payload type shall be set in accordance withJSO/IEC 14496-10 and
. The complete syntax of the green metadata SEI message payload shall be in accord
A.

The message containing the CMs is transmitted at the start of ancupcoming period. The next mes

containing
period is a
interval, re
number of
with the fir

[Ms is transmitted at the start of the next upcomingperiod. Therefore, when the upcos
picture or the interval up to the next I-slice, a message is transmitted for each pictu
bpectively. However, when the upcoming peried‘is a specified time interval or a sped
ictures, the associated message is transmitted with the first picture in the time intery
5t picture in the specified number of pictufes.

5.2.4 Semantics

5.2.4.1 A

The semant

/C semantics

ics of various terms are,defined below.

period_ty
applicable

g

specifies the type of upcoming period over which the four complexity metrics
d is defined in Table 3.

Table 3 — Value and description of period_type

The
1SO/
ance

sage
ning
e or
ified
al or

are

Value Description

0x00 complexity metrics are applicable to a single picture

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

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

0x03 complexity metrics are applicable over 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 are applicable 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

10

© ISO/IEC 2019 - All rights res

erved


https://iecnorm.com/api/?name=4dca23c07a79ba560097b0851d8bc41d

ISO/IEC 23001-1

Table 3 (continued)

1:2019(E)

Value Description
0x07 complexity metrics are applicable over a specified time interval in seconds with scalable layer
granularity
0x08 complexity metrics are applicable over a specified number of pictures counted in decoding
order with scalable layer granularity
0x09-0xFF user-defined

num_seconds indicates the number of seconds over which the complexity metrics are appl
period_typeis 2 or 7.

icable when

nunl_pictures indicates the number of pictures, counted in decoding order, over which'the
metiics are applicable when period_type is 3 or 8. When period_type is 8, this is adefaul
pictyres for each temporal layer, which can be overidden using temporal_map flags.

NumPicsInPeriod specifies the number of pictures in the specified period. When period_ty
then| NumPicsInPeriod is 1. When period_type is 1, then NumPicsInPeriod is"determined
the pictures in decoding order up to (but not including) the one containing the next I
peripd_type is 2, then NumPicsInPeriod is determined from the frametate. When period_ty

NumPicsInPeriod is equal to num_pictures.

Tota
spec

NumMacroblocksInPeriod specifies the total number ©f-macroblocks that are cqg
ified period. It is determined by the following computation:

Num PicsIn Period
TotalNumMacroblocksPic(n)
n=1
where TotalNumMacroblocksPic(n) is set to the value of the AVC variable PicSizeInMbs
picture within the specified period, where 1:¢="n <= NumPicsInPeriod.

temporal_map indicates which temporal*layer has a different number of pictures from nt
in the specified period, when period_type is 8.

num
tth tg

_pictures_in_temporal_layer[t] indicates the number of pictures in the specified pe
mporal layer when period.type is 8. When not present, it is equal to num_pictures.

Num
tth te

PicsInPeriodForTemporalLayer|[t] specifies the number of pictures in the specified pe
mporal layer. Whenperiod_type is 5 then NumPicsInPeriodForTemporalLayer[t] is 1. W
typelis 6, then NumPicsinPeriodForTemporalLayer|[t] is determined by counting the picture
to the tth temporal [ayer in decoding order up to (but not including) the one containing the
Whein period_type is 7, then NumPicsInPeriodForTemporalLayer|[t] is determined from thg
assofiated td the tth temporal layer. When period_type is 8, then NumPicsInPeriodForTemp
is equal tosmum_pictures_in_temporal_layer([t].

complexity
t number of

pe is 0 or 4,
by counting
slice. When
pe is 3, then

ded in the

(7)

for the nth

Im_pictures

riod for the

riod for the
hen period_
5 associated
next I slice.
frame rate
pralLayer|[t]

transform

por{lion/non_zero_8x8_blocks indicates the portion of 8x8 blocks with non-zero

NumNonZero8x8Blocks
TotalNumMacroblocksInPeriod * 4

coefficients values in the specified period and is defined as follows:
*255}

where NumNonZero8x8Blocks is the number of 8x8 blocks with non-zero transform coeffic

portion_non_zero_8x8_blocks = Floor(

in the specified period. NumNonZero8x8Blocks is derived from portion_non_zero_8x8_

TotalNumMacroblocksInPeriod in the decoder.

© ISO/IEC 2019 - All rights reserved
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portion_intra_predicted_macroblocks indicates the portion of intra-predicted macroblocks in the
specified period and is defined as follows:

(9)

I Predi
portion_intra_predicted_macroblocks = Floor( NumlntraPredictedMacroblocks & 255)

TotalNumMacroblocksInPeriod

where NumlIntraPredictedMacroblocks is the number of intra-predicted macroblocks in the specified
period. NumlIntraPredictedMacroblocks is derived from portion_intra_predicted_macroblocks and
TotalNumMacroblocksInPeriod in the decoder.

portion_six_tap_filterings indicates the portion of 6-tap filterings (STFs) in the specified period and
is defined af Tollows:

(10)

portion| six_tap_filterings = Floor[ NumSixTapFilterings %255 )

MaxNumSixTapFilteringsInPeriod

where MaxNumSixTapFilteringsinPeriod is the maximum number of STFs that can\occur within the
specified pdqriod and is derived from TotalNumMacroblocksInPeriod variable as

MaxNumSixTapFilteringsinPeriod = (1664 * TotalNumMacroblocksInPeriod) (11

and NumSixTapFilterings is the number of 6-tap filterings (STFs) within the specified period. Guidance
for the courjting of NumSixTapFilterings can be found in Annex B. NumSixTapFilterings is derived from
portion_six|tap_filterings and MaxNumSixTapFilteringsInPeriod immthe decoder.

portion_alpha_point_deblocking_instances indicates the portion of alpha-point deblocking instances
(APDIs) in the specified period and is defined as follows:

portion] alpha_point_deblocking_instances=

NumAlphaPointDeblockinglnstances (12)

Floor *255

MaxNumAlphaPointDeblockingInstancesInPeriod

MaxNumAlphaPointDeblockinglnstancesInPeriod is the maximum number of APDIs that| can
occur witHin the specified period ahd is derived from TotalNumMacroblocksInPeriod | and
ChromaFormatMultiplier variables as

MaxNumAlphaPointDeblockinglnstancesInPeriod = (13)
128+ ChromaFormatMultiplier * TotalNumMacroblocksInPeriod

ChromaFormatMultiplier, depends on the AVC variables separate_colour_plane_flag and chr¢ma_
format_idc s shown in,Table 4.

Table 4 — ChromaFormatMultiplier

ChromaHormatMultiplier separate_colour_plane_flag chroma_format_idc Comment
1 0 0 monochrome
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

NumAlphaPointDeblockinglnstancesis the number of APDIs in the specified period. Using the notation in
ISO/IEC 14496-10, this is equivalent to the total number of filtering operations applied to produce filtered
samples of the type p'p or q'p, in the specified period. NumAlphaPointDeblockingInstances is derived
from portion_alpha_point_deblocking_instances and MaxNumAlphaPointDeblockinglnstancesInPeriod
in the decoder.

12 © ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=4dca23c07a79ba560097b0851d8bc41d

ISO/IEC 23001-11:2019(E)

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].

TotalNumMacroblocksInSlice[i][j] is the total number of macroblocks that are coded in the slice[i][j]
and is determined by the following computation:

If num_slice_groups_minusl is equal to 0:
if (j<num_slices_minus1[0])

TotalNumMacroblocksInSlice[0][j]=first_mb_in_slice[0][j+1] - first_mb_in_slice[0][j]

lse
TotalNumMacroblocksInSlice[0][j]=PicSizeInMbs - first_mb_in_slice[0][j] (14)
Othgrwise (num_slice_groups_minus1 is not equal to 0), and after derivatién)of the macrobllock to slice
group map (MbToSliceGroupMap ) as specified in ISO/IEC 14496-10:—, 8)2:2.8.
f (j<num_slices_minus1[i])
k=0;
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++;
TotalNumMacroblocksInSlice[i][j]=k;
lse
k=0;
for ( n=first_mb_in_slice[i]j};n< PicSizeInMbs; n++)
if ( MbToSliceGroupMap|first_mb_in_slice[i][j]] == MbToSliceGroupMap|n] )
K++;

U

TotalNumMacroblocksInSlice[i][j]=k; (15)

porflion_non_zero_8x8_blocksJ[i][j] indicates the portion of 8x8 blocks with non-zerq transform
coefficientswvalues in the slice[i][j] and is defined as follows:.

*zssj (16)

[ NumNeonZero8x8Blocksfilf

]
portion_non_zero_8x8_blocks][i][j] = Floor —
TotalNumMacroblocksInSlice[i][j]* 4

where NumNonZero8x8BlocksJ[i][j] is the number of 8x8 blocks with non-zero transform coefficients
values in the slice[i][j]. NumNonZero8x8Blocks[i][j] is derived from portion_non_zero_8x8_blocks[i][j]
and TotalNumMacroblocksInSlice[i][j] in the decoder.
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portion_intra_predicted_macroblocks[i][j] indicates the portion of macroblocks using Intra
prediction modes in the slice[i][j] and is defined as follows:

NumlIntraPredictedMacroblocks|[i][j]
TotalNumMacroblocksInSlice[i][j]

portion_intra_coded_macroblocks][i][j]= Floor[

*255) (17)

where NumlIntraPredictedMacroblocks[i][j] is the number of macroblocks using Intra prediction
modes in the slice[i][j]. NumIntraPredictedMacroblocks][i][j] is derived from portion_intra_predicted_
macroblocks[i][j] and TotalNumMacroblocksInSlice[i][j] in the decoder.

portion_six_tap_filterings[i][j] indicates the portion of 6-tap filterings (STFs) in the specified slice[i]

[i] and is deffined as follows:

portion| six_tap_filterings[i][j]=Floor Num-Sleap-Fllte.rlngs [ [_]] — %255 (18)

MaxNumSixTapFilteringsInSlice[i][j]

where MaxNumSixTapFilteringsInSlice[i][j] is the maximum number of STFs that\can occur i} the
slice[i][j] and is derived from TotalNumMacroblocksInSlice[i][j] variable as

MaxNumSixTapFilteringsInSlice[i][j] = 1664 * TotalNumMacroblocksInSlice[i][j] (19)
and NumSixTapFilterings[i][j] is the number of 6-tap filterings (STFs) within the slice[i][j]. Guidande for
the counting of NumSixTapFilterings[i][j] can be found in Annex B. NumSixTapFilterings[i][j] is defived
from portiop_six_tap_filterings[i][j] and MaxNumSixTapFilteringsinSlice[i][j] in the decoder.
portion_alfha_point_deblocking_instances[i][j] indicates\ the portion of alpha-point deblodking
instances (4PDIs) in the specified slice[i][j] and is defined-as‘follows:

portion] alpha_point_deblocking_instances][i][j]=

Floor NumAlphaPointDeblockingInstances]i][j] %955 (20)

MaxNumAlphaPointDeblockinglnstancesInSlice[i][j]

where MaxNumAlphaPointDeblockinglnstancesInSlice[i][j] is the maximum number of APDIs

that can ¢ccur in the slice[i][j] and‘“is derived from TotalNumMacroblocksInSlice[i][j]|and
ChromaFormatMultiplier variables as
MaxNummAlphaPointDeblockinglnstancesInSlice[i][j]= (21)

128:*ChromaFormatMultiplier * TotalNumMacroblocksInSlice[i][j]

and NumAl|phaPointDeblockingInstances|i][j] is the number of alpha-point deblocking instdnces

(APDIs) in
deblocking |

num_layer

Slice[i][j]. NumAlphaPointDeblockinglnstances[i][j] is derived from portion_alpha_p
instances|i][j] and MaxNumAlphaPointDeblockingInstancesInSlice[i][j] in the decoder

5_minus1 plus 1 indicates the number of scalable layers in the associated picture or i1

Dint_

1 the

riod:.

specified pe

pic_parameter_set_id[l] indicates the picture parameter set in use for the Ith scalable layer. The value
of pic_parameter_set_id[l] shall be in the range of 0 to 255, inclusive (as specified in ISO/IEC 14496-
10:—, G.7.4.3.4).

priority_id[l] indicates a priority identifier for the NAL unit in the Ith scalable layer. The value of
priority_id[l] shall be in the range of 0 to 63, inclusive (as specified in ISO/IEC 14496-10:—, G.7.4.4.1).

dependency_id[l] indicates a dependency identifier for the NAL unit in the Ith 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:—,
G.7.4.4.1).

quality_id[l] 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:—, G.7.4.4.1).

14 © ISO/IEC 2019 - All rights reserved
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temporal_id[l] indicates a temporal identifier for the NAL unit in the Ith scalable layer. The value of
temporal_id[l] shall be in the range of 0 to 7, inclusive (as specified in ISO/IEC 14496-10:—, G.7.4.4.1).

portion_non_zero_8x8_blocks[l] indicates the portion of 8x8 blocks with non-zero transform
coefficients values in the Ith scalable layer and is defined as follows:.

portion_non_zero_8x8_blocks[l]=

NumNonZero8x8Blocks|]] 75 (22)
TotalNumMacroblocksInLayerInPeriod[l]* 4

TotalNumMacroblocksInLayerinPeriod[l] is the total number of macroblocks in the Ith
scaldble Tayer 1n the speciiied period and 1s derived from TotalNumMacroblocksInOayer[l] and
NumPicsInPeriodForTemporalLayer[temporal[l]]as

Floor

[otalNumMacroblocksInLayerInPeriod[l]= 23)
[otalNumMacroblocksInLayer[l]* NumPicsInPeriodForTemporalLayers[temporal_id[1]]

where TotalNumMacroblocksIinLayer|[l] is the total number of macroblocks\inthe Ith scalable layer and
detefmined after derivation of the number of macroblock associated with-the pic_parameter_set_id[l],
as spjecified in ISO/IEC 14496-10:—, G.7.4.3.4.

NumNonZero8x8Blocks[l] is the number of 8x8 blocks with nonszero transform coefficlents values
in the Ith scalable layer in the specified period. It is derived frosr portion_non_zero_8x8_blocks[l] and
Tota]NumMacroblocksInLayerInPeriod[l] in the decoder.

porflion_intra_predicted_macroblocks[l] indicates thedportion of macroblocks using Intra prediction
modps in the Ith scalable layer and is defined as follows:

portion _intra _predicted _macroblocks[l]=

i 24
Floor NumIntraPredictedMacroblocks{l] 4255 J (24)

TotalNumMacroblocksInLayerlnPeriod[l]

Num|ntraPredictedMacroblocks[l] is.the number of macroblocks using Intra prediction modes in the
Ith s¢alable layer in the specified period. It is derived from portion_intra_predicted_macroblocks[l] and
Tota]NumMacroblocksInLayerinPReriod[l] in the decoder.

portlion_six_tap_filterings[I}indicates the portion of 6-tap filterings (STFs) in the specified Ith scalable
layer in the specified period and is defined as follows:

NumSixTapFilterings|l]

portion _six _tap filterings[l]=Floor - — -
MaxNumSixTapFilteringsInLayerInPeriod([l]

*255] (25)

MaxNumSixTapFilteringsIinLayerInPeriod[l] is the maximum number of STFs that can occpr in the Ith
scalgble layer in the specified period and is derived from TotalNumMacroblocksIinLayefInPeriod[l]
varigble as

MlaxNumSixTapFilteringsInLayerInPeriod|l|=

26

1664 = TotalNumMacroblocksInLayerInPeriod|[l] (26)

NumSixTapFilterings[l] is the number of 6-tap filterings (STFs) within the Ith scalable layer in the

specified period. Guidance for the counting of NumSixTapFilterings[l] can be found in Annex B. It is

derived from portion_six_tap_filterings[l] and MaxNumSixTapFilteringsinLayerInPeriod[l] in the
decoder.

© ISO/IEC 2019 - All rights reserved 15


https://iecnorm.com/api/?name=4dca23c07a79ba560097b0851d8bc41d

ISO/IEC 23001-11:2019(E)

portion_alpha_point_deblocking_instances[l] indicates the portion of alpha-point deblocking
instances (APDIs) in the specified Ith scalable layer in the specified period and is defined as follows:

portion

Floor

_alpha_point _deblocking _instances[l]=
NumAlphaPointDeblockinglnstances|l] 755
MaxNumAlphaPointDeblockinglnstancesInLayerInPeriod[l]
MaxNumAlphaPointDeblockinglnstancesinLayerIinPeriod[l] is the maximum number

(27)

of

APDIs that can occur in the Ith scalable layer in the specified period and is derived from

TotalNumM

acroblocksInLayerInPeriod[l] and ChromaFormatMultiplier variables as

MaxNuinAlphaPointDeblockingInstancesInLayer[l]=

128+Ch

NumAlphaF
in the Ith s
instances(l]

5.2.4.2 H
The semant

period_ty
applicable

romaFormatMultiplier * TotalNumMacroblocksInLayersInPeriod[l]

falable layer in the specified period. It is derived from portion_alpha_point_debloc}
and MaxNumAlphaPointDeblockinglnstancesInLayerInPeriod[l] in the decoder.

EVC semantics
ics of various terms are defined below.

specifies the type of upcoming period over which«the four complexity metrics
d is defined in Table 5.

Table 5 — Value and descriptionjef period_type

(28)

ointDeblockinglnstances[l] is the number of alpha-point deblocking instances (APDIs)

(ing_

are

Value Deseription
0x00 complexity metrics are applicable to a single picture
0x01 complexity metrics are applicable to allpictures 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 appli¢able over a specified number of pictures counted in decoding grder
0x04 complexity metrics areapplicable to a single picture with slice or tile granularity

0x05-0xFF Reserved
num_secorlds indicates the miuinber of seconds over which the complexity metrics are applicable when

period_typ§g

num_pictu
metrics are

NumPicsInH
NumPicsInH

is 2.

Fes specifiesithe number of pictures, counted in decoding order, over which the compl
applicable' when period_type is 3.

eridd)is the number of pictures in the specified period. When period_type is 0,
eriod is 1. When period_type is 1, then NumPicsInPeriod is determined by counting

bXity

then
r the

pictures in

decoding order up to (but not Includingj the one containing the next I slice. when pe

jod_

type is 2, then NumPicsInPeriod is determined from the frame rate. When period_type is 3, then
NumPicsInPeriod is equal to num_pictures.

TotalNum4x4BlocksInPeriod is the total number of 4x4 blocks that are coded in the specified period.
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determined by the following computation:

NumPicsInPeriod

TotalNum4x4BlocksPic(n)

)

n=1

where TotalNum4x4BlocksPic(n) is derived from HEVC variables as follows

PicSizeInCtbsY * (1 << (CtbLog2SizeY-2))?2

for the nth picture within the specified period, where 1 <= n <= NumPicsInPeriod.

portlion_non_zero_blocks_area indicates the portion of area covered by blocks , Wit

tran

is de

whe
spec

whe
Num
coef

Num
the d

po
int

Whe

Num
spec
the d

portion16x16_blocks_in_non_zero_area indicates the portion of 16x16 blocks area in t

area

rl:Iion_8x8_blocks_in_non_zero_area indicates the portion of 8x8 blocks area in the ng

(29)

(30)

fined as follows:

NumNonZeroBlocks
TotalNum4x4BlocksInPeriod

bortion _non_zero_blocks_area= Floor(

*255)

e NumNonZeroBlocks is the number of blocks with non-zero transferm coefficients v
ified period using 4x4 granularity. At the encoder side, NumNonZeroBlocks is compute

NumNonZeroBlocks =NumNonZero4x4Blocks + 4 * NumNonZero8x8Blocks +
| 6+ NumNonZero16x16Blocks +64* NumNonZero32x32Blocks

e NumNonZero4x4Blocks, NumNonZero8x8Blocks, NumNonZerol
NonZero32x32Blocks are the number of 4x4, 8x8)16x16 and 32x32 blocks with non-zer
icients values, respectively, in the specified period.

NonZeroBlocks is derived from portion_non_zero_blocks_area and TotalNum4x4Block
ecoder.

specified period and is defined as follows:

4+NumNonZero8x8Blocks
NumNonZeroBlocks

bortion _8x8_blocks_in_shon_zero_area= Floor[

*255)

NonZero8x8Blecks is the number of 8x8 blocks with non-zero transform coefficients
ified periodsIt'is derived from portion_8x8_blocks_in_non_zero_area and NumNonZe
ecoder.

n not present, is equat to 0.

h non-zero

sform coefficients values, in the pictures of the specified period, using a 4x4 blocks'granularity and

(31)

alues in the
] as follows:

(32)

Hbx16Blocks,
o transform

5InPeriod in

n-zero area

(33)

alues in the
roBlocks in

he non-zero

in'the specified period and is defined as follows:

portion_16x16_blocks_in_non_zero_area= Floor[

Whe

16*NumNonZerol6x16Blocks
NumNonZeroBlocks

n not present, is equal to 0.

*255) (34)

NumNonZerol6x16Blocks is the number of 16x16 blocks with non-zero transform coefficients values in
the specified period. Itis derived from portion_16x16_blocks_in_non_zero_area and NumNonZeroBlocks

in th

e decoder.

© ISO/IEC 2019 - All rights reserved

17


https://iecnorm.com/api/?name=4dca23c07a79ba560097b0851d8bc41d

ISO/IEC 23001-11:2019(E)

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 defined as follows:

64+NumNonZero32x32Blocks
NumNonZeroBlocks

portion_32X32_blocks_in_non_zero_area=Floor( *ZSSJ (35)

When not present, is equal to 0.

NumNonZero32x32Blocks is 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
NumNonZeroBlocks in the decoder.

NumNonZero4x4Blocks is the number of 4x4 blocks with non-zero transform coefficients values’/in the
specified pdriod. NumNonZero4x4Blocks is derived from NumNonZeroBlocks, NumNonZero8x8Blpcks,
NumNonZerol6x16Blocks and NumNonZero32x32Blocks as follows in the decoder:

NumNonZero4x4Blocks =NumNonZeroBlocks —4* NumNonZero8x8Blocks — (36)
16*NumNonZerol6x16Blocks—64* NumNonZero32x32Blocks

portion_infra_predicted_blocks_area indicates the portion of area covered-hy‘intra predicted blocks
in the pictures of the specified period using 4x4 granularity and is defined<as follows:

(37)

portion| intra_predicted _blocks_area= Floor[ 4 *NumIntraPredgriedBlocks %255 )

TotalNum4x4BlocksInPeriod

NumlIntraPredictedBlocks is the number of intra predicted blocks in the specified period using 8x8
granularity| At the encoder side, it is computed as follows:

NumlIntiraPredictedBlocks = NumIntraPredicted 8x8Blocks +
4 Nurr:[:ntraPredictedl6x16Blocks +16*NumlIntraPredicted32x32Blocks + (38)

64 *NumIntraPredicted64x64Blocks
where Num|ntraPredicted8x8Blocks, NumIntraPredicted16x16Blocks, NumIntraPredicted32x32Blocks
and NumlIntraPredicted64x64Blocks are the number of intra predicted 8x8, 16x16, 32x32 and 6{x64
blocks respegctively, in the specified period.

NumlIntraPredictedBlocks is derived from portion_intra_predicted_blocks_area and
TotalNum4x4BlocksInPeriod in the decoder.

portion_planar_blocks_in-\intra_area — indicates the portion of planar blocks area in the [ntra
predicted atea in the specified period and is defined as follows:

(39)

portion| planar{ blocks_in_intra_area= Floor( NumPlanarPredictedBlocks %255 J

4 +NumlIntraPredictedBlocks

When not pfesent, is equal to 0.

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

NumPlanarPredictedBlocks = NumPlanarPredicted4x4Blocks +

4 +NumPlanarPredicted8x8Blocks+16*NumPlanarPredicted16x16Blocks + (40)
64 +*NumPlanarPredicted32x32Blocks + 256 * NumPlanarPredicted 64x64Blocks
where NumPlanarPredicted4x4Blocks, NumPlanarPredicted8x8Blocks,

NumlIntraPredicted16x16Blocks, NumIntraPredicted32x32Blocks and NumIntraPredicted64x64Blocks
are the number of intra planar predicted 4x4, 8x8, 16x16, 32x32 and 64x64 blocks respectively, in the
specified period.
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is derived from

NumlIntraPredictedBlocks in the decoder.

portion_planar_blocks_in_intra_area

1:2019(E)

and

portion_dc_blocks_in_intra_area indicates the portion of DC blocks area in the intra predicted area

in th

portion _dc_blocks_in_intra_area= Floor(

Whe

Nu
gra

whe
Num
Num

e specified period and is defined as follows:

NumDCPredictedBlocks
4 x*NumlIntraPredictedBlocks

n not present, is equal to 0.

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

NumDCPredictedBlocks = NumDCPredicted4x4Blocks +
L« NumDCPredicted8x8Blocks+ 16 Num _DCPredicted16x16Blocks +

b4 NumDCPredicted32x32Blocks + 256 * NumDCPredicted 64 x64Blocks
‘e NumDCPredicted4x4Blocks, NumDCPredicted8x8Blocks, NumDCPredictedl
DCPredicted32x32Blocks and NumDCPredicted64x64Blocks arethe'humber of intra D

int

bloc

Whe

Num
bloc

whe
Num
Num

predicted 4x4, 8%8,16x16, 32x32 and 64x64 blocks respectively, in the specified period.

Num

Num

}

portion_angular_hv_blocks_in_intra_area indicates the portion of angular horizontal

DCPredictedBlocksisderived from portion_dc_blocks_in_intraareaand NumIntraPred
decoder. 4x4, 8x8, 16x16, 32x32 and 64x64 blocks respectively, in the specified perio

ks area in the intra predicted area in the specified period and is defined as follows:

NumAngularHVPredictedBlocks
4+ NumlIntraPredictedBlocks

portion _angular _hv _blocks_in_intra_area= Floor(

n not present, is equal to 0.

AngularHVPredictedBlocks is the number of intra angular horizontally or verticall

NumAngularHVPredictedBlocks= NumAngularHVPredicted4x4Blocks +
L« NumAngularHVPredicted8x8Blocks + 16+ NumAngularHVPredicted16x16Blocks +

e NumAngularHVPredicted4x4Blocks, NumAngularHVPredicte
AngularHVPredicted16x16Blocks, NumAngularHVPredicted32x32Blocks
AngularHVCPredicted64x64Blocks are the number of intra angular horizontally d

AngularHVPredictedBlocks is derived from portion_angular_hv_blocks_in_intrg
IntnaBredictedBlocks in the decoder.

b4 * NumAngularHVPredicted32x32Blocks + 256 # NumAngularHVPredicted 64x 64 Blocks

(41)

(42)

Hbx16Blocks,
C predicted
ictedBlocks
d.

or vertical

* zssJ (43)

y predicted

ks in the specified period using 4x4@ranularity. At the encoder side, it is computed as fpllows:

(44)

D

18x8Blocks,
and
r vertically

_area and

uma samples

p051t10ns are located in sub- sample posmon a,c d orn, as deflned in ISO/IEC 23008 2 and illustrated in
Annex B, in the specified period and is defined as follows:

Whe

NumBlocksACDNFilterings
TotalNum4x4Blocks

*255}

n not present, is equal to 0.

(45)

NumBlocksACDNFilterings is the number ofprediction blocks Whose luma samples positions are located

f11ter1ngs and TotalNum4x4Blocks in the decoder.

© ISO/IEC 2019 - All rights reserved
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portion_blocks_h_b_filterings indicates the portion of prediction blocks whose luma samples

positions are located in sub-sample position h or b, as defined in ISO/IEC 23008-2 and illustrated in

Annex B, in

portion

the specified period and is defined as follows:

NumBlocksHBFilterings .
TotalNum4x4Blocks

_blocks_h_b_filterings = Floor(

255]

When not present, is equal to 0.

(46)

NumBlocksHBFilterings is the number of prediction blocks whose luma samples positions are located
in sub-sample position h or b in the specified period.

Itis derive

portion_bl
positions ar
Annex B, in

portion

When not p

NumBlocks
in sub-samy

Itis derived

1from portion_blocks_h_b_filterings and TotalNum4x4Blocks in the decoder.

e located in sub-sample position f, I, k or g, as defined in ISO/IEC 23008-2 and illustrat
the specified period and is defined as follows:
*255}

FIKQFilterings is the number of prediction blocks whose luma samples positions are log
le position f, I, k or q in the specified period.

NumBlocksFIKQFilterings
TotalNum4x4Blocks

| blocks_f_i_k_q_filterings = Floor(

Fesent, is equal to 0.

from portion_blocks_f i_k_q_filterings and TotalNum4x4Blocks in the decoder.

portion_blocks_j_filterings indicates the portion of prediction blocks whose luma samples posi

are located
specified pe

portion

When not p

NumBlocks
sub-sample

Itis derived

riod and is defined as follows:

NumBloe¢ks]Filterings .
TotalNum4x4Blocks

| blocks_j_filterings = Floor(

Fesent, is equal to 0.

Filterings is the number.of prediction blocks whose luma samples positions are locat
position j in the spegcified period.

from portion_bloeks_j_filterings and TotalNum4x4Blocks in the decoder.

portion_blocks_e_g_p.t-filterings indicates the portion of prediction blocks whose luma bl

positions ar
Annex B, in

e locatedin sub-sample position e, g, p or 1, as defined in ISO/IEC 23008-2 and illustrat
the specified period and is defined as follows:

cks_f_i_k_q_filterings indicates the portion of prediction blocks whose luma sanpples

bd in

(47)

ated

ions

in sub-sample position j, as defined in ISO/IEC 23008-2 and illustrated in Annex B, i the

(48)

bd in

ocks
bd in

mnm_( NumBlocksEGPRFilterings £0EE \

p_r filterin

portion

oS —
(=]

k TotalNum4x4Blocks

When not present, is equal to 0.

(49)

NumBlocksEGPRFilterings is the number of prediction blocks whose luma samples positions are located
in sub-sample position e, g, p or r in the specified period.

It is derived from portion_blocks_e_g_p_r filterings and TotalNum4x4Blocks in the decoder.
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portion_deblocking_instances indicates the portion of deblocking filtering instances in the specified
period and is defined as follows:

portion_deblocking _instances =

Floor

NumDeblockinglnstances

%255
4+ ChromaFormatMultiplier * TotalNum4x4Blocks

(50)

ChromaFormatMultiplier depends on the HEVC variables separate_colour_plane_flag and chroma_
format_idc as shown in Table 6.

Tahle 6 — ChromaFormatMultiplier

ChromaFormatMultiplier

separate_colour_plane_flag

chroma_for

mat_idc

Ca

mment

1

0

0

mof

ochrome

1.5

4:2:(

sampling

4:2:7

sampling

4:4:4

sampling

k=R =N =]

1
2
3
3

sepa

fate colour
plane

Num
deriy

decdder.

max

rasts

Tota
dete

b1 scan order.

Deblockinglnstances is the number of deblocking filtering(instances in the specified
red from portion_deblocking_instances, TotalNum4x4Blecks and ChromaFormatMult

| num_slices_tiles_minus1 specifies the maximumyhumber between the number of sl
er of tiles in the associated picture.

num
firsf ctb_in_slice_or _tile[t] specifies the first Coding Tree Block (CTB) number in slice[t]

Num4x4BlocksInSliceOrTile[t] is theitotal number of 4x4 blocks in the slice[t] or t
Fmined by the following computation after derivation of the Coding tree block ras

scanping conversion process (CtbAddrRsToTs) as specified in ISO/IEC 23008-2:—, 6.5.1:

exce
by th

portieh—
transform
follows:

portion_non_zero_blocks_area[t]= Floor[

coefficients values in the slice

© ISO/IEC 2019 - All rights reserved

[tbAddrRsToTs [first_ctb_in_slice_or_tile[t]]) & (1 <<

2
[tbAddrRsToTs|[first.ctb_in_slice_or_tile[t]]) (1 << (CtbLogZSizeY-Z))

pt for the last slice or tile of the picture (t= num_max_slices_tiles_minus1), where it is
e following computation:

(CtbLog2SizeY-2))’

NumNonZeroBlocksInSlice

['otalNum4x4BlocksInSliceOrTile[t] = (CtbAddrRsToTs[PicSizeInCtbsY] -

OrTile[t]

TotalNum4x4BlocksInSliceOrTile][t]

[otalNum4x4BlocksInSliceQrTile[t]= (CtbAddrRsToTs [first_ctb_in_slice_or_tile[t +1]]—

y and i

*255]

period. It is
plier in the

ces and the

or tile[t] in

le[t] and is
ter and tile

(51)

determined

(52)

vith non-zero

s defined as

(53)
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NumNonZeroBlocksInSliceOrTile[t] is the number of blocks with non-zero transform coefficients values
in the slice[t] or tile[t] using 4x4 granularity. At the encoder side, it is computed as follows:

NumNonZeroBlocksInSliceOrTile[t] = NumNonZero4x4BlocksInSliceOrTile[t]+
4+NumNonZero8x8BlocksInSliceOrTile[t]+ 16 * NumNonZero16x16BlocksInSliceOrTile[t]+  (54)

64 x*NumNonZero32x32BlocksInSliceOrTile[t]

where NumNonZero4x4BlocksInSliceOrTile[t], NumNonZero8x8BlocksInSliceOrTile][t],
NumNonZerol6x16BlocksInSliceOrTile[t], NumNonZero32x32BlocksInSliceOrTiles[t] are the number of
non-zero 4xf, 8x8, 16x16, 32x3Z2 DIOCKS In the sIice[t] or tile[t] respectively.

NumNonZeroBlocksInSliceOrTile[t] is derived from portion_non_zero_blocks_areaft] |and
TotalNum4x4BlocksInSliceOrTile[t] in the decoder.

portion_8x8_blocks_in_non_zero_area]t] indicates the portion of 8x8 blocks area in the non{zero
area in the §lice[t] or tile[t] and is defined as follows:

portion| 8x8_blocks_in_non_zero_area[t]=

4 i i 55
Floor >l<NumNonZero8xBBlocksInShceOrTlle[t]*255] (55)

NumNonZeroBlocksInSliceOrTile[t]
When not pfesent, is equal to 0.

NumNonZero8x8BlocksInSliceOrTile[t] is the number of 8%8 blocks with non-zero transform
coefficients|values in the slice[t] or tile[t]. It is derived froni\portion_8x8_blocks_in_non_zero_arealt]
and NumNIZeroBlocksInSliceOI’Tile[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 defined as follows:

portion| 16x16_blocks_in_non_zero_areaft]=

16 *NumNonZero16x16BlocksInSliceOrTilez[t] #2585 (56)
NumNonZeroBlocksInSliceOrTile[t]
When not present, is equal to 0.

Floor

NumNonZefol6x16BlocksInSliceOrTile[t] is 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_arealt]
and NumNonZeroBlocksInSliceOrTile[t] in the decoder.

portion_32x32_blocKs_in_non_zero_area[t] indicates the portion of 32x32 blocks area in the [non-
zero area inf the slice[t] or tile[t] and is defined as follows:

portion| 32x32_blocks_in_non_zero_area[t]=

64*Numionzeros2x32BtocksinsticeorTiteftt —- 5\ (57)
NumNonZeroBlocksInSliceOrTile[t] J

When not present, is equal to 0.

Floor

NumNonZero32x32BlocksInSliceOrTile[t] is the number of 32x32 blocks with non-zero transform
coefficients values in the slice[t] or tile[t]. It is derived from portion_32x32_blocks_in_non_zero_arealt]
and NumNonZeroBlocksInSliceOrTile[t] in the decoder.

NumNonZero4x4BlocksInSliceOrTile[t] is the number of 4x4 blocks with non-zero transform
coefficients values in the slice[t] or tile[t]. It is derived from NumNonZeroBlocksInSliceOrTile[t],
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NumNonZerol6x16BlocksInSliceOrTile[t]

NumNonZero32x32BlocksInSliceOrTile[t] as follows in the decoder:

NumNonZero4x4BlocksInSliceOrTile[t] = NumNonZeroBlocksInSliceOrTile[t] -

4+ NumNonZero8x8BlocksInSliceOrTile[t]- 16 NumNonZero16x16BlocksInSliceOrTile[t] -

64 * NumNonZero32x32BlocksInSliceOrTile[t]

portion_intra_predicted_blocks_area[t] indicates the portion of area covered by intra predicted
blocks in the slice[t] or tile[t] using 8x8 granularity and is defined as follows:

portion _intra_predicted _blocks_area[t]=

1:2019(E)

and

(58)

Num

in thie slice[t] or tile[t]. At the encoder side, it is computed as follows:

whe
Num
are

resp

Num
Tota

por{lion_planar_blocks_in_intra_area[t}indicates the portion of planar blocks in the intr

area

Whe

Num
usin

4 +NumlIntraPredictedBlocksInSliceOrTile][t] 755
TotalNum4x4BlocksInSliceOrTile[t]
IntraPredictedBlocksInSliceOrTile[t] is the number of intra predicted blocks using 8x8

Floor

NumlIntraPredictedBlocksInSliceOrTile[t] = NumIntraPredicted 8x8BlocksinSliceOrTile[t
L« NumIntraPredicted16x16BlocksInSliceOrTile[t]+

| 6 NumIntraPredicted32x32BlocksInSliceOrTile[t]+

b4 = NumIntraPredicted64x64BlocksInSliceOrTile[t]
IntraPredicted32x32BlocksInSliceOrTiles[t] and NurlntraPredicted64x64BlocksInS

the number of intra predicted 8x8, 16x16, 32x32 and 64x64 blocks in the slice
ectively.

IntraPredictedBlocksInSliceOrTile[t] is derived from portion_intra_predicted_blocks|
Num4x4BlocksInSliceOrTile[t] in the decader.

the slice[t] or tile[t] and is defined-as follows:
portion _planar_blocks_in_intra_area[t]=
b loor NumPlanarBlocKsInSliceOrTile[t]

4= NumIntraPredictedBlocksInSliceOrTile[t]
n not present, is equal to 0.

>l<255]

PlanarBlocksInSliceOrTile[t] is the number of intra planar predicted blocks in the slice
b 4x4 granularity. At the encoder side, it is computed as follows:

NumPlanarBlocksInSliceOrTile[t] = NumPlanar4x4Blocks[t]+

‘e NumlIntraPredicted8x8BlocksInSliceOrTile[t], NumdntiaPredicted16x16BlocksInSliceOrTile[t

(59)
granularity
|+

(60)

],
liceOrTile[t
t] or tile[t]

lareat] and

a predicted
(61)

[t] or tile[t]

where

L« NumPlanar8x8Blocks[t]+ 16 * NumPlanar16x16Blocks[t] + (62)
b4 NumPlanar32x32Blocksf 256+ NumPlanar64x64Blocks{t]
NumPlanar4x4Blocks][t], NumPlanar8x8Blocks][t], NumPlanar16x16Blocks][t],

NumPlanar32x32Blocks[t] and NumPlanar64x64Blocks[t] are the number of intra planar predicted

4x4,

NumPlanarBlocksInSliceOrTile[t]

8x8, 16x16, 32x32 and 64x64 blocks in the slice[t] or tile[t] respectively.

is derived from portion_planar_blocks_in_intra_a

NumlIntraPredictedBlocksInSliceOrTile[t] in the decoder.

© ISO/IEC 2019 - All rights reserved

rea[t] and

23


https://iecnorm.com/api/?name=4dca23c07a79ba560097b0851d8bc41d

ISO/IEC 23001-11:2019(E)

portion_dc_blocks_in_intra_area[t] indicates the portion of DC blocks in the intra predicted area in
the slice[t] or tile[t] and is defined as follows:

portion_dc_blocks_in_intra_area[t]=

NumDCBlocksInSliceOrTile[t] 755
4+ NumlIntraPredictedBlocksInSliceOrTile[t]
When not present, is equal to 0.

(63)

Floor

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

NumDCBlocksInSliceOrTile[t] = NumDC4x4Blocks[t]+
4 +NumDC8x8Blocks[t]+16*NumDC16x16Blocks[t]+ (64)

64+ NumDC32x32Blocks[t]+256 #*NumDC64x64Blocks|t]

where NumDC4x4Blocks[t], NumDC8x8Blocks[t], NumDC16x16Blocks[t], NumDC32x32Blocks[t]| and
NumDC64xp4Blocks[t] are the number of intra DC predicted 4x4, 8x8, 16x16, 32x32-and 64x64 blocks
in the slice[f] or tile[t] respectively.

NumDCBlodksInSliceOrTile[t] is derived from  portion_dc_blacKs_in_intra_arealt] and
NumlIntraPfedictedBlocksInSliceOrTile[t] in the decoder.

portion_angular_hv_blocks_in_intra_area[t] indicates the portipn.of angular horizontal or veiftical
blocks in th intra predicted area in the slice[t] or tile[t] and is defined as follows:

portion| angular_hv_blocks_in_intra_area[t]=

Floor

I

NumAngularHVBlocksInSliceOrTile[t] w55 (65)
L« NumIntraPredictedBlocksInSliceOrTile[t]
When not pfesent, is equal to 0.

NumAnguldqrHVBlocksInSliceOrTile[t] is the number of intra angular horizontally or vertically predicted
blocks in thp slice[t] or tile[t] using 4x4 granularity. At the encoder side, it is computed as follows:

ularHVInSliceOrTile[t] = NumAngularHV4x4Blocks[t]+
ngularHV8x8Blocks[t]+ 16 * NumAngularHV16x16Blocks[t]+ (66)

where NumAngularHV4x4Blocks[t], NumAngularHV8x8Blocks[t], NumAngularHV16x16Blocks][t],
NumAnguldqrHV32x32Blocks|[t] and NumAngularHV64x64Blocks[t] are the number of intra angular
or vertically* predicted 4x4, 8x8, 16x16, 32x32 and 64x64 blocks in the slice[t] or tjle[t]

NumAnguldrHVBlocksInSliceOrTile[t] is derived from portion_angular_hv_blocks_in_intra_area[t] and

positions are located in sub-sample position a, c, d or n, as defined in ISO/IEC 23008-2 and illustrated in
Annex B, in the slice[t] or tile[t]. When not present, is equal to 0.

NumBlocksACDNFilterings[t]
TotalNum4x4BlocksInSliceOrTile

%255 67
= ] 67)

NumBlocksACDNFilterings[t] is the number of prediction blocks whose luma samples positions
are located in sub-sample position a, ¢, d or n in the slice[t] or tile[t]. It is derived from portion_
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portion_blocks_h_b_filterings[t] indicates the portion of prediction blocks whose luma samples

positions are located in sub-sample position h or b, as defined in ISO/IEC 23008-2 and illustrated in
Annex B, in the slice[t] or tile[t]. When not present, is equal to 0.

portion_blocks_h_b_filterings[t]= Floor(

NumBlocksHBFilterings|t]
TotalNum4x4BlocksInSliceOrTile

%255
[t] ]

(68)

NumBlocksHBFilterings|t] is the number of prediction blocks whose luma samples positions are located
in sub-sample position h or b in the slice[t] or tile[t]. It is derived from portion_blocks_h_b_filterings][t]
and TotalNum4x4BlocksInSliceOrTile[t] in the decoder.

porfion_blocks_f_i_k_q_filterings[t] indicates the portion of prediction blocks whose Jujna samples

posi
Ann

Num
locat
filtel

por
are
slice

Num
in s
Tota

posi
Ann

Num
are

ions are located in sub-sample position f, i, k or g, as defined in ISO/IEC 23008-2 and
px B, in the slice[t] or tile[t]. When not present, is equal to 0.

NumBlocksFIKQFilterings|[t]
TotalNum4x4BlocksInSliceOrTile[t]

%25

portion _blocks _f_i_k_q_filterings[t]= Floor[

BlocksFIKQFilterings[t] is the number of prediction blocks whose luma samples p
ed in sub-sample positionf, i, k or q in the slice[t] or tile[t]. It is derived from portion_blo
ings[t] and TotalNum4x4BlocksInSliceOrTile[t] in the decoder;

cated in sub-sample position j, as defined in ISO/IEC23008-2 and illustrated in Any
[t] or tile[t]. When not present, is equal to 0.
*255]

Blocks]Filterings[t] is the number of prédiction blocks whose luma samples positions
b-sample position j in the slice[t] or\tile[t]. It is derived from portion_blocks_j_filte
Num4x4BlocksInSliceOrTile[t] in the decoder.

NumBlocks]Filterings|[t]
TotalNum4x4BlocksInSliceOrTile[t]

bortion _blocks _j_filterings[t]= Floor(

Rstrated in

5] (69)

psitions are
rks_f i k_q_

ion_blocks_j_filterings|[t] indicates the portion of prediction blocks whose luma samples positions

b

ex B, in the

(70)

are located
rings[t] and

ma samples

ions are located in sub-sample position e, g, p or 1, as defined in ISO/IEC 23008-2 and illustrated in

px B, in the slice[t] or tileft]xWhen not present, is equal to 0.

NumBlocksEGPRFilterings|[t]
TotalNum4x4BlocksInSliceOrTile|[t]

*2]

BlocksEGPR¥ilterings[t] is the number of prediction blocks whose luma sample
ocated insub-sample position e, g, p or r in the slice[t] or tile[t]. It is derived frd

5] (71)

S positions
m portion_

blocks_e_g ‘p-r_filterings[t] and TotalNum4x4BlocksInSliceOrTile[t] in the decoder.
portlion_deblocking_instances[t] indicates the portion of deblocking filtering instances i]ll the slice[t]
or tileftk
portion _deblocking _instances[t]=
NumDeblockingInstances[t] (72)

Floor

*2
4+« ChromaFormatMultiplier * TotalNum4x4BlocksInSliceOrTile][t]

:

NumDeblockingInstances[t] is the number of deblocking filtering instances in the slice[t] or

tile[t].

Chro

© ISO

maFormatMultiplier in the decoder.

/IEC 2019 - All rights reserved
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5.3 Interactive signalling for remote decoder-power reduction

5.3.1 General

For point-to-point video conferencing, each device contains a transmitter and a receiver. A local device
sends metadata that instructs the remote device to modify the decoding complexity of the bitstream
and thus reduce local decoder-power consumption.

5.3.2 Syntax

The syntax

s as givpn inTable 7

Table 7 — Syntax of interactive signalling for remote decoder-power reduction

Size (bits) Descriptor

dec_ops_r|

pduction_req 8 signediinteger

5.3.3 Signalling

The transm

so that ideg
matches the

5.3.4 Semantics

dec_ops_re
relative to
transmittern
percentage
operations.

6 Displas

lly, when the local decoder decodes the bitstream, the pewer saving of the local ded
power saving implied by the DOR-Req message.

duction_req indicates the requested percentage reduction of local decoding opera
the local decoding operations since the last dec_ops_reduction_req was sent to
or since the start of the video session;ifno earlier dec_ops_reduction_req was sent
is expressed as a signed integer. A negative percentage means an increase of decq
dec_ops_reduction_req is an intege®in the interval [-100, 100].

y power reduction using display adaptation

6.1 Genedral

With respect to the functional architecture, Display Adaptation (DA) provides green metd
comprised pf RGB-component statistics and quality indicators. The statistics are used to set dis
controls in the presentation subsystem so that desired quality levels and corresponding display p
reductions are attained.

6.2 Syntax

itter in each device sends a dec_ops_reduction_req (DOR-Reg] message to the attemtion
of the remdte encoder. This message requests the remote encoder to @djust its encoding param

bters
oder

ions

the
The
ding

data

play
DWer

6.2.1 Systems without a signalling mechanism from the receiver to the transmitter

The messag

e format given in Table 8 is used to send metadata from the transmitter to the receiver.

Table 8 — Message format for sending metadata from the transmiter to the receiver

Size (bits) Descriptor

num_cons

tant_backlight_voltage_time_intervals 2 unsigned integer

num_max_variations 2 unsigned integer

num_quality_levels 4 unsigned integer

for (j=0;j

< num_max_variations; j++) {

26
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Table 8 (continued)

max_variation[j] 8 unsigned integer

}

for (k = 0; k < num_constant_backlight_voltage_time_intervals;k++) {

constant_backlight_voltage_time_interval[Kk] 16 unsigned integer

for (j = 0; j < num_max_variations; j++) {

lower_bound[K][j] 8 unsigned integer
if (lower_bound[K][j] > 0) {
—tpper-boundikitt 8 unsignediinteger
}
rgb_component_for_infinite_psnr[K][j] 8 ufsigned|integer
for (i=1; i< =num_quality_levels; i++) {
max_rgb_component[K][j][i] 8 unsigned|integer
scaled_psnr_rgb[K][j][i] 8 unsigned|integer
}
)

6.2.2 Systems with a signalling mechanism from the receiver to the transmitter

The freceiver first uses the message format given in Table'9 to signal information to the trarjsmitter.

Table 9 — Message format for signalling information to the transmitter

Size (bits) Descriptpr
constant_backlight_voltage_time_interval 16 unsigned infeger
max_variation 8 unsigned infeger

The fransmitter then uses the message format shown in Table 10 to then signal metadata to the receiver.

Table 10 —'Message format for signalling metadata to the receiver

Size (bits) Descriptor
num_quality_levels 4 unsigned integer
lmller_bound 8 unsigned integer
if (lower_bouid > 0)

upper_bound 8 unsigned integer

. 1
TITsTgIed rceger

op

—F. e
I‘g U_CUIIPUIICIIU_IU TG _pPoSIIn

for (i=1;i< =num_quality_levels; i++) {

max_rgb_component[i] 8 unsigned integer
scaled_psnr_rgbl[i] 8 unsigned integer
)

6.3 Signalling

6.3.1 General

Display Adaptation Metadata can be carried in a transport stream as specified in ISO/IEC 13818-1 or
it can be carried in metadata tracks within the ISO base media file format (ISO/IEC 14496-12). When
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carried in a transport stream, Display Adaptation Metadata shall be signalled in accordance with 1ISO/
IEC 13818-1. When carried in metadata tracks within ISO base media file format, Display Adaptation
Metadata shall be signalled in accordance with ISO/IEC 23001-10.

6.3.2 Systems without a signalling mechanism from the receiver to the transmitter

Using the formatin 6.2.1, the transmitter sends a message to the receiver. The DA metadata is applicable
to the presentation subsystem until the next message containing DA metadata arrives.

6.3.3 Systems with a signalling mechanism from the receiver to the transmitter

Using the fi
time_interv]
format in 6|

subsystem fintil the next message containing DA metadata arrives.

6.4 Semd

num_const|
time interv

num_max_

the bitstream.

num_qualit
the NQLOP.

max_variaft
relative to
BacklightSa

rgb_component[Kk]|[j][i] and PeakSignal, as max rgb_component[k][j][i]/PeakSignal, for the

constant_ba
is the peak

max_variation is in the range [0,001, 0,1]-and is normalized to one byte by rounding after multip

by 2 048. T
where 0 <=

constant_backlight_voltage-time_interval[K] indicates the minimum time interval, in millisecc

that shall e

minimum time interval for which metadata is provided in the bitstream, where 0 <= k < num_consf{

backlight_v

lower_bound[K][j}rindicates if lower_bound[k][j] is greater than zero, then metadata for con

enhanceme

'st message format described in 6.2.2, 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:

ntics

ant_backlight_voltage_time_intervals indicates the number of censtant backlight/vo
s for which metadata is provided in the bitstream.

yariations indicates the number of maximum variations forwhich metadata is provid

y_levels indicates the number of quality levels that/are’enabled by the metadata, excly

ion[j] indicates the maximal change between backlight values of two successive frg
alingFactor[K][j][i] for that frame. BagklightScalingFactor[K][j][i] is derived from

icklight_voltage_time_interval, jth max_variation and ith quality level. PeakSignal var
Signal.

his is the jth maximal backlight change for which metadata is provided in the bitstr
< num_max_variations:

apse before theé backlight can be updated after the last backlight update. This is th

pltage_timeLintervals.

ht is-dvailable at the lowest quality level, for the kth constant_backlight_voltage_t

Fhe backlight value of the earlier frame. Thé backlight value for a frame is the Val:ﬂle of

age_
sage
ition

tage

bd in

ding

imes

ax_
kth
able

ying
eam,

nds,
p kth

ant_

trast
ime_

interval an

d\jti max_ variation. If lower bound[k][j] = 0, then contrast-enhancement metada

ta is

unavailable.

upper_bound[K][j] indicates for the kth constant_backlight_voltage_time_interval and jth max_
variation, if lower_bound[Kk][j] is greater than zero, then contrast enhancement is performed 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 saturated to
PeakSignal. The RGB components in the range (lower_bound[k][j], upper_bound[k][j]) are mapped
linearly onto the range (0, PeakSignal).

rgb_component_for_infinite_psnr[Kk][j] indicates for the kth constant_backlight_voltage_time_
interval and jth max_variation, the largest RGB component (as defined in 3.1) in the reconstructed
frames. Therefore, ScaledFrames[k][j][0] are identical to the reconstructed frames. The rgb_
component_for_infinite_psnr[Kk][j] defines a no-quality-loss operating point (NQLOP) and consequently
ScaledFrames[K][j][0] have a PSNR of infinity relative to the reconstructed frames.
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max_rgb_component[K][j][i] indicates for the kth constant_backlight_voltage_time_interval, jth max_
variation and ith quality level, the maximum RGB component (as defined in 3.1) that is retained in the
frames, where 1 <=i <= num_quality_levels.

NOTE1 max_rgb_component[k][j][0] = rgb_component_for_infinite_psnr[k][j].

scaled_psnr_rgb[K][j][i] indicates the PSNR of ScaledFrames[Kk][j][i] relative to the reconstructed
frames. ScaledFrames[Kk][j][i] are for the kth constant_backlight_voltage_time_interval, jth max_
variation and ith quality level, the frames obtained from the reconstructed frames by saturating to
max_rgb_component[Kk][j][i] all RGB components that are greater than max_rgb_component[k][j][i],
where 0 <=1i <= num_quality_levels.

The PSNR is defined as follows:
caled_psnr_rgb[Kk][j][i]=

PeakSignal2 #*width *height = N (73)

*
colour Nframes

N N PeakSignal 2
framesz colour g Ncn(l)*(l_xs )
n=1 c=1 =X +1 ’

Clip| Round| 10log

for O < i <= num_quality_levels,

where

wvidth  is the width of a video frame;

height  is the height of a video frame;

Neolour 1S the number of colour channels. For’'RGB colourspace, Neglour = 3;
Verames 1S the number of frames in the réconstructed frames;

Nen (1) is the number of RGB components that are set to [ in the nth frame of colour-chjannel c in
reconstructed frames;

Ks is max_rgb_compgnent[K][j][i].
NOTE 2  scaled_psnr_rgb[K][j][0] is associated with the NQLOP. It is not transmitted, but understood to be

mathematically infinite.

7 Energy-efficient media selection

7.1 | General

The [gréen metadata specified in this clause can enable a client in an adaptive streamfng session,
suchas DASH, to determine decoder and display power-saving characteristics of avallable video
Representations and to select the Representation with the optimal quality for a given power-saving.

Two types of green metadata are defined as follows:

— decoder-power indication metadata gives the potential decoder power saving of each available
Representation of a video Segment;

— display-power indication metadata gives the maximum potential display power saving of a video
Segment for a specified number of quality levels. This metadata is computed without any constraint
on the maximal backlight change between two successive frames and with no practical restriction
on the minimum time interval between backlight updates. Therefore, using the semantics of 6.4,
the metadata is produced with the assumptions that max_variation is mathematically infinite and
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that constant_backlight_voltage_time_interval is less than or equal to the interval between two

sSuccess

ive frames.

7.2 Syntax

The decoder-power indication metadata is a pair of decoder operations reduction ratios, as shown in

Table 11.

Table 11 — Pair of decoder operations reduction ratios forming the decoder-power indication

metadata
Size (bits) Descriptor
dec_ops_refluction_ratio_from_max 8 unsigned.integer
dec_ops_regluction_ratio_from_prev 16 signed'integer
The displayj-power indication metadata contains a list of ms_num_quality_levels pairs, as shown in
Table 12.
Table 12 — List of ms_num_quality_levels pairs contained in the display-power indication
metadata
Size-(bits) Descriptor
ms_num_quality_levels 4 unsigned integer
ms_rgb_cdmponent_for_infinite_psnr 8 unsigned integer

for(i=1;i

< =ms_num_quality_levels; i++) {

ms_max |

rgb_component[i] unsigned integer]

ms_scaleld_psnr_rgbli] unsigned integer]
}
7.3 Signalling
Decoder angl Display Power Indication Metadata can be carried in metadata tracks within the ISO |base

media file fq

In the conte
metadata R
Representa
and illustra

7.4 Semd

rmat (ISO/IEC 14496-12)..Méetadata shall be signalled in accordance with ISO/IEC 2300

xt of DASH delivery,a specific Adaptation Set within the MPD can define the available g
epresentations and:their association to the available media Representations. Metd
ions shall be signalled in MPD in accordance with ISO/IEC 23009-1 and ISO/IEC 230
fed in Annex B.

ntics

7.4.1 De(

1-10.

reen
data
09-3

oder-power indication metadata semantics

dec_ops_reduction_ratio_from_max(i) indicates the percentage by which decoding operations are
reduced in the ith Representation compared to the most demanding Representation of the current video

Segment:

dec_ops_reduction _ratio_from_max (i)=Floor

MaxNumDecOps —NumDecOps (i) 100
%k

MaxNumDecOps

(74)

MaxNumDecOps is the estimated number of decoding operations required for the most demanding
Representation of the current video Segment.

NumDecOps(i) is the estimated number of decoding operations required for the ith Representation of

the current

30

video Segment.
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dec_ops_reduction_ratio_from_prev(i) indicates the percentage by which decoding operations are
reduced in the currentvideo Segment compared to the previous video Segment for the ith Representation
in a given DASH Period. A negative value means an increase in decoding operations:

NumPrevDecOps(i)—NumDecOps(i)
NumDecOps(i)

dec_ops_reduction _ratio_from_prev(i)=Floor %100 | (75)

If the current video Segment is the first Segment of a DASH Period, then dec_ops_reduction_ratio_from_
prev(i) = 0.

NumPrevDecOps(i) is the estimated number of decoding operations required for the ith Representation
of thle previous video Segment in a given DASH Period. If the current video Segment is the-first segment

ofal

7.4.4
ms_
ms_

vide

aver
reta

NOTE

ms_
over
as dg

NOT
math

8

8.1

An
Segn
com

_max_rgb_component[i] indicates, for the ith quality level\(I' <= i <= num_quality

DASH Period, then NumPrevDecOps(i) = NumDecOps(i).

Display-power indication metadata semantics
hum_quality_levels indicates the number of quality levels that are enabléd by the met4

-gb_component_for_infinite_psnr indicates the average, over the‘N reconstructed fr
b Segment, of the largest RGB component (as defined in 3.1) in eachjof the reconstructe

hge, over the N reconstructed frames of the video Segment,of the maximum RGB comp
ned in each of the reconstructed frames.

1 ms_max_rgb_component[0] = ms_rgb_component.for_infinite_psnr.

scaled_psnr_rgb[i] indicates, for the ith qualitylevel (1 <= i <= num_quality_levels), {
the N reconstructed frames in the video ségment, of scaled_psnr_rgb[i] computed for
fined in 6.4, with Nframes = 1.

2 ms_scaled_psnr_rgb[0] is associated with the NQLOP. It is not transmitted, but unde|
ematically infinite.

Metrics for quality recavery after low-power encoding

General

encoder can achieve power reduction by encoding alternating high-quality and
hents, in a segmented delivery mechanism such as DASH. The power reduction occurs b

the

utilized, by-thie decoder, in conjunction with the last frame of the prior high-quality Segmen
the quality of the low-quality Segment and, thereby, ameliorate any negative visual impd
describes in detail how cross-segment decoding may be used to improve the quality of the

blexity encedinig mechanisms are used to produce the low-quality Segments. A metri
uality of'the last picture of each Segment is delivered as metadata to the decoder. T

hdata.

ames of the
d frames.

| levels), the
nent thatis

he average,
each frame

rstood to be

low-quality
ecause low-
" describing
he metric is
F to enhance
ct. Annex B

low-quality

Segments.

8.2

Syntax

The encoder embeds the following message in the last picture of each Segment using the syntax given
in Table 13.

Table 13 — Syntax

Size (bits) Descriptor
xsd_metric_type 8 unsigned integer
xsd_metric_value 16 unsigned integer
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8.3 Signalling

SEI messages can be used to signal quality recovery Metadata in an AVC stream. The green metadata
SEI message payload type for AVC shall be set in accordance with ISO/IEC 14496-10. The complete
syntax of the green metadata SEI message payload shall be in accordance with Annex A.

The SEI message for green metadata can be used to signal the preceding message as explained in

Annex A.

8.4 Semantics

xsd_metriq_type indicates the type of the objective quality metric as shown in Table 14. PSNR, as
defined in I§O/IEC 23001-10, is the only type currently supported.

Table 14 — Value and description of xsd_metric_type

Value Description

0x00 PSNR

0x01-0xFF User-defined

xsd_metriq_value contains the metric value of the last picture of the Segiment. When xsd_metric_ftype
e stored 16-bit unsigned integer xsd_metric_value is interpreted as a floating-point FSNR
value (in dB) as follows:

is 0, then th

PSNR =

xsd_metric_value

100

9 Conformance and reference software

Conforman

(76)

e files and reference software for green metadata shall be used in accordance with Annex C.

32
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Annex A
(normative)

Supplemental enhancement information (SEI) syntax

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

A.1.I1 General

This|clause describes the payload syntax and semantics if payloadType 56 appears.in an AYC NAL unit
with|nal_unit_type set to 6.

A.1.p Syntax

Table A.1 — Syntax — AVC NAL unit

Descriptor

gre¢n_metadata(payload_size)

grepn_metadata_type u(8)
switch (green_metadata_type) {
cage 0:
period_type u(8)

if (period_type ==2) || ( period_type == 7 }{

num_seconds u(16)

dlse if ( period_type == 3) || ( peridd_type ==8) {

num_pictures u(16)

if (period_type==8) {

temporal_map
for (t=0; t<8;t++) {
if ( (temporal_map>>t)%2 == 1)

num,_pictures_in_temporal_layers|t]

}

)

if ( period_type <=3){
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 (i=0; i<= num_slice_groups_minus1; i++ ) {

num_slices_minus1[i] u(16)

}
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Table A.1 (continued)

for (i=0; i<= num_slice_groups_minus1; i++) {

for (j=0; j<=num_slices_minus1[i]; j++ ) {

first_mb_in_slice[i][j] u(16)
portion_non_zero_8x8_blocks[i][j] u(8)
portion_intra_predicted_macroblocksJi][j] u(8)
portion_six_tap_filteringsl[i][j] u(8)
portion_alpha_point_deblocking_instances[i][j] u(8)
}
}
}
else if ( geriod_type >=5) && ( period_type <=8) {
num_lpyers_minus1 u(16)
for (1=P; I<= num_layers_minus1; I++ ) {
picture_parameter_set_id[l] u(8)
prigrity_id[1] u(6)
dependency_id[l] u(3)
quality_id[I] u)
temiporal_id[l] u(3)
portion_non_zero_8x8_blocks[]] u(8)
portion_intra_predicted_macroblocks[]] u(8)
portion_six_tap_filterings|l] u(8)
portion_alpha_point_deblocking_instances[l] u(8)
}
}
break;
case 1:
xsd_mefric_type u(8)
xsd_mefric_value u(16)
break;
default:
}
A.1.3 Semantics
green_metadata_type specifies the type of metadata that is present in the SEI message. If grjeen_
metadata_tipe—ts——then—complexity mebries—arepresent—OtherwiseHgreen—mekadatatypelis 1,

then metadata enabling quality recovery after low-power encoding is present. Other values of green_
metadata_type are reserved for future use by ISO/IEC.

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

A.2.1 General

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.
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A.2.2 Syntax

Table A.2 — Syntax — HEVC NAL unit

Descriptor
green_metadata( payload_size )
green_metadata_type u(8)
switch (green_metadata_type ) {
case 0:
riod-type u(8)
iff (period_type==2){ N
hum_seconds q>) u(16)
} AN
e|se if ( period_type ==3){ ~ ’
num_pictures O‘Q\) u(16)
} -V
iff ( period_type <=3){ ‘OE-)
portion_non_zero_blocks_area (-\\ N u(8)
f (portion_non_zero_blocks_area!=0){ \ >~
portion_8x8_blocks_in_non_zero_area (‘3\ ) u(8)
portion_16x16_blocks_in_non_zero_area (\<< u(8)
portion_32x32_blocks_in_non_zero_area QV u(8)
S
portion_intra_predicted_blocks_area Q) u(8)
f (portion_intra_predicted_blocks_ area ——QSS )R
portion_planar_blocks_in_intra ar@ u(8)
portion_dc_blocks_in_intra arp,g u(8)
portlon_angular_hv_blocks\lﬂ’ﬁmtra_area u(8)
N
plse {
portion_blocks g‘@} n_filterings u(8)
portlon_blocké'_}rﬂ)_flltermgs u(8)
portion_bAlQQ(s‘_'f_i_k_q_filterings u(8)
portionrﬁf(ﬁks j_filterings u(8)
port@a\f)locks_e_g_p_r_ﬂltermgs u(8)
\)
pﬁﬁen:debleeki-ng:iﬂs{-anccs u(8)
}
else if( period_type==4){
max_num_slices_tiles_minus1 u(16)
for (t=0; t<=max_num_slices_tiles_minus1; t++) {
first_ctb_in_slice_or_tile[t] u(16)
portion_non_zero_blocks_area[t] u(8)
if (portion_non_zero_blocks_area[t] = 0) {
portion_8x8_blocks_in_non_zero_area[t] u(8)
portion_16x16_blocks_in_non_zero_area|t] u(8)
portion_32x32_blocks_in_non_zero_area]t] u(8)
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Table A.2 (continued)

}
portion_intra_predicted_blocks_area]t] u(8)
if (portion_intra_predicted_blocks_area[t] == 255) {
portion_planar_blocks_in_intra_areaf[t] u(8)
portion_dc_blocks_in_intra_area]t] u(8)
portion_angular_hv_blocks_in_intra_area[t] u(8)
}
else {
portlion_blocks_a_c_d_n_filterings[t] u(8)
portIion_blocks_h_b_filterings[t] u(8)
portlion_blocks_f_i_k_q_filterings[t] u(8)
portIion_blocks_j_filterings[t] u(8)
portlion_blocks_e_g_p_r_filterings[t] u(8)
}
portigon_deblocking_instances[t] u(8)
}
}
break;
case 1:
xsd_medric_type u(8)
xsd_mefric_value u(16)
break;
default:
}

A.2.3 Semantics

green_metadata_type specifies the\type of metadata that is present in the SEI message. If grjeen_
metadata_type is 0, then complexity metrics are present. Otherwise, if green_metadata_type [is 1,
then metadpta enabling quality‘\recovery after low-power encoding is present. Other values of grjeen_

metadata_type are reserved(for‘future use by ISO/IEC.
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(informative)

1:2019(E)

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.

5.2.4
predicted_macroblocks, portion_six_tap_filterings “and portion_alpha_point_deblockin

The

of portion_six_tap_filterings and portion_alpha_point_deblocking_instances

To |
Max

5.2.4

bloc
bloc
posi
repr

B.1.

To d
refer

¢ dynamic voltage frequency scaling (C-DVFS) uses the DVFS technique to, Scale 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 complexitymretrics (CMs) m¢
ates picture-decoding complexity. It uses these CMs to determine and 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.

P Derivation of the complexity metrics

specifies these four CMs associated to AVC: portion_non_zero_8x8_blocks, po

computation of the first two CMs, as explained'in 5.2.4, is straightforward. However, ¢

rovide a better understanding of these two CMs, the next two subclauses de
NumSixTapFilteringsPic(i) and MaxNumAlphaPointDeblockingInstancesPic(i) are deriy

ks_h_b_filterings, portion_blocks_f i_k_q_filterings, portion_block_s_j__f_ilt:eri_ngs an
xs_e_g_p_r_filterings. To previde a better understanding of these five CMs, the different
iona, b,c,d, e fgh, ik n, p, qandr, are represented in Figure B.1, where upper-

bsent integer samples and lower-case letters represent sub-sample positions derived.

.1 Deriving the -worst-case, largest value for MaxNumSixTapFilteringsPic(i)

btermine MaxNumSixTapFilteringsPic(i), the following terms, as defined in ISO/IEC 14
enced: metion vector, PicSizeInMbs, reference picture list. At the decoder, the worst-(

intefpolated. The 4x4 blocks produce the largest number of STFs because the overhead from i

num{

is mor¢

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

rtion_intra_
b_instances.
omputation
involved.
scribe how
red.

h

s, portion_
d portion_
sub-sample
case letters

496-10, are
ase, largest
cks that are

er of:6:tap filterings (STFs) occurs in a picture when all partitions consist of 4x4 blo

terpolating

sampleSthat 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, cg, dg, ec, fg, gc, ha, ic, jc, kc, nG, pe, qc, rc. If the MV points to ag, then the
decoder shall compute ag and the 15 points (ay, ay, ...) that have the same respective relative locations
toH, ], M\,N,P,Q,R,S,VVW,T,U,X, Y that ag has to G. Similarly, the decoder would need to compute
16 points for each of the other fractional-sample positions (bg, cg, ..., rg) that the MV could 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 could point to.
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V points to bg, then'to interpolate bg, the decoder shall apply 1 STF to E, F, G, H, I, ] whic
available as integer samples. So 16 STFs are needed to compute bg, ..., by for the 4x4 blg

V points-t0.hg, then to interpolate hg, the decoder shall apply 1 STFto A, C, G, M, R, T W
ady available as integer samples. So 16 STFs are needed to compute hg, ..., hy for the 4x4 b

V. points to jg, then to interpolate jg, the decoder shall apply 6 STFs to compute aa, bb, b

AL 'y

h are
ck.

rhich
lock.

) SM)

gg, hh

So 7 STFs are required for jg.

+la Hdalal 1. ST dod & a3 L Lla_ 1o hh
CLAUST IS T AT T UITdAVAITdUIC INTAL, " 1T S TT TS TICTTUTU TU L UTITPUTT G TT UTINAdd, UU, UG, SM, 8§56 .

a) To getjwm, the decoder needs bb, bg, sum, gg, hh, ii. Only ii is unavailable. So 2 STFs are needed for
jM (one for ii and one for jy).

b) To getjr, the decoder needs 2 STFs (one for jj and one for jgr).

c) To getjr, the decoder needs 2 STFs (one for kk and one for jr).
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d) Therefore, for jg, jm, jr and jt, the decoder needs 7 + 2 + 2 + 2 = 13 STFs. Since the computation
is identical for each of the four columns GMRT, HNSU, IPVX and JQWY, the decoder needs

4)

13 *4 =52 STFs to compute jg, ... jy for the 4x4 block.

therefore 16 STFs to compute ag, ..., ay for the 4x4 block.

5)

therefore 16 STFs to compute cg, ..., cy for the 4x4 block.

6)

thaorofore 16 STES tocompute-d
e Ero &0 o0 o to-corHpate&

dforthe 4v4d hlack
T O e axa-DrO-Cis

7)

8)

9)

10)

11)

12)

13)

14)

15)

Fron
Sinc

G

f the MV points to ng, then to interpolate ng, the decoder needs 1 STF to get hg (fr
'herefore 16 STFs to compute ng, ..., ny for the 4x4 block.

fthe MV points to fg, then to interpolate fg, the decoder needs 7 STFs to get jg (from (3)).b
n these 7 STFs. Therefore, from (3), 52 STFs are required to compute fg, ..(fy for the 4x4 H

f the MV points to ig, then to interpolate ig, the decoder needs 7 ST¥s-to get jg. hgis c
bne of these 7 STFs. Therefore, 52 STFs are required to compute(g; ... iy for the 4x4 blq
hnalysis, the row jg, ju, ji, jj is computed first (to obtain hg) and\tlien this process is repg
bther 3 rows (MNPQ, RSVW, TUXY) in the 4x4 block. Previously, in (3), Column GMRT w
first and the analysis was then repeated for the other 3 columns (HNSU, IPVX, JQWY).

fthe MV points to kg, then to interpolate kg, the decoder needs 7 STFs to get jg. mg is c
bne of these 7 STFs. Therefore, 52 STFs are requiredto compute Kg, ... Ky for the 4x4 blo

fthe MV points to qg, then to interpolate qg, the'decoder needs 7 STFs to get jg. sgis ¢
bne of these 7 STFs. Therefore, 52 STFs are fequired to compute qg, ... qy for the 4x4 blo

f the MV points to eg, then to interpolate‘eg, the decoder needs 2 STFs to get bg and I
[2)). Therefore 32 STFs are needed toscompute eg, ..., ey for the 4x4 block.

fthe MV points to gg, then to intérpolate gg, the decoder needs 2 STFs to get bg and my
B2 STFs are needed to compute.gg, ..., gy for the 4x4 block.

fthe MV points to pg, thén to interpolate pg, the decoder needs 2 STFs to get hg and s(
B2 STFs are needed to compute pg, ..., py for the 4x4 block.

fthe MV points tog, then to interpolate rg, the decoder needs 2 STFs to get mg and s(
B2 STFs are neé€ded to compute rg, ..., ry for the 4x4 block.

1 (1),...,(15)).the worst-case, largest number of STFs is 52, when the MV points to jg, g,
e the ovérhead of filtering samples outside the block is smaller for larger block sizes, the

STFs

pictTre list). In this case, the worst-case, the largest number of STFs in a picture is

is whierrall partitions are 4x4 blocks and two MVs are used for each block (one from ea

If the MV points to ag, then to interpolate ag, the decoder needs 1 STF to get bg (from (1)) and

If the MV points to cg, then to interpolate cg, the decoder needs 1 STF to get bg (from (1)) and

If the MV points to dg, then to interpolate dg, the decoder needs 1 STF to get hg (from (2)) and

bm (2)) and
;isincluded
lock.

pmputed by
ck. For this
ated for the
as analysed

omputed by
ck.

pmputed by
ck.

G (from (1),
. Therefore,

. Therefore,

. Therefore,

ig, kg or qg.
b worst case
*h reference

MaxNumSixTapFilteringsPic(i)=(worst-case number of STFs in a 4x4 block )

(worst-case number of reference picture lists)#*(PicSizeInMbs)*

(number of 4x4 luma blocks in a macroblock)=52+2+PicSizeInMbs 16 =

1664 *PicSizeInMbs
B.1.2.2 Deriving the worst-case, largest value for MaxNumAlphaPointDeblockingInstancesPic(i)

(B.1)

To determine MaxNumAlphaPointDeblockinglnstancesPic(i), 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.
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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 example, Edge (IV, V) refers to the vertical edge between Columns IV and V. Similarly, Edge (xii, xiii)
indicates the horizontal edge between Rows xii and xiii. The leftmost vertical edge and the topmost
horizontal edge are denoted by (0, I) and (0, i) respectively.

The maximum number of APDIs occurs when the 4x4 transform is used on each block and a single APDI
occurs in every set of eight samples across a 4x4 block horizontal or vertical edge denoted as p; and g;
withi=0,..]3 as shown in ISO/TEC 14496-10:—, Figure 8-11.

For the madroblock in Figure B.2, the Vertical Edges (0, 1), (IV, V), (VIII, IX) and (XII, XIII) axe filtered
first. Then the Horizontal Edges (0,i), (iv, v), (viii, ix) and (xii, xiii) are filtered. Now, when,Vertical Edge
(0, I} is filtgred, in the worst-case, an APDI occurs on each row of the edge because the\qg Samples 1,
17, ... 241 ane all APDIs. Therefore, 16 APDIs occur in Vertical Edge (0, I). Similarly, when Vertical Edge
(IV, V) is fi%[ered, there are also 16 APDIs corresponding to the 16 (po, qo) sample\pairs (20, 21), (36,

37), ... (244, 245). Thus, there are 16 * 4 = 64 APDIs from vertical-edge filtering. After horizontal-
edge filtering, there is an additional 64 APDIs because each horizontal edge(Contributes 16 APDIS. For
example, Horizontal Edge (viii, ix) contributes the 16 APDIs correspondingto the (po, qo) sample pairs
(113,129), (114, 130), ..., (128, 144). Hence, in the worst-case, deblockingthe luma block in a macroblock
produces 128 APDIs.

Next, considler the two chroma blocks corresponding to the lumalock in the macroblock. The wprst-
case numbefr of APDIs is determined by the chroma sampling relative to the luma sampling.
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NOTE

I I m v v VI vii | vim | X X XI xu | xm | xav | 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

i 33 36 37 40 41 44 45

iv 49 [ 50 | 31 52 53 54 | 55 56 57 58 | 59 | 60 61 62 63 64
v 65 | 66 | 67 68 69 70 | 71 72 73 74 |75 | 76 77 78 79 80
vi 81 84 85 88 89 92 93

vii 97 100 | 101 104 | 105 108 | 109

vili | 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, 131 | 142 | 143 | 144
X 145 148 | 149 152 | 153 156 | 157

xi 161 164 | 165 168 | 169 172 | 173

xii 177 | 178 | 179 | 180 | 181 | 182 | 183 | 184 | 185 |(186 | 187 | 188 | 189 | 190 | 191 | 192
xiii | 193 | 194 | 195 | 196 | 197 | 198 | 199 | 200~{\201 | 202 | 203 | 204 | 205 | 206 | 207 | 208
xiv | 209 212 | 213 216 | 217 220 | 221

xv | 225 228 | 229 232 | 233 236 | 237

xvi | 241 244 | 245 248 | 249 252 | 253 256

Upper-case roman numerals reference columns of samples and lower-case roman numerj
rows|of samples.

Figure B.2 — 16x16 luma block

1) For each-chroma block in 4:2:0 format, two vertical edges and two horizontal edges

Fach.edge contributes 8 APDIs, in the worst-case. So, 8 * 4 * 2 = 64 APDIs are produce
case’deblocking of the two chroma blocks.

bls reference

hre filtered.
d by worst-

2) For 4:2:2 format, two vertical edges and four horizontal edges are filtered. Each vertical edge
contributes 16 APDIs and each horizontal edge contributes 8 APDIs. So, 2 * (2 * 16 + 4 * 8) = 128
APDIs are produced by worst-case deblocking of the two chroma blocks.

3) For 4:4:4 format, the worst-case analysis for each chroma block is identical to that of the 16x16
luma block. Therefore, 256 APDIs are produced by worst-case deblocking of the two chroma blocks.

4) Finally, for separate colour planes, the worst-case analysis of a 16x16 block is identical to that a
16x16 luma block.
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To conclude, since each picture has PicSizeInMbs macroblocks, the worst-case number of APDIs per

picture, is a

s follows:

MaxNumAlphaPointDeblockinglnstancesPic(i)

=PicSizeInMbs # (128 + 64 ) =192 *PicSizeInMbs, for 4:2:0,
=PicSizeInMbs * (128 +128) = 256 * PicSizeInMbs, for 4:2:2,
=PicSizeInMbs # (128 +256) =356 *PicSizeInMbs, for 4:4:4,

=128*PicSizelnMbs, for a single colour plane

(B.2)

B.1.3 Exdmple usage of C-DVFS metadata

C-DVFS met
therefore b
SEI-messag
period begi
a single gr
shows an e
determinat
is a single
intra_predi
instances. K
derived: ny
filterings (n
derived, the

C

picture

where Cpjct

number of Bits per picture (npjt) can be easily gbtained after de-packetizing the encapsulated pac

and parsing
constants f
single-bit p
tap filtering
for a typica
a previous

adata may be signalled at a slice, layer, picture, group of pictures, or scene level’and
e adapted to application requirements. Signalling may be done with SEI messages.
b signalling, each time the SEI message is encountered by the decoder,,a.new upcoi
hs. The value period_type indicates whether the new upcoming period(is a single pic
up of pictures, or a time interval (specified in seconds or numbercof-pictures). Figu

on and decoding under DVFS control. As an example, assume that the upcoming p4
icture. Then, the SEI message is parsed to obtain portion_nonvzero_8x8_blocks, por
'ted_macroblocks, portion_six_tap_filterings and portion_num_alpha_point_debloc}
rom these portion values and the corresponding worst-ecase instances the four CMj
m_non_zero_8x8_blocks (npz), num_intra_predicted amacroblocks (njntra), num_six|
six), and num_alpha_point_deblocking_instances (ng). Once the complexity parameter
total picture complexity (Cpicture) is estimated pf'predicted according to Formula (B-3

init *NMB +kbit N iy +knz Ny +kintra *Nintra +ksix *N gy +ka Ny

re is the total picture complexity. The total number of macroblocks per picture (nyp) an
the sequence parameter set. Constants Kinit, Kbit, Knz, Kintra, Ksix, and Ky are unit-compl
hrsing, non-zero block transform and quantization, intra-block prediction, inter-block
, and deblocking alpha-peints filtering, respectively. kyz, Kintra, and Ksix are fixed const

platform, while kjnjt, kpig and kq can be accurately estimated using a linear predictor
ecoded picture.

Once the pi

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

The DVFS-dnabling>SEI message can be inserted into the bitstream on a slice-by-slice, layer-by-1
picture-by-pictureé, scene-by-scene, or even time-interval-by-time-interval basis, depending on
underlying ppplication. Therefore, the SEI message can be inserted once at the start of each pic

ture complexity-is determined, the decoder applies DVFS to determine a suitable

can
With
mning
ture,
re 1

kample process for metadata extraction, complexity prediction, DVFS control-paranpeter

riod
rion_
(ing _
are
tap_
5 are

):
[B.3)
d the

kets
bXity

br performing macroblock initialization (including parsed data filling and prefetchling),

six-
ants
from

rlock
[ the

ayer,
the

ture,

scene, or time interval. A scene-interval or time-interval inserted message requires less overhead than
a picture-level inserted message. For processors that do not support high-frequency DVFS (e.g. adapting
at 33 ms for 30 Hz video playback), setting period_type to an interval is preferable to setting period_
type to a picture. Once all complexity metrics are obtained from the SEI message, the decoder estimates
the complexity for the next slice, layer, picture, group of pictures, or time interval as indicated by
period_type. This complexity is then used to adjust the voltage and frequency for the upcoming period.

In a hardware (ASIC) implementation, instead of deriving decoding complexity and using it directly to
control a single clock frequency in a DVFS scheme, the ASIC can be designed so that it includes several
distinct clock domains, each of which corresponds to one of the terms in Formula (B-3). Greater power
reduction can be obtained by using such a flexible ASIC with distinct clock domains. For example, six
clock domains in the ASIC can control the following six sections of the ASIC: macroblock initialization, bit
parsing, transform and quantization, intra-block prediction, interpolation, and deblocking. To achieve
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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: Kipit * nMB, Kbit * Nbit, Knz *
Nnz, Kintra * Nintra, Ksix * Nsix, and Kq * nq.

AVC bitstream + metadata

'
—' DeMUX l

I ., =
iNnz, Nintra, Nsix, Na

A J
' Complexity Prediction t--knz, kintra, ksix
AVC bitstream i

:Cfra me

A
DVFS Control

kinit, kbit, ka determined
1 Frequency, from previous frame

]
v Voltage

AVC Decoder
(with Complexity Profiler)

I Decoded Video

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

B.2 | Display adaptation

B.2. General

Display Adaptation (DA) achievespower savings by scaling up the RGB components in the refonstructed
frames while reducing the ba¢klight or voltage proportionally. The decreased backlight or voltage
reduces display power consumption while still producing the same perceived display. The metadata in
.1 can be stored usingithe file format specified in ISO/IEC 23001-10 or the metadata can he carried in
sport stream as-specified in ISO/IEC 13818-1.

B.2.p Exampletusage of display-adaptation metadata

B.2.2.1 General

The [metadata scaled_psnr_rgb[i] indicates the PSNR for the ith quality level. At the fransmitter,

reco ctructad framac ara Aauailahla vaathin tha anecadar and CoqaladBEramaclil ic actimatad hy Saturatlng
1St etteaahe Saireavaiaore - Wieh-ttre-ehecoaeraha ot ar eSS esStHhdre a

all RGB components of reconstructed frames to max_rgb_component[i]. The ScaledFrames[i] thus
obtained are what would be perceived at the display after the receiver scales the RGB components of
reconstructed frames by (PeakSignal/max_rgb_component[i]), PeakSignal variable being the peak
signal, and then applies the backlight scaling factor, b = (max_rgb_component[i] /PeakSignal) to the LCD
backlight. scaled_psnr_rgb[i] is computed at the transmitter using PeakSignal and by assuming that the
noise is the difference between ScaledFrames[i] and reconstructed frames accumulated over R, G and B
components, as explained in 6.4.

The receiver examines the (num_quality_levels + 1) pairs of metadata and selects the pair (max_rgb_
component[iSelected], scaled_psnr_rgb[iSelected]) for which scaled_psnr_rgb[iSelected]isan acceptable
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 PeakSignal/max_rgb_
component[iSelected] and it scales the backlight or voltage level by max_rgb_component[iSelected]/
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PeakSignal. After backlight scaling, the displayed pixels are perceived as ScaledFramesJ[iSelected]. 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 alist 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 RBLL[3] = 0 %. When
the user watches a video, the device monitors the actual RBLL, denoted RBLLactual, of the device and
selects RBLL[iSelected] so that RBLL[iSelected-1] > RBLLactual > RBLL[iSelected], where RBLL[0] =
100 %. For each frame to be displayed, the device examines the display-adaptation metadata and selects

the pair in
where Q[0]
adaptation

lexed by jSelected for which Q[iSelected-1| > scaled_psnr_rgb|jSelected] > Q[iSeled
= infinity. The metadata max_rgb_component[jSelected] is then used to determinedis
bcaling parameters. Thus, the device implements a protocol that strikes a balance-bety

ted],
blay-
veen

perceived quality and power-saving. The balance is tilted toward quality when the RBLL s high but

shifts towat

B.2.2.2 Ex

At low qual
for bright c
factor b =

bound. If it
stores upp¢
backlight sc
component,

Sx)=0q,

= H

=H

The intervz

applying thie backlight scaling factor, b, to the display, the interval (lower_bound, upper_boun

perceived v
(lower_bout
(upper_bou
PeakSignal
PeakSignal]

From the py

;Elltent. To enhance contrast at the lowest quality level associate@dwith the backlight sc

for x in (lower_bound, upper_bound};

d power saving as the battery is depleted.

fample usage of display-adaptation metadata for contrast enhancement

ty levels, contrast enhancement significantly improves perceived yisual quality, espec

ax_rgb_component[num_quality_levels]/PeakSignal), the(receiver first examines lo
is greater than zero, then contrast enhancement metadata is available and the rec
br_bound. The presentation subsystem performs contrast enhancement by setting
aling factor to b = (max_rgb_component[num_quality levels]/PeakSignal), and for each
x, of reconstructed frames, the following scaling£0)S(x) is performed:

for x in [0, lower_bound],

eakSignal * (x-lower_bound)/(upper_botind - lower_bound),

eakSignal, for x in [upper_bound) PeakSignal]

il (lower_bound, upper.beund) is mapped to the interval (0, PeakSignal). Then,

sually as the interval (0, b * PeakSignal). Therefore, for RGB components within the int¢
nd, upper_bound});the perceived contrast enhancement is proportional to b * PeakSig
hd - lower_bound]. This expression simplifies to b/(upper_bound - lower_bound), bec
s a constant. For RGB components within the intervals [0, lower_bound] and [upper_bg
all contrastis lost because these intervals are mapped to 0 and PeakSignal, respectivg

ecedifig'observation, it is clear that the contrast is maximized by determining lower_b

and upper_}

ially
hling
wer_
piver

the
RGB

hfter
d) is
brval
nal/
ause
und,

ly.

bund

pornd’so that the majority of RGB components lie w1th1n the interval (lower_ bound upl

atthe transmltter First, determme the BackllghtScalmgFactor correspondmg to the lowest quallty level
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as b = max_rgb_component[num_quality_levels]/PeakSignal. Then, invoke the following pseudocode
function get_contrast_metadata() to determine lower_bound and upper_bound.

// Given RGB components, X, of reconstructed frames with
// cumulative distribution function, C(x), the function get_contrast_metadata() returns
// lower_bound and upper_bound.
[lower_bound, upper_bound] = get_contrast_metadata(C(x)) {
// C(x): Cumulative distribution function of RGB components of reconstructed frames.
max_enhancement = 0;
for (lower_bound = 0; lower_bound < PeakSignal; lower_bound++){
for (upper_bound = lower_bound; upper_bound < PeakSignal; upper_bound++){
nhancement = (C(upper_bound) - C(lower_bound)) / (upper_bound - lower_bound)
if (enhancement > max_enhancement) {
ax_enhancement = enhancement;
est_lower_bound = lower_bound;
est_upper_bound = upper_bound;
)
}
}
return (best_lower_bound, best_upper_bound);

}

Althpugh 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_boungd (or upper_
bound) settings on successive video frames. To avoid such flicker, the lower_bound and upper_bound
metgdata should be smoothed temporally using the pseudo-code function smooth_contrast|metadata()
shown below.

// Gven a video sequence with frameNum in [#;...,N], first smooth the lower bounds by
// applying the function recursively to all frames by issuing
// smooth_contrast_metadata(LowerBouhds,1),
/] -
// smooth_contrast_metadata(LowerBounds,N)
// Then smooth the upper bounds by issuing
// smooth_contrast_metadata(UpperBounds,1),
/] -
// smooth_contrast_metadata(UpperBounds,N)
// where
// LpwerBounds: vecter of lower_bound metadata for the N frames
// UpperBounds:‘vector of upper_bound metadata for the N frames
void smooth_e¢ontrast_metadata(Vector, frameNum) {
// Vector: véctor of metadata to be smoothed
// flameNum: current frame number
cur F Vector[frameNum]
prev=Vector[frameNum - 1]
if Abs((cur - prev) / prev) > Threshold { // Check whether the metadata variation between
// successive frames exceeds the threshold.
if (cur < prev) { // if the current frame’s metadata are lower than the previous frame’s metadata,
// then increase the current frame’s metadata so that it reaches the acceptable
// threshold.

Vector[frameNum] = prev * (1 - Threshold)

} else { // increase the previous frame’s metadata so that it reaches the acceptable
// threshold. Then adjust the metadata for all preceding frames.
Vector[frameNum - 1] = cur / (1 + Threshold)
smooth_contrast_metadata(Vector, frameNum - 1)

}
}
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The value of Threshold is display independent and can be set to 0,015, which corresponds to a 1,5 %
metadata variation between successive frames.

B.2.2.3 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 the backlight (or voltage). This is impossible in most practical
implementations because there is a significant latency of D milliseconds between the instant when the
backlight scaling control is applied and the instant when the backlight actually changes, in response to
the control. If D is sufficiently large, then the backlight values are not synchronized with the displayed

frames an

flickering is visible. Fortunately, DA metadata eliminates this flickering. Becaus

the

receiver ob
ahead of th
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frame. This
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fains the metadata in advance, the backlight scaling factor can be applied D millisec
e video frame with which that scaling factor is associated. Therefore, by transmi
he latency issue is solved and the backlight scaling factor will be set appropriately for
avoids flicker from backlight changes during video display.

ptadata for DA on displays with control-frequency limitations

inating flicker arising from backlight-control latency, DA metadata can also enable DA
splays in which the backlight (or voltage) cannot be changed frequently. For such disp
cklight has been updated, it shall retain its value for a time interval that spans the dur
hber of successive frames. After the time interval has elapsed,the backlight may be upd
etadata allows the backlight to be set appropriately for the specified time interval so
wer reduction and minimal RGB-component saturation occurs. This appropriate back

h] over which the backlight shall remain constant. The aggregated histograms are
jve DA metadata, as explained in preceding subclauses. To enable this mode of opera
shall signal to the transmitter, constant_bdcklight_voltage_time_interval, the time int¢
fhe backlight (or voltage) shall remain constant. Alternatively, the transmitter may ass
e value for constant backlight voltage tifue interval.

y available displays, setting constant_backlight_voltage_time_interval to 100 millisec
to prevent flicker. Therefore, setting num_constant_backlight_voltage_time_interval
nt_backlight_voltage_time_interval[0] = 100 is sufficient to prevent flicker arising

uency limitations. However, in the future, a new display technology with consf{
bltage_time_interval significantly different from 100 milliseconds may be invented. Dt
bn period from the current display technology to the new display technology, two t
will be widely used:and it will be necessary to set num_constant_backlight_voltage_t
P, to support both-display types. The preceding mode of operation assumes that a signa
from the receiver to the transmitter does not exist.

such a gighalling mechanism does exist, then the receiver can explicitly signal const
bltage-time_interval to the transmitter as explained in 6.2.2 and 6.3.3. If the transm
lly. capable of re-computing the display adaptation metadata to be consistent with
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nstant_backlight_voltage_time_interval, then the re-computed metadata can subsequ

ently

be provide

to the receiver.

B.2.2.5 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 (or voltage) settings (defined as
BacklightScalingFactor in 6.4) of successive video frames. To avoid such flicker, a transmitter can use
the function below to adjust the backlight setting of each frame. Specifically, if the relative backlight
variation between a frame and its predecessor is larger than a threshold, then the backlight values of all
preceding frames shall be adjusted. This adjustment is done at the transmitter after metadata has been
computed using one of the methods described in the preceding subclauses.

For example, for a targeted quality level, the transmitter would estimate max_rgb_component and the
corresponding BacklightScalingFactor for each of N frames. Given max_variation (normalized to 255),
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the transmitter applies adjust_backlight() with the specified max_variation threshold computed as the
floating-point number (max_variation/2 048). This function adjusts the vector of BacklightScalingFactor
values for the N frames so that the relative backlight variation between successive frames is less than
max_variation. After the backlight values have been adjusted, the DA metadata is modified, if necessary,
to be consistent with the adjusted backlight values.

// Given a video sequence with frameNum in [1,...,N], apply the function
// recursively to all frames by issuing
// adjust_backlight(Backlights,1,max_variation),

Y/

// adjust_backlight(Backlights,N,max_variation)

void adjust backlight(Backlights, frameNum. max variation) {

// Bdcklights: vector of BacklightScalingFactor values

// frameNum: current frame number

// max_variation: maximum permissible backlight variation between two

// copsecutive backlight values

cur 4 Backlights[frameNum]

prev|= Backlights[frameNum - 1]

if Abs((cur - prev) / prev) > max_variation { // Check whether the backlight variation betweén

// successive frames exceeds the threshold.

if (cyr < prev) { // 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.
Bagklights[frameNum] = prev * (1 - max_variation)

telsg { // increase the previous frame’s backlight so that it reaches the acceptable

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

Bagklights[frameNum - 1] = cur / (1 + max_variation)

adjpst_backlight(Backlights, frameNum - 1, max_variation)

}
}

For p given display, large values of max_variatien<induce more flicker but also save more power.
Therjefore, the selected value of max_variation is'a>compromise between flicker reductior] and power
saving. The max_variation metadata guarantees that the receiver will not experience flicker because
the Backlights are adjusted specifically for thie'receiver’s display.

On durrently available displays, settingiZmax_variation = 0,015 * 2 048 is sufficient to preyent flicker.
Theijefore, setting num_max_variations = 1 and max_variation = 0,015 * 2 048 is sufficienf to prevent
flickpr arising from control-frequency limitations. However, in the future, a new display| technology
withf max_variation significantlydifferent from 0,015 * 2 048 may be invented. During thle transition
peri¢d from the current display-technology to the new display technology, two types of displays will be
widgly used and it will be 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 [tfransmitter
doegnot exist.

Howgver, if such-asignalling mechanism does exist, then the receiver can explicitly signal max_variation
to the transmitter as explained in 6.3.3. If the transmitter is additionally capable of re-computing the
display adaptation metadata to be consistent with the signalled max_variation, then the rg-computed
metgdata can subsequently be provided to the receiver.

B.3 Energy-efficient media selection in adaptive streaming

B.3.1 General

This clause explains how the green metadata for adaptive streaming can be computed at the server and
how such metadata can be used at the client.

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

Given N video Representations, the decoder-power indication metadata dec_ops_reduction_ratio_
from_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 for i = 0 to N-1, as shown in Figure B.4.
The display-power indication metadata is computed from one Representation.
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Figure B.4 — Green metadata computation and insertion

itio-Max(i) associated with each video Representation i of-a'\Segment is computed a$ the

power-savipg ratio from the most demanding video Representatiofi~produced for the Segmenft, as

defined in 7
The DOR-R:

power-savipg ratio from the previous Segment of the same Representation, as defined in 7.4.1.

To produce
Segment, t

as a numbef of processing cycles.

(4.1.

itio-Prev(i) associated with each video Representation i of a Segment is computed a$ the

the normative green metadata DOR-RatiorMax(i) and DOR-Ratio-Prev(i) for a given
encoding system needs to estimate the decoding complexity of each video Representation,

Each sampl¢ which contains the DOR-Ratio values is then stored in a specific metadata file “$id$/$ Time$.
mp4m” (on¢ for each Segment) using the format specified in ISO/IEC 23001-10. In the DASH context,
the metadafta files created for one or niultiple video Representations are considered as metgdata
Representations. The available metadata Representations are signalled in a specific Adaptation Set
within the NIPD. The association of athetadata Representation with a media Representation is signplled
in the MPD fthrough the @associationld and @associationType attributes. A metadata Segment arld its

associated

The decod
Representa

edia Segment(s) are time aligned on Segment boundaries.

er-power indication metadata Representation is associated with a single njedia
ion as shown\in Figure B.5.

48

© ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=4dca23c07a79ba560097b0851d8bc41d

ISO/IEC 23001-11:2019(E)

N\
als = al%= L |
Qo © ISqRe) ©
P Nel ° P Re) °
B £ B E =
1 ” .\I -
T T
Metadata
Seq_num = 1 Seq_num =N Adaptation Set
Swaf6 “waf6 | (multiple
| | ’> representation)
| |
| |
al%s = - l8= .
Qo © Qo ©
29 o 2 O o
o e = i - =
t } Y
Seq_num =1 Seq_num =K
-Trar & “trat 4
ofe] ® [9 = BT R E NV
P el i) of © P el i) of T '\’
BlEl E |E| E Blgl E |E] EN
o - - t g 'L\/
e Segym |
“trak’ 6 Q edia
“tref’ track 1 ’cdsc’ | (b | Adaptation Set
1 % > (mbpltiple
: | repregentation)
. <</C) .
| |
: W
ol5| & |5 & lels| B 5| B
o © |9 © 2ol © |o| © Y,
o|g| E |E| E @) B|E|l E |E| E
+ 1
T
Seq

| K
trak’ 1 Seq_num =1 Q _num =K
“trak’ 4 “traf 1 Q -traf 1
N -tref track 1 ’cdsc’ » N J

Segment #N

O

Figure B.5 — One metadata&é)resentation for one media Representation|

N

-

Initia\léation

~
Segment #1
Segment

© ISO/IEC 2019 - All rights reserved 49


https://iecnorm.com/api/?name=4dca23c07a79ba560097b0851d8bc41d

ISO/IEC 23001-11:2019(E)

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:schemalLocation="urn:mpeg:DASH:schema:MPD:xxxx"
type="dynamic"

minimumUpdatePeriod="PT23"

timeshift £ int y%—]ﬁ—"ﬁ"l" fanVidll
availabilfityStartTime="2011-12-25T12:30:00"
minBufferflime="PT4S"

profiles="prn:mpeg:dash:profile:isoff-1ive:2011">

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

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

<Period>
<!-- video -->
<AdaptajtionSet

id="vfideo"
mimeTlype="video/mp4"
codecf="avcl.4D401F"
frameRate="30000/1001"
segmeptAlignment="true"
startflithSAP="1">
<BaseJRL>video/</BaseURL>
<SegmentTemplate timescale="90000" media="$Bandwidth$/$Time$ .mp4v">
<SepmentTimeline>
< t="0" d="180180" r="4320>
</SpgmentTimeline>
</SegphentTemplate>
<Reprsentation id="w0l /width="320" height="240" bandwidth="250000"/>
<Reprsentation ids!'v1l" width="640" height="480" bandwidth="500000"/>
<Reprsentatiof/rd="v2" width="960" height="720" bandwidth="1000000"/>
</AdaptptionSet>

<!-- Enpglish Audio -->

<AdaptajterSet mimeType="audio/mp4" codecs="mp4a.0x40" lang="en" segmentAlignment="0">

<SegmentTemplate timescale="48000" media="audio/en/$Time$.mpda">
<SegmentTimeline>
<S t="0" d="96000" r="432"/>
</SegmentTimeline>
</SegmentTemplate>

<Representation id="al0" bandwidth="64000" />
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</AdaptationSet>
<!-- French Audio -->
<AdaptationSet mimeType="audio/mp4" codecs="mp4a.0x40" lang="fr" segmentAlignment="0">
<SegmentTemplate timescale="48000" media="audio/fr/$Time$.mpda">
<SegmentTimeline>
<S t="0" d="96000" r="432"/>
</SegmentTimeline>
</SegmentTemplate>

<Representation id="a0" bandwidth="64000" />

/AdaptationSet>
<!--AdaptationSet carrying Green Video Information for Video -->
AdaptationSet id="green video" codecs="depi"/>
<BaseURL>video green depi/</BaseURL>
<SegmentTemplate timescale="90000" media="$id$/$Time$.mpdm">

<SegmentTimeline>

<S t="0" d="180180" r="432"/>

</SegmentTimeline>
</SegmentTemplate>
<Representation id="gv0" bandwidth="1000" associationkd="Ww0" associationType="cdsc"[>
<Representation id="gv1l" bandwidth="1000" associationld="v1" associationType="cdsc"[>
<Representation id="gv2" bandwidth="1000" associafionId="v2" associationType="cdsc"[>
/AdaptationSet>

</fperiod>

</MHD>

The display-power indication metadatads 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 7.4.1. This metadata is produfed without
consfidering any constraint on maxiyariation, the maximal backlight variation between tw¢ successive
franies. It is also assumed that the-backlight can be updated on each frame so that constanf_backlight_
voltdge_time_interval is the-inter-frame interval. Therefore, the display power-indication metadata
provlides the maximum power saving for a given quality level.

The |display-power iddication 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
metgdata Representation is associated with all the available media Representations as shown in
Figuye B.6.
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The following XML file provides an example of an MPD for display-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="PT2S"

ti Sho oD £ imY f#k—"n’T‘Qf\l\/l"
avlpilabilityStartTime="2011-12-25T12:30:00"
mijnBufferTime="PT4S"

profiles="urn:mpeg:dash:profile:isoff-1ive:2011">

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

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

<Heriod>
!-- Video -->
AdaptationSet

id="video"
mimeType="video/mp4"
codecs="avcl.4D401F"
frameRate="30000/1001"
segmentAlignment="true"
startWithSAP="1">
<BaseURL>video/</BaseURL>
<SegmentTemplate timescale="90000" media="$Bandwidth$/$Time$.mpdv">
<SegmentTimeline>
<S t="0" d="18018QMx="432"/>
</SegmentTimeline>
</SegmentTemplates
<Representatieomdd="v0" width="320" height="240" bandwidth="250000"/>
<Representation id="v1" width="640" height="480" bandwidth="500000"/>
<Represéptation i1id="v2" width="960" height="720" bandwidth="1000000"/>
/AdaptatfonSet>
!5 Ehglish Audio -->

AddptationSet mimeType="audio/mp4" codecs="mp4a.0x40" lang="en" segmentAlignment="0"

<SegmentTemplate timescale="48000" media="audio/en/$Time$.mpda">
<SegmentTimeline>
<S t="0" d="96000" r="432"/>
</SegmentTimeline>
</SegmentTemplate>
<Representation id="al0" bandwidth="64000" />
</AdaptationSet>

<!-- French Audio -->
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