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Foreword

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

work. In the f
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¢lId of information technology, ISO and IEC have established a joint technical commitiee, ISO/IEC J1
btandards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

of the joint technical committee is to prepare International Standards. Draft International Stan
joint technical committee are circulated to national bodies for voting. Publicatiop-as an Internaj
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6-10 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information technology, Subcominittee

b of audio, picture, multimedia and hypermedia information.
dition cancels and replaces the first edition (ISO/IEC 14496-10:2003) which has been technically revis
O/IEC 14496 is technically aligned with ITU-T Rec. H.264 but i§ not published as identical text.

6 consists of the following parts, under the general title Information technology — Coding of audio-

[ystems

(isual

udio

lonformance testing

eference software

elivery Multimedia Integration-Framework (DMIF)
Iptimized reference software for coding of audio-visual objects
Larriage of ISO/IEC A4496 contents over IP networks
eference hardware description

Advanced Video Coding

Scene description and application engine

ISO base media file format

Part 13:Unt

ed.

isual

‘7,.4,.17 (JDASD)

Part 14:
Part 15:
Part 16:
Part 17:
Part 18:
Part 19:

viii

electualProperty-Manasenrent-andProtection{IHMP)-extensions
MPA4 file format

Advanced Video Coding (AVC) file format

Animation Framework eXtension (AFX)

Streaming text format

Font compression and streaming

Synthesized texture stream
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Introduction

This clause does not form an integral part of this Recommendation | International Standard.

0.1

Prologue

This subclause does not form an integral part of this Recommendation | International Standard.

Ast

and gdvances in video coding technology have progressed, the need has arisen for an industry standard fc
videq representation with substantially increased coding efficiency and enhanced robustness to network

costs for both processing power and memory have reduced, network support for coded video datash

s diversified,
r compressed
Environments.

Towdrd these ends the ITU-T Video Coding Experts Group (VCEG) and the ISO/IEC Moving Picture Experts Group

(MP

0.2
This

This
movi
interr
flexil
allow
and r

0.3
This

This
inclu

Q) formed a Joint Video Team (JVT) in 2001 for development of a new Recommendation | Internatio

Purpose
kubclause does not form an integral part of this Recommendation | International Standard.

Recommendation | International Standard was developed in response te~the growing need for higher ¢
hg pictures for various applications such as videoconferencing, digital storage media, television
et streaming, and communication. It is also designed to enable the use of the coded video repre
le manner for a wide variety of network environments. The usg of this Recommendation | Internati
s motion video to be manipulated as a form of computer datadand to be stored on various storage med
pceived over existing and future networks and distributed on/existing and future broadcasting channels

Applications
subclause does not form an integral part of this\Recommendation | International Standard.

Recommendation | International Standardis designed to cover a broad range of applications for
ling but not limited to the following:

CATV  Cable TV on optical networks, copper, etc.

DBS Direct broadcast.satellite video services

DSL Digital subsctiber line video services

DTTB Digital tetrestrial television broadcasting

ISM Interactive storage media (optical disks, etc.)

MMM «Multimedia mailing

MSPN\& Multimedia services over packet networks

RTC Real-time conversational services (videoconferencing, videophone, etc.)

RVS Remote video surveillance

hal Standard.

pmpression of
broadcasting,
kentation in a
onal Standard
a, transmitted

ideo content

0.4

SOSM Serial storage media (digital V IK, etc.)

Profiles and levels

This subclause does not form an integral part of this Recommendation | International Standard.

This Recommendation | International Standard is designed to be generic in the sense that it serves a wide range of
applications, bit rates, resolutions, qualities, and services. Applications should cover, among other things, digital storage
media, television broadcasting and real-time communications. In the course of creating this Specification, various
requirements from typical applications have been considered, necessary algorithmic elements have been developed, and
these have been integrated into a single syntax. Hence, this Specification will facilitate video data interchange among
different applications.
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Considering the practicality of implementing the full syntax of this Specification, however, a limited number of subsets
of the syntax are also stipulated by means of "profiles" and "levels". These and other related terms are formally defined in
clause 3.

A "profile" is a subset of the entire bitstream syntax that is specified by this Recommendation | International Standard.
Within the bounds imposed by the syntax of a given profile it is still possible to require a very large variation in the
performance of encoders and decoders depending upon the values taken by syntax elements in the bitstream such as the
specified size of the decoded pictures. In many applications, it is currently neither practical nor economic to implement a
decoder capable of dealing with all hypothetical uses of the syntax within a particular profile.

In order to deal with this problem, "levels" are specified within each profile. A level is a specified set of constraints
imposed on values of the syntax elements in the bitstream. These constraints may be simple limits on values.

Alternatively
picture height

Coded video
achieve a sub)
signal the pre

0.5 Ove

This subclaus

The coded rej

quality. The allgorithm is not lossless, as the exact source sample values are typically-hot preserved through the enc

and decoding
algorithms (n
block-shaped
temporal stati
spatial statisti
specified for

to remove Sp|
typically disc
the motion v
encoded using

0.5.1
This subclaus

Because of th

specified. Intfa coding is done witheut-reference to other pictures. Intra coding may provide access points to the

sequence wh
efficiency. In|
values from s
pictures code

The applicati
generally not
decoder for d

Predictive coding

hey may take the form of constraints on arithmetic combinations ot values (e€.g. picture width multiplj
multiplied by number of pictures decoded per second).

content conforming to this Recommendation | International Standard uses a common syntax,In or
set of the complete syntax, flags, parameters, and other syntax elements are included in the)bitstrean
ence or absence of syntactic elements that occur later in the bitstream.

rview of the design characteristics
b does not form an integral part of this Recommendation | International Standard.

presentation specified in the syntax is designed to enable a high compression capability for a desired 1

processes. A number of techniques may be used to achieve, highly efficient compression. Enc
t specified in this Recommendation | International Standard), may select between inter and intra codit
regions of each picture. Inter coding uses motion vecters, for block-based inter prediction to e
stical dependencies between different pictures. Intra codifigwises various spatial prediction modes to e
Cal dependencies in the source signal for a single pictute. Motion vectors and intra prediction modes nj
W variety of block sizes in the picture. The predictién.residual is then further compressed using a tran
htial correlation inside the transform block befofe it is quantised, producing an irreversible proces
hrds less important visual information while forming a close approximation to the source samples. Fi
bctors or intra prediction modes are combined with the quantised transform coefficient informatio
either variable length codes or arithmetic€oding.

e does not form an integral patt.ef this Recommendation | International Standard.

e conflicting requirements of random access and highly efficient compression, two main coding typ

pre decoding can_begin and continue correctly, but typically also shows only moderate comprg
er coding (predictive or bi-predictive) is more efficient using inter prediction of each block of s:
bme previoushy.decoded picture selected by the encoder. In contrast to some other video coding stan
| using bi-predictive inter prediction may also be used as references for inter coding of other pictures.

n of the-three coding types to pictures in a sequence is flexible, and the order of the decoding proc
the same as the order of the source picture capture process in the encoder or the output order fro

ed by

ler to
h that

mage
pding
pding
ng for
xploit
kploit
ay be
sform
5 that
nally,
h and

ES are
toded
ssion
ymple
Hards,

ess 1S
m the

isplay. The choice is left to the encoder and will depend on the requirements of the application]

The

decoding order is specified such that the decoding of pictures that use inter-picture prediction follows later in decoding
order than other pictures that are referenced in the decoding process.

0.5.2

Coding of progressive and interlaced video

This subclause does not form an integral part of this Recommendation | International Standard.

This Recommendation | International Standard specifies a syntax and decoding process for video that originated in either
progressive-scan or interlaced-scan form, which may be mixed together in the same sequence. The two fields of an
interlaced frame are separated in capture time while the two fields of a progressive frame share the same capture time.
Each field may be coded separately or the two fields may be coded together as a frame. Progressive frames are typically
coded as a frame. For interlaced video, the encoder can choose between frame coding and field coding. Frame coding or
field coding can be adaptively selected on a picture-by-picture basis and also on a more localized basis within a coded
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frame. Frame coding is typically preferred when the video scene contains significant detail with limited motion. Field
coding typically works better when there is fast picture-to-picture motion.

0.5.3  Picture partitioning into macroblocks and smaller partitions

This subclause does not form an integral part of this Recommendation | International Standard.

As in previous video coding Recommendations and International Standards, a macroblock, consisting of a 16x16 block
of luma samples and two corresponding blocks of chroma samples, is used as the basic processing unit of the video
decoding process.

A macroblock can be further partltloned for 1nter predlctlon The selectlon of the size of 1nter predlctlon partitions is a
locks and the

the in
moti

a sanjple block can also involve the selection of the picture to be used as the reference picture from a nu

previ
near}

Typig

strean. This motion estimation process in the encoder and the selection of whether to use inter pred

ity of data needed to represent the data for motion compensatlon In this Recommendatlon | Internat
ter prediction process can form segmentations for motion representation as small as 4x4 luma sampley i
n vector accuracy of one-quarter of the luma sample grid spacing displacement. The process forintet
nber of stored
formed from

busly-decoded pictures. Motion vectors are encoded differentially with respect to predicted values|
y encoded motion vectors.

ally, the encoder calculates appropriate motion vectors and other data elements represented in t

onal Standard
in size, using
prediction of

he video data
iction for the

reprepentation of each region of the video content is not specified in this Recommendation | International Standard.

0.5.4] Spatial redundancy reduction

This pubclause does not form an integral part of this Recommendation¢ International Standard.

Both source pictures and prediction residuals have high spatial redundgncy. This
Recommendation | International Standard is based on the use.of.a block-based transform method for spatipl redundancy

remo
previ
are ¢
are z
trans

0.6
This

Itiss
for th
the o
for sq
most
synta
claus
integ

Anng

val. After inter prediction from previously-decoded.samples in other pictures or spatial-based py
busly-decoded samples within the current picture, ¢he,resulting prediction residual is split into 4x4 1
nverted into the transform domain where they are quantised. After quantisation many of the transfor|

ormation and quantisation in the encoder are\not specified in this Recommendation | International Staj

How to read this specification
subclause does not form an integral-part of this Recommendation | International Standard.

uggested that the reader statts with clause 1 (Scope) and moves on to clause 3 (Definitions). Clause 6
e geometrical relationship of the source, input, and output of the decoder. Clause 7 (Syntax and semar]
der to parse syntax elements from the bitstream. See subclauses 7.1-7.3 for syntactical order and see

syntax elements_is-specified in clause 9 (Parsing process). Finally, clause 8 (Decoding process) spe
k elements are.mapped into decoded samples. Throughout reading this specification, the reader s
bs 2 (Normative references), 4 (Abbreviations), and 5 (Conventions) as needed. Annexes A through |
al parteofithis Recommendation | International Standard.

x Asdefines three profiles (Baseline, Main, and Extended), each being tailored to certain application

pro or have low amplitude and can thus be represented with a small amount of encoded data. Th¢

ediction from
locks. These
m coefficients
processes of
ndard.

hould be read
tics) specifies
subclause 7.4

mantics; i.e., the seope, restrictions, and conditions that are imposed on the syntax elements. The actjal parsing for

tifies how the
hould refer to
£ also form an

domains, and

defini

bs the so-called levels of the prnﬁlpq Annex B cppr\iﬁpc cynfqy and semantics of 3 hyh: stream form

it for delivery

of coded video as an ordered stream of bytes. Annex C specifies the hypothetical reference decoder and its use to check
bitstream and decoder conformance. Annex D specifies syntax and semantics for supplemental enhancement information
message payloads. Finally, Annex E specifies syntax and semantics of the video usability information parameters of the
sequence parameter set.

Throughout this specification, statements appearing with the preamble "NOTE -" are informative and are not an integral

part of this Recommendation | International Standard.
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Part 10:
Advanced Video Coding
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Scope

document specifies ITU-T Recommendation H.264 | ISO/IEC International Standard 'FSO/IEC 14
.

Normative references

ollowing referenced documents are indispensable for the application of\this document. For dated re
dition cited applies. For undated references, the latest edition~ofthe referenced document (
dments) applies.

— ITU-T Recommendation T.35 (2000), Procedure,forothe allocation of ITU-T defined c
standard facilities

— ISO/IEC 11578:1996, Information technologyi— Open Systems Interconnection — Remd
Call (RPC)

— ISO/CIE 10527:1991, CIE standard colorimetric observers

Definitions
e purposes of this Recommendationjdnternational Standard, the following definitions apply.

access unit: A set of N4L units always containing exactly one primary coded picture. In a
primary coded picturel, an’ access unit may also contain one or more redundant coded pictures
units not containing slices or slice data partitions of a coded picture. The decoding of an acce
results in a decoded picture.

AC transformJcoefficient: Any transform coefficient for which the frequency index in one or bg
is non-zero)

adaptive binary arithmetic decoding process: An entropy decoding process that derives the
fromea bitstream produced by an adaptive binary arithmetic encoding process.

adaptive binary arithmetic encoding process: An entropy encoding process, not normatively s

496-10 video

ferences, only
ncluding any

bdes for non-

te Procedure

dition to the
or other NAL
s unit always

th dimensions

values of bins

ecified in this

m that can be

3.5

3.6

3.7
3.8

R dats | Tont 41 1 Qe dard ot d £ L d d Litadt
TCCOTTH I IO At TO T I T T At TO T T O A IO AT Ot - COUC S—d - SUHUC I U UT U175 —alii prottaT S —aUTisir

decoded using the adaptive binary arithmetic decoding process.

arbitrary slice order: A decoding order of slices in which the macroblock address of the first macroblock of
some slice of a picture may be smaller than the macroblock address of the first macroblock of some other

preceding slice of the same coded picture.

B slice: A slice that may be decoded using intra prediction from decoded samples within the same slice or inter
prediction from previously-decoded reference pictures, using at most two motion vectors and reference indices

to predict the sample values of each block.
bin: One bit of a bin string.

binarization: A set of bin strings for all possible values of a syntax element.
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3.9

3.10

3.11

3.12

3.13

3.14

3.15

3.16

3.17

3.18

3.19

3.19.1
3.20

3.21

3.22

3.23

3.24

3.25

3.26

3.27

3.28

binarization process: A unique mapping process of all possible values of a syntax element onto a set of bin
strings.

bin string: A string of bins. A bin string is an intermediate binary representation of values of syntax elements
from the binarization of the syntax element.

bi-predictive slice: See B slice.

bitstream: A sequence of bits that forms the representation of coded pictures and associated data forming one
or more coded video sequences. Bitstream is a collective term used to refer either to a NAL unit stream or a
byte stream.

block: An MxN (M-column by N-row) array of samples, or an MxN array of transform coefficients.

botfom field: One of two fields that comprise a frame. Each row of a bottom field is spatially\lqcated
imnpediately below a corresponding row of a top field.

botfom macroblock (of a macroblock pair): The macroblock within a macroblock pair, that:contaigs the
samples in the bottom row of samples for the macroblock pair. For a field macroblock, pair, the bpttom
madroblock represents the samples from the region of the bottom field of the frame thatylie within the spatial
regibn of the macroblock pair. For a frame macroblock pair, the bottom macroblocksrepresents the samplles of
the frame that lie within the bottom half of the spatial region of the macroblock pair.

broken link: A location in a bitstream at which it is indicated that some subsequent pictures in decoding prder
may contain serious visual artefacts due to unspecified operations performed‘in the generation of the bitstneam.

byte: A sequence of 8 bits, written and read with the most significant biton the left and the least significgnt bit
on the right. When represented in a sequence of data bits, the most significant bit of a byte is first.

byte-aligned: A position in a bitstream is byte-aligned when the{position is an integer multiple of 8 bits| from
the position of the first bit in the bitstream. A bit or byte orsyntax element is said to be byte-aligned wh¢n the
position at which it appears in a bitstream is byte-aligned.

byte stream: An encapsulation of a NAL unit stream_containing start code prefixes and NAL units as spefified
in Annex B.

can| A term used to refer to behaviour that is allowed, but not necessarily required.

catg¢gory: A number associated with each~syntax element. The category is used to specify the allocation of
synfax elements to NAL units for slicexddta partitioning. It may also be used in a manner determined Qy the
application to refer to classes~ of syntax elements in a manner not specified in| this
Recpmmendation | International-Standard.

chrpma: An adjective specifying that a sample array or single sample is representing one of the two dolour
difference signals related tosthe primary colours. The symbols used for a chroma array or sample are Cp and
Cr.

NOTE - The termiichroma is used rather than the term chrominance in order to avoid the implication of the use offlinear
ight transfer chatacteristics that is often associated with the term chrominance.

codpd field: A c¢oded representation of a field.

codpd frame: A coded representation of a frame.

codkdpicture—A—coded represantationrotapictire—A—coded pieturemaybeeithera—rcodedfreld-oratoded
frame. Coded picture is a collective term referring to a primary coded picture or a redundant coded picture, but
not to both together.

coded picture buffer (CPB): A first-in first-out buffer containing access units in decoding order specified in
the hypothetical reference decoder in Annex C.

coded representation: A data element as represented in its coded form.

coded video sequence: A sequence of access units that consists, in decoding order, of an IDR access unit
followed by zero or more non-IDR access units including all subsequent access units up to but not including
any subsequent /DR access unit.

component: An array or single sample from one of the three arrays (luma and two chroma) that make up a field
or frame.
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complementary field pair: A collective term for a complementary reference field pair or a complementary
non-reference field pair.

complementary non-reference field pair: Two non-reference fields that are in consecutive access units in
decoding order as two coded fields of opposite parity where the first field is not already a paired field.

complementary reference field pair: Two reference fields that are in consecutive access units in decoding
order as two coded fields and share the same value of the frame num syntax element, where the second field in
decoding order is not an IDR picture and does not include a memory management control operation syntax
element equal to 5.

context variable: A variable specified for the adaptive binary arithmetic decoding process of a bin by an

cauation-coptaininatrecentbhrdecoded-bins

1 M I=] J
DC transform coefficient: A transform coefficient for which the frequency index is zero in dll\difnensions.

decoded picture: A decoded picture is derived by decoding a coded picture. A decoded pictyre is either a
decoded frame, or a decoded field. A decoded field is either a decoded top field or a decoded bottqm field.

decoded picture buffer (DPB): A buffer holding decoded pictures for reference,-eutput reordeting, or output
delay specified for the hypothetical reference decoder in Annex C.

decoder: An embodiment of a decoding process.
decoding order: The order in which syntax elements are processed by the decoding process.

decoding process: The process specified in this Recommendation | International Standard [that reads a
bitstream and derives decoded pictures from it.

direct prediction: An inter prediction for a block for whiichho motion vector is decoded. Two difect prediction
modes are specified that are referred to as spatial direct prediction and temporal prediction mode.

decoder under test (DUT): A decoder that is tested for conformance to this Recommendation | International
Standard by operating the hypothetical stream*seheduler to deliver a conforming bitstream to thg decoder and
to the hypothetical reference decoder and cofriparing the values and timing of the output of the twp decoders.

emulation prevention byte: A byte equal to 0x03 that may be present within a NAL unit. THe presence of
emulation prevention bytes ensures-that no sequence of consecutive byte-aligned bytes in the NAL unit contains
a start code prefix.

encoder: An embodiment of an‘encoding process.

encoding process: A process, not specified in this Recommendation | International Standard, that produces a
bitstream conforming to-this Recommendation | International Standard.

field: An assembly of alternate rows of a frame. A frame is composed of two fields, a top fieldland a bottom
field.

field maeroblock: A macroblock containing samples from a single field. All macroblocks of a qoded field are
field mactoblocks. When macroblock-adaptive frame/field decoding is in use, some macroblodks of a coded
frame-may be field macroblocks.

field macroblock pair: A macroblock pair decoded as two field macroblocks.

field—scam—Aspecific sequentialorderimg—of transform coefficients thatdiffers—fromr thezig-zag scan by
scanning columns more rapidly than rows. Field scan is used for transform coefficients in field macroblocks.

flag: A variable that can take one of the two possible values 0 and 1.

frame: A frame contains an array of luma samples and two corresponding arrays of chroma samples. A frame
consists of two fields, a top field and a bottom field.

frame macroblock: A macroblock representing samples from the two fields of a coded frame. When
macroblock-adaptive frame/field decoding is not in use, all macroblocks of a coded frame are frame
macroblocks. When macroblock-adaptive frame/field decoding is in use, some macroblocks of a coded frame
may be frame macroblocks.

frame macroblock pair: A macroblock pair decoded as two frame macroblocks.
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3.59

3.60
3.61
3.62
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3.64

3.65

3.66

3.67

3.68

3.69

3.70

3.71

frequency index: A one-dimensional or two-dimensional index associated with a transform coefficient prior to
an inverse transform part of the decoding process.

hypothetical reference decoder (HRD): A hypothetical decoder model that specifies constraints on the
variability of conforming NAL unit streams or conforming byte streams that an encoding process may produce.

hypothetical stream scheduler (HSS): A hypothetical delivery mechanism for the timing and data flow of the
input of a bitstream into the hypothetical reference decoder. The HSS is used for checking the conformance of
a bitstream or a decoder.

I slice: A slice that is not an SI slice that is decoded using prediction only from decoded samples within the
same slice.

infdrmative: A term used to refer to content provided in this Recommendation | International Standard that is
not jan integral part of this Recommendation | International Standard. Informative content does not establish
any|mandatory requirements for conformance to this Recommendation | International Standard.

instantaneous decoding refresh (IDR) access unit: An access unit in which the primary coded picture| is an
IDH picture.

instantaneous decoding refresh (IDR) picture: A coded picture containing only sliceswith [ or SI slice|types
that| causes the decoding process to mark all reference pictures as "unused for réference" immediately| after
decpding the IDR picture. After the decoding of an IDR picture all following coded pictures in decoding prder
can[be decoded without inter prediction from any picture decoded prior to the DR picture. The first pictyire of
each coded video sequence is an IDR picture.

inter coding: Coding of a block, macroblock, slice, or picture that usgs‘inter prediction.

intgr prediction: A prediction derived from decoded samples of*reference pictures other than the cpirrent
decgded picture.

intna coding: Coding of a block, macroblock, slice, or picture that uses intra prediction.
intra prediction: A prediction derived from the decoded samples of the same decoded slice.
intrfa slice: See I slice.

invérse transform: A part of the decoding ptocess by which a set of transform coefficients are convertegl into
spatial-domain values, or by which a set of‘transform coefficients are converted into DC transform coefficlents.

laygr: One of a set of syntactical structures in a non-branching hierarchical relationship. Higher layers c¢ntain
lowpr layers. The coding layers arethe coded video sequence, picture, slice, and macroblock layers.

levdl: A defined set of constraints on the values that may be taken by the syntax elements and variables qf this
Recpmmendation | International Standard. The same set of levels is defined for all profiles, with most agpects
of the definition of eachlevel being in common across different profiles. Individual implementations|may,
within specified constraints, support a different level for each supported profile. In a different context, level is
the palue of a transform coefficient prior to scaling.

list P (list 1) otion vector: A motion vector associated with a reference index pointing into reference pjcture
list P (list 1)

list [0.‘@ist 1) prediction: Infer prediction of the content of a slice using a reference index pointing into
referercepietwretist-O-Hist4-

luma: An adjective specifying that a sample array or single sample is representing the monochrome signal
related to the primary colours. The symbol or subscript used for luma is Y or L.

NOTE — The term luma is used rather than the term luminance in order to avoid the implication of the use of linear light
transfer characteristics that is often associated with the term luminance. The symbol L is sometimes used instead of the
symbol Y to avoid confusion with the symbol y as used for vertical location.

macroblock: A 16x16 block of luma samples and two corresponding blocks of chroma samples. The division
of a slice or a macroblock pair into macroblocks is a partitioning.

macroblock-adaptive frame/field decoding: A decoding process for coded frames in which some
macroblocks may be decoded as frame macroblocks and others may be decoded as field macroblocks.

macroblock address: When macroblock-adaptive frame/field decoding is not in use, a macroblock address is
the index of a macroblock in a macroblock raster scan of the picture starting with zero for the top-left
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macroblock in a picture. When macroblock-adaptive frame/field decoding is in use, the macroblock address of
the top macroblock of a macroblock pair is two times the index of the macroblock pair in a macroblock pair
raster scan of the picture, and the macroblock address of the bottom macroblock of a macroblock pair is the
macroblock address of the corresponding fop macroblock plus 1. The macroblock address of the fop
macroblock of each macroblock pair is an even number and the macroblock address of the bottom macroblock
of each macroblock pair is an odd number.

macroblock location: The two-dimensional coordinates of a macroblock in a picture denoted by ( x, y ). For
the top left macroblock of the picture (x,y) is equal to (0, 0). x is incremented by 1 for each macroblock
column from left to right. When macroblock-adaptive frame/field decoding is not in use, y is incremented by 1
for each macroblock row from top to bottom. When macroblock-adaptive frame/field decoding is in use, y is

incremented by 2 for each macroblock pair row from top to bottom, and is incremented by a;

n additional 1

3.73

3.74

3.75

3.76

3.76.1

3.77

3.78

3.78.1

3.79

3.80
3.81
3.82

3.83

when a macroblock is a bottom macroblock.

macroblock pair: A pair of vertically contiguous macroblocks in a frame that is-'couple

d for use in

macroblock-adaptive frame/field decoding. The division of a slice into macroblock pairs is’a parfitioning.

macroblock partition: A block of luma samples and two corresponding blocks cofschroma san
from a partitioning of a macroblock for inter prediction.

macroblock to slice group map: A means of mapping macroblocks of \a* picture into slice
macroblock to slice group map consists of a list of numbers, one for gach coded macroblock,
slice group to which each coded macroblock belongs.

map unit to slice group map: A means of mapping slice group\map units of a picture into slic
map unit to slice group map consists of a list of numbers, oné-for each slice group map unit,
slice group to which each coded slice group map unit belongs:

may: A term used to refer to behaviour that is allowed;but not necessarily required. In some plg
optional nature of the described behaviour is intend€d to'be emphasized, the phrase "may or may
provide emphasis.

memory management control operation: Seven operations that control reference picture markii

motion vector: A two-dimensional vectorwsed for inter prediction that provides an offset from t
in the decoded picture to the coordinates in a reference picture.

must: A term used in expressing. an’ observation about a requirement or an implication of a requ
specified elsewhere in this Récommendation | International Standard. This term is used exc
informative context.

NAL unit: A syntax structure containing an indication of the type of data to follow and bytes d
data in the form of an RBSP interspersed as necessary with emulation prevention bytes.

NAL unit stream: A sequence of NAL units.
non-paired-field: A collective term for a non-paired reference field or a non-paired non-referenc

non-paired non-reference field: A decoded non-reference field that is not part of a compld
refererice field pair.

non-paired reference field: A decoded reference field that is not part of a complementary referer|

ples resulting

groups. The
specifying the

e groups. The
specifying the

ces where the
hot" is used to

g.

e coordinates

rement that is
usively in an

ontaining that

b field.

mentary non-

ce field pair.

3.84
3.85
3.86

3.86.1
3.87
3.88

non-reference field: A field coded with nal_ref_idc equal to 0.
non-reference frame: A frame coded with nal_ref idc equal to 0.

non-reference picture: A picture coded with nal ref idc equal to 0. A non-reference picture i
inter prediction of any other pictures.

s not used for

note: A term used to prefix informative remarks. This term is used exclusively in an informative context.

opposite parity: The opposite parity of top is bottom, and vice versa.

output order: The order in which the decoded pictures are output from the decoded picture buffer.
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3.89

3.90

3.91
3.92
3.93
3.93.1

3.94

3.95
3.96

3.97
3.98

3.99

3.100
3.101
3.102

3.103

3.104

3.105

3.106

3.107

3.108

P slice: A slice that may be decoded using intra prediction from decoded samples within the same slice or inter
prediction from previously-decoded reference pictures, using at most one motion vector and reference index to
predict the sample values of each block.

parameter: A syntax element of a sequence parameter set or a picture parameter set. Parameter is also used as
part of the defined term quantisation parameter.

parity: The parity of a field can be top or bottom.
partitioning: The division of a set into subsets such that each element of the set is in exactly one of the subsets.

picture: A collective term for a field or a frame.

pictureparameter-Set—ASyrtox StTaCtTe CONtaTmg Syrtaxeterments—tatappty tozeroor moreentire goded

picthres as determined by the pic_parameter_set id syntax element found in each slice header.

picture order count: A variable having a value that is non-decreasing with increasing pictuié jposition in
output order relative to the previous /DR picture in decoding order or relative to the, previous pjcture
confaining the memory management control operation that marks all reference pictures“as “unused for
refefence”.

pregliction: An embodiment of the prediction process.

pregliction process: The use of a predictor to provide an estimate of the sample fvalue or data element curfently
beirlg decoded.

preflictive slice: See P slice.

preflictor: A combination of specified values or previously decoded-sample values or data elements used jn the
decoding process of subsequent sample values or data elements.

primary coded picture: The coded representation of a pi¢fure to be used by the decoding process|for a
bitsfream conforming to this Recommendation | International Standard. The primary coded picture contains all
madroblocks of the picture. The only pictures that havéanormative effect on the decoding process are prjmary
codgd pictures. See also redundant coded picture.

profile: A specified subset of the syntax of this Recommendation | International Standard.
quantisation parameter: A variable used bythe decoding process for scaling of transform coefficient levgls.

ranflom access: The act of starting the‘decoding process for a bitstream at a point other than the beginnjng of
the ftream.

rasfer scan: A mapping of a rectangular two-dimensional pattern to a one-dimensional pattern such thht the
firsy entries in the one-dimensional pattern are from the first top row of the two-dimensional pattern scjnned
frorp left to right, followed: similarly by the second, third, etc. rows of the pattern (going down) each scfnned
from left to right.

raw byte sequence* payload (RBSP): A syntax structure containing an integer number of byfes that is
encapsulated ind NAL unit. An RBSP is either empty or has the form of a string of data bits containing syntax
elements followed by an RBSP stop bit and followed by zero or more subsequent bits equal to 0.

raw byte-sequence payload (RBSP) stop bit: A bit equal to 1 present within a raw byte sequence pdyload
(RBSP)after a string of data bits. The location of the end of the string of data bits within an RBSP zEn be
identified by searching from the end of the RBSP for the RBSP stop bit, which is the last non-zero bit in the
RBSP.

recovery point: A point in the bitstream at which the recovery of an exact or an approximate representation of
the decoded pictures represented by the bitstream is achieved after a random access or broken link.

redundant coded picture: A coded representation of a picture or a part of a picture. The content of a
redundant coded picture shall not be used by the decoding process for a bitstream conforming to this
Recommendation | International Standard. A redundant coded picture is not required to contain all
macroblocks in the primary coded picture. Redundant coded pictures have no normative effect on the
decoding process. See also primary coded picture.

reference field: A reference field may be used for inter prediction when P, SP, and B slices of a coded field or
field macroblocks of a coded frame are decoded. See also reference picture.
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3.110
3.111

3.112

3.113
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reference frame: A reference frame may be used for inter prediction when P, SP, and B slices of a coded
frame are decoded. See also reference picture.

reference index: An index into a reference picture list.

reference picture: A picture with nal_ref idc not equal to 0. A reference picture contains samples that may be
used for inter prediction in the decoding process of subsequent pictures in decoding order.

reference picture list: A list of short-term picture numbers and long-term picture numbers that are assigned to
reference pictures.

reference picture list 0: A reference picture list used for inter prediction of a P, B, or SP slice. All inter
prediction used for P and SP slices uses reference picture list 0. Reference picture list 0 is one of two reference

3.114

3.115

3.116

3.117
3.118

3.119

3.12(
3.12(0.1

3.120.2

picture lists used for inter prediction for a B slice, with the other being reference picture list 1.

reference picture list 1: A reference picture list used for inter prediction of a B slice. Referenc
is one of two lists of reference picture lists used for inter prediction for a B slice, with the other b
picture list 0.

reference picture marking: Specifies, in the bitstream, how the decoded pictures are may
prediction.

reserved: The term reserved, when used in the clauses specifying some-values of a particular s)
are for future use by ITU-T | ISO/IEC. These values shall not b€ used in bitstreams confo
Recommendation | International Standard, but may be used” in future
Recommendation | International Standard by ITU-T | ISO/IEC.

residual: The decoded difference between a prediction of a sample or data element and its decodg

run: A number of consecutive data elements represented in the decoding process. In one contes
of zero-valued transform coefficient levels preceding/a non-zero transform coefficient level
transform coefficient levels generated by a zig-zag.scan or a field scan. In other contexts, run refe
of macroblocks.

sample aspect ratio: Specifies, for cassisting the display process, which is not sped
Recommendation | International Standard,”the ratio between the intended horizontal distancg
columns and the intended vertical .distance between the rows of the /uma sample array in a f#
aspect ratio is expressed as /:v, where / is horizontal width and v is vertical height (in arbitrary v
distance).

scaling: The process of multiplying transform coefficient levels by a factor, resulting in transform

sequence parameter set:' A synfax structure containing syntax elements that apply to zero or mof
video sequences as\determined by the content of a seq parameter set id syntax element found
parameter set refetred to by the pic_parameter set id syntax element found in each slice header.

shall: A term'used to express mandatory requirements for conformance to this Recommendation
Standard, “When used to express a mandatory constraint on the values of syntax elements or
obtained.by operation of the specified decoding process, it is the responsibility of the encoder to
constraint is fulfilled. When used in reference to operations performed by the decoding process,
process that produces identical results to the decoding process described herein conforms to

extensions

b picture list 1
bing reference

ked for inter

ntax element,
rming to this
of this

d value.

(t, the number
in the list of
'S to a number

ified in this
between the
nme. Sample
nits of spatial

coefficients.

e entire coded
in the picture

| International
on the results
ensure that the
any decoding
the decoding

process requirements of this Recommendation | International Standard.

3.120.3

3.121

3.122

3.123

should: A term used to refer to behaviour of an implementation that is encouraged to be followed under
anticipated ordinary circumstances, but is not a mandatory requirement for conformance to this
Recommendation | International Standard.

SI slice: A slice that is coded using prediction only from decoded samples within the same slice and using
quantisation of the prediction samples. An SI slice can be coded such that its decoded samples can be
constructed identically to an SP slice.

skipped macroblock: A macroblock for which no data is coded other than an indication that the macroblock is
to be decoded as "skipped". This indication may be common to several macroblocks.

slice: An integer number of macroblocks or macroblock pairs ordered consecutively in the raster scan within a
particular slice group. For the primary coded picture, the division of each slice group into slices is a
partitioning. Although a slice contains macroblocks or macroblock pairs that are consecutive in the raster scan
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3.124

3.125

3.126
3.127

3.128

3.129

3.130

3.131

3.132

3.133

3.134
3.135
3.136
3.137
3.138

3.139

3.140

3.141

3.142

3.143

within a slice group, these macroblocks or macroblock pairs are not necessarily consecutive in the raster scan
within the picture. The addresses of the macroblocks are derived from the address of the first macroblock in a
slice (as represented in the slice header) and the macroblock to slice group map.

slice data partitioning: A method of partitioning selected syntax elements into syntax structures based on a
category associated with each syntax element.

slice group: A subset of the macroblocks or macroblock pairs of a picture. The division of the picture into
slice groups is a partitioning of the picture. The partitioning is specified by the macroblock to slice group map.

slice group map units: The units of the map unit to slice group map.

slice header: A part of a coded slice containing the data elements pertaining to the first or all macroblocks
repriesented in the slice.

soufce: Term used to describe the video material or some of its attributes before encoding.

SP slice: A slice that is coded using inter prediction from previously-decoded reference picturesy using aff most
one|motion vector and reference index to predict the sample values of each block. An SP slice can be ¢oded
such that its decoded samples can be constructed identically to another SP slice or an S/ sfice’

stant code prefix: A unique sequence of three bytes equal to 0x000001 embedded in the byte stream as a prefix
to epch NAL unit. The location of a start code prefix can be used by a decoder-to identify the beginning of a
new NAL unit and the end of a previous NAL unit. Emulation of start code ptefixes is prevented withinf NAL
unifs by the inclusion of emulation prevention bytes.

stripg of data bits (SODB): A sequence of some number of bits represefiting syntax elements present within a
rawl byte sequence payload prior to the raw byte sequence payload stop bit. Within an SODB, the left-mqst bit
is cpnsidered to be the first and most significant bit, and the right-mest bit is considered to be the last and least
signfificant bit.

subtmacroblock: One quarter of the samples of a macroblock, i.e., an 8x8 luma block and two correspohding
chr¢ma blocks of which one corner is located at a cornérof the macroblock.

subtmacroblock partition: A block of luma samples and two corresponding blocks of chroma samples
resylting from a partitioning of a sub-macroblock for inter prediction.

switching I slice: See SI slice.

swifching P slice: See SP slice.

synfax element: An element of datavepresented in the bitstream.

syntax structure: Zero or more syntax elements present together in the bitstream in a specified order.

top|[field: One of two fields that comprise a frame. Each row of a fop field is spatially located immedjately
aboye the corresponding-row of the bottom field.

top |macroblock (ef a macroblock pair): The macroblock within a macroblock pair that contains the sapples
in the top row-0f Samples for the macroblock pair. For a field macroblock pair, the top macroblock repr¢sents
the pamples\from the region of the top field of the frame that lie within the spatial region of the macrablock
paill. Fof a‘frame macroblock pair, the top macroblock represents the samples of the frame that lie withjn the
top halfof the spatial region of the macroblock pair.

transform coefficient: A scalar quantity, considered to be in a frequency domain, that is associated with a
particular one-dimensional or two-dimensional frequency index in an inverse transform part of the decoding
process.

transform coefficient level: An integer quantity representing the value associated with a particular two-
dimensional frequency index in the decoding process prior to scaling for computation of a transform coefficient
value.

universal unique identifier (UUID): An identifier that is unique with respect to the space of all universal
unique identifiers.

unspecified: The term unspecified, when used in the clauses specifying some values of a particular syntax
element, indicates that the values have no specified meaning in this Recommendation | International Standard
and will not have a specified meaning in the future as an integral part of this Recommendation | International
Standard.
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3.144  variable length coding (VLC): A reversible procedure for entropy coding that assigns shorter bit strings to
symbols expected to be more frequent and longer bit strings to symbols expected to be less frequent.

3.145  zig-zag scan: A specific sequential ordering of transform coefficient levels from (approximately) the lowest
spatial frequency to the highest. Zig-zag scan is used for transform coefficient levels in frame macroblocks.

4 Abbreviations

4.1 CABAC: Context-based Adaptive Binary Arithmetic Coding
4.2 CAVLC: Context-based Adaptive Variable Length Coding
4.3 CBR: Constant Bit Rate

4.4 CPB: Coded Picture Buffer

4.5 DPB: Decoded Picture Buffer

4.6 DUT: Decoder under test

4.7 FIFO: First-In, First-Out

4.8 HRD: Hypothetical Reference Decoder

4.9 HSS: Hypothetical Stream Scheduler

4.10 IDR: Instantaneous Decoding Refresh

4.11 LSB: Least Significant Bit

4.12 MB: Macroblock

4.13 MBAFF: Macroblock-Adaptive Frame-Field Coding
4.14 MSB: Most Significant Bit

4.15 NAL: Network Abstraction Layer

4.16 RBSP: Raw Byte Sequence Payload

4.17 SEI: Supplemental Enhancemerit Information
4.18 SODB: String Of Data Bits

4.19 UUID: Universal Unique’Identifier

4.20 VBR: Variable Bit-Rate

4.21 VCL: Video'Coding Layer

4.22 VLC: Variable Length Coding

4.23 VUIL:-Video Usability Information

5 Conventions

NOTE - The mathematical operators used in this Specification are similar to those used in the C programming language. However,
integer division and arithmetic shift operations are specifically defined. Numbering and counting conventions generally begin from
0.

5.1 Arithmetic operators

The following arithmetic operators are defined as follows.
+ Addition
- Subtraction (as a two-argument operator) or negation (as a unary prefix operator)

* Multiplication
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X

y

Exponentiation. Specifies x to the power of y.
superscripting not intended for interpretation as exponentiation.

In other contexts, such notation is used for

Integer division with truncation of the result toward zero. For example, 7/4 and —7/—4 are truncated to 1

and —7/4 and 7/—4 are truncated to —1.

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

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

i) The summation of f( i) with i taking all integer values from X up to and including v.

y
>
x%y

When order o

5.2 Log

The following
X &&

x ||y
!

x?y:

53
The following

5.4 Bit-

The following

Modulus. Remainder of x divided by y, defined only for integers x and y with x >= 0 and y 0.

f precedence is not indicated explicitly by use of parenthesis, the following rules apply
multiplication and division operations are considered to take place before addition and-subtraction
multiplication and division operations in sequence are evaluated sequentially fromleft to right

addition and subtraction operations in sequence are evaluated sequentially fronnleftt to right

cal operators

logical operators are defined as follows

y Boolean logical "and" of x and y
Boolean logical "or" of x and y
Boolean logical "not"

z If x is TRUE or not equal to 0, evaluates to the yalue of y; otherwise, evaluates to the value of z

Relgtional operators

relational operators are defined as follows
Greater than
Greater than or equal to
Less than
Less than or equal te
Equal to
Not equal te

vise operators

bit-Wise operators are defined as follows

&

Bit-wise "and". When operating on integer arguments, operates on a two's complement represen|

fation

x>>y

x<<y

10

of the integer value.
argument, the shorter argument is extended by adding more significant bits equal to 0.

When operating on a binary argument that contains fewer bits than another

Bit-wise "or". When operating on integer arguments, operates on a two's complement representation of
the integer value. When operating on a binary argument that contains fewer bits than another argument,

the shorter argument is extended by adding more significant bits equal to 0.

Arithmetic right shift of a two’s complement integer representation of x by y binary digits.

This

function is defined only for positive integer values of y. Bits shifted into the MSBs as a result of the

right shift shall have a value equal to the MSB of x prior to the shift operation.

Arithmetic left shift of a two’s complement integer representation of x by y binary digits. This function
is defined only for positive integer values of y. Bits shifted into the LSBs as a result of the left shift

have a value equal to 0.
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5.5 Assignment operators

The following arithmetic operators are defined as follows
= Assignment operator.

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

— Decrement, i.e., x—— is equivalent to x = x — 1; when used in an array index, evaluates to the value of the
variable prior to the decrement operation.

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

—= Decrement by amount specified, i.e., x — 3 is equivalent to x = x — 3, and x —=_(33)} is equivalent
tox =x—(-3).

5.6 Range notation

The fpllowing notation is used to specify a range of values

x =y ..z X takes on integer values starting from y to z inclusive, with x, y, and 7z being integer numbers.

5.7 Mathematical functions

The following mathematical functions are defined as follows

Abs(x)=) X 3 x>=0 (5-1)
-X ; x<0
Ceil(x ) the smallest integer greater than or equal\Mo x. (5-2)
Clipl( x )= Clip3( 0, 255,x) (5-3)
x 5 z<Xx
Clip3(x,y,z)=3y ; z>y (5-4)

z ; oth€rwise

Floor( x ) the greatestiinteger less than or equal to x. (5-5)

(a%(d /b)) *b; e==
InverseRasterScan( a, b, c,d, e ) = (5-6)
(a/(d/b)*c; e==1

Log2(\x’) returns the base-2 logarithm of x. 5-7
T ng] 0( x ) retnrns the base-10 ]ngnrithm of x (5-8)
Luma4x4BlkScan(x,y)=(x/2)*4+(y/2)* 8+ RasterScan(x % 2,y % 2,2) (5-9)
Median( x,y,z)=x+y+z—Min( x, Min(y, z) ) — Max( x, Max(y, z)) (5-10)
. <«
Min(x,y)=4° > *=°7 (5-11)
y 5 X>Yy
. S—
Max(x,y)=4" > *777 (5-12)
y 5 X<Yy
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RasterScan( x, y, ny ) =x +y * n, (5-13)

Round( x ) = Sign( x ) * Floor( Abs(x)+0.5) (5-14)

Sign(x)=) 1 3 x>=0 (5-15)
-1 ; x<0

Sqrt( x) = Vx (5-16)

5.8 Varj

Syntax elemepts in the bitstream are represented in bold type. Each syntax element is described by its name((all
case letters with underscore characters), its one or two syntax categories, and one or two descriptors for its.meth
coded represdntation. The decoding process behaves according to the value of the syntax element andto the valy
previously defoded syntax elements. When a value of a syntax element is used in the syntax tables or thetext, it ap
in regular (i.e|, not bold) type.

In some casgs the syntax tables may use the values of other variables derived from syntax'elements values.
variables appg¢ar in the syntax tables, or text, named by a mixture of lower case and upper ‘case letter and withoy
underscore claracters. Variables starting with an upper case letter are derived for the dedoding of the current s
structure and Jall depending syntax structures. Variables starting with an upper case letter may be used in the dec
process for lafer syntax structures mentioning the originating syntax structure of thejvariable. Variables starting

lower case let

parentheses i
than one varig

Square parentheses are used for indexing in listscor arrays. Lists or arrays can either be syntax elements or vari

Two-dimensi

NOTE - The index order for two-dimensional arrays using square parentheses and subscripts is interchanged. A sam

horizontal §
referred to

Binary notati
represents an

Hexadecimal
when the nun
second and its

Numerical va

er are only used within the subclause in which they are derived.

, "'mnemonic" names for syntax element values or variable values are used interchangeably with
es. Sometimes "mnemonic" names are used without any.as§ociated numerical values. The associat
es is specified in the text. The names are constructed from one or more groups of letters separated
racter. Each group starts with an upper case letter andumay contain more upper case letters.

syntax is described in a manner that closely follows the*C-language syntactic constructs.
described by their names, which are constfucted as syntax element names, with left and right

cluding zero or more variable names (for définition) or values (for usage), separated by commas (if
ble).

nal arrays are sometimes also specified using matrix notation using subscripts for indexing.

osition x and vertical position, yjinh a two-dimensional sample array denoted as s[ x, y ] would, in matrix notati
S Sy
yX

bn is indicated by enclosing the string of bit values by single quote marks. For example, '0100

bight-bit string having only its second and its last bits equal to 1.

notation, indicated by prefixing the hexadecimal number by "0x", may be used instead of binary no
hber of bitsyis an integer multiple of 4. For example, 0x41 represents an eight-bit string having o
last bits:equal to 1.

uesmot enclosed in single quotes and not prefixed by "0x" are decimal values.

lower
od of
les of
pears

Such
t any
lyntax
pding
vith a

their
on of
by an

round
more

hbles.

ple at
bn, be

0001'

fation
ly its

A value equa
different than

12

to 0 represents a FALSE condition in a test statement. The value TRUE is represented by any other
Zero.

value
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Text description of logical operations

In the text, a statement of logical operations as would be described in pseudo-code as

if( condition 0 )
statement 0

else if ( condition 1)
statement 1

else /* informative remark on remaining condition */
statement n

may |

Each

appli
"Othg
or".

In thd

may |

pe described in the following manner:

... as follows / ... the following applies.

—  If condition 0, statement 0

—  Otherwise, if condition 1, statement 1

—  Otherwise (informative remark on remaining condition), statement n

"If...Otherwise, if...Otherwise, ..." statement in the text is introduced with-"... as follows" or ".
ps" immediately followed by "If ... ". The last condition of the "If,,.OQthérwise, if...Otherwise, ..."
rwise, ...". Interleaved "If...Otherwise, if...Otherwise, ..." statements. can be identified by matching "

.| the following applies" with the ending "Otherwise, ...".

text, a statement of logical operations as would be described-in'‘pseudo-code as

if( condition 0a && condition Ob )
statement 0

else if ( condition la || condition 1b)
statement 1

else
statement n

pe described in the following mannet:

... as follows / ... the follewing applies.

— Ifall of the following conditions are true, statement 0
—  condition0a
—  condition Ob

—  Othétwise, if any of the following conditions are true, statement 1
£)" condition la

—  condition 1b

.. [the following

is always an
.. as follows"

—  Otherwise, statement n

In the text, a statement of logical operations as would be described in pseudo-code as

if( condition 0)
statement 0

if ( condition 1)
statement 1

may be described in the following manner:

When condition 0, statement 0

When condition 1, statement 1
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5.10 Processes

Processes are used to describe the decoding of syntax elements. A process has a separate specification and invoking. All
syntax elements and upper case variables that pertain to the current syntax structure and depending syntax structures are
available in the process specification and invoking. A process specification may also have a lower case variable explicitly
specified as the input. Each process specification has explicitly specified an output. The output is a variable that can

either be an upper case variable or a lower case variable.

The assignment of variables is specified as follows.

specification in case these do not have the same name.

If invoking a process, variables are explicitly assigned to lower case input or output variables of the process

Otherwis

In the specifi
the address of]

e (when the variables at the invoking and specification have the same name), assignment is implied.

ation of a process, a specific macroblock may be referred to by the variable name having a yalug eq|
the specific macroblock.

hal to

6 Soulrce, coded, decoded and output data formats, scanning processes, and neighbouring
relationships
6.1 Bitstream formats

This subclaus
the bitstream.

The bitstream
format is conl
sequence is o
units in the N

The byte stre
order and pre
The NAL uni
start code pre
byte stream f]
specified in A

6.2 Sou

This subclaus

The video soyrce that is represented by the bitstream is a sequence of either or both frames or fields (called collec

pictures) in dg

The source an
sample arrays|

The variable

e specifies the relationship between the NAL unit stream and byte stream, either of which are referred

can be in one of two formats: the NAL unit stream format gisthe byte stream format. The NAL unit s
ceptually the more "basic" type. It consists of a sequenee/of syntax structures called NAL units.
rdered in decoding order. There are constraints imposed on the decoding order (and contents) of the
AL unit stream.

hm format can be constructed from the NAL.unit stream format by ordering the NAL units in dec|
ixing each NAL unit with a start code prefix, and zero or more zero-valued bytes to form a stream of
t stream format can be extracted from the;byte stream format by searching for the location of the ul
fix pattern within this stream of bytes. Methods of framing the NAL units in a manner other than use

nnex B.

ce, decoded, and output-picture formats

coding order:

b specifies the relatipnship between source and decoded frames and fields that is given via the bitstreamn.

ChromaFormatFactor is specified in Table 6-1, depending on the chroma format sampling structurg.

to as

[ream
This
NAL

pding
bytes.
nique
bf the

brmat are outside the scope of this, Recommendation | International Standard. The byte stream forrat is

tively

d decoded pictures (frames or fields) are each comprised of three sample arrays, one luma and two ciiroma

The

value of Chro

= = 1111 LN 1 1 1 -1 . 40O 1 I 1 1 1
IdI" OIMIaUr dCLOT SIIdIT UC HIICITCU CHUAL TO 1. J, IIIUICAUITE 5. 2. U SAIIPIHITE. 1T ITTOHTOUHT OHIT SAITIPIIITE U

ere is

only one sample array, which may nominally be considered a luma array. In 4:2:0 sampling, each of the two chroma
arrays has half the height and half the width of the luma array. In 4:2:2 sampling, each of the two chroma arrays has the
same height and half the width of the luma array. In 4:4:4 sampling, each of the two chroma arrays has the same height
and width as the luma array.

NOTE — Other values may be valid for future versions of this Recommendation | International Standard.
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Table 6-1 — ChromaFormatFactor values

Chroma
Format ChromaFormatFactor
monochrome 1
4:2:0 1.5
4:2:2 2
4:4:4 3

This

ecommendation | International Standard represents colour sequences using 4:2:0 chroma sampling.

the Iyma sample array of each picture is an integer multiple of 16. The width of the chroma sample arrays

are af integer multiple of 8. The height of the luma sample array of each coded picture (whether-it is a co
coded field) is an integer multiple of 16 and the height of each chroma array for these picturgs/is an integer
If any coded frames are present within a coded video sequence that contains coded fields-or contains cod

use
sequsg
of 16
speci

The ¥
the s4
half't

The 1
Alter|

acroblock-adaptive frame-field coding, the height of the luma sample array of all,¢oded frames in thi
nce is an integer multiple of 32 and the height of each chroma sample array_for'these frames is an inj
The width or height of pictures output from the decoding process need not'be'an integer multiple of
fied using a cropping rectangle.

vidth of fields coded referring to a specific sequence parameter set@s-the same as that of frames cod
me sequence parameter set (see below). The height of fields coded ‘referring to a specific sequence p
hat of frames coded referring to the same sequence parameter,set.(see below).

lominal vertical and horizontal relative locations of lumatand chroma samples in frames are shown

hative chroma sample relative locations may be indicatedin video usability information (see Annex E).

The width of
f each picture
led frame or a
multiple of 8.
bd frames that
e coded video
teger multiple
16 and can be

bd referring to
irameter set is

in Figure 6-1.

X X X X X X

O (0] (@) YY)
X X X X X X

X X X X X X

o o o

X X X X X X

X X X X X X

o o o

X X X X X X

Guide:

X = Location of luma sample
O = Location of chroma sample

Figure 6-1 — Nominal vertical and horizontal locations of 4:2:0 luma and chroma samples in a

frame

A frame consists of two fields as described below. A coded picture may represent a coded frame or an individual coded
field. A coded video sequence conforming to this Recommendation | International Standard may contain arbitrary
combinations of coded frames and coded fields. The decoding process is also specified in a manner that allows smaller
regions of a coded frame to be coded either as a frame or field region, by use of macroblock-adaptive frame-field coding.

© ISO/IEC 2004 — All rights reserved
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Source and decoded fields are one of two types: top field or bottom field. When two fields are output at the same time, or
are combined to be used as a reference frame (see below), the two fields (which shall be of opposite parity) are
interleaved. The first (i.e., top), third, fifth, etc. rows of a decoded frame are the top field rows. The second, fourth, sixth,
etc. rows of a decoded frame are the bottom field rows. The first (i.e., top) row is numbered as row number 0; the second
row is numbered as row number 1; the third row is numbered as row number 2, etc. A top field consists of only the top
field rows of a frame, and a bottom field consists of only the bottom field rows of a frame. When the top field or bottom
field of a decoded frame is used as a reference field (see below) only the even-numbered rows (for a top field) or the odd-
numbered rows (for a bottom field) of the decoded frame are used.

The nominal vertical and horizontal relative locations of luma and chroma samples in top and bottom fields are shown in
Figure 6-2. The nominal vertical sampling relative locations of the chroma samples in a top field are specified as shifted
up by one-quarter luma sample height relative to the field-sampling grid. The vertical sampling locations of the chroma
samples in a bottom field are specified as shifted down by one-quarter luma sample height relative to the field-sanjpling
grid. Alternatfve chroma sample relative locations may be indicated in the video usability information (see Annex E).

NOTE - The shifting of the chroma samples is in order for these samples to align vertically to the usual location relative|to the
full-frame Jampling grid as shown in Figure 6-1.

O X
O X
O X

Q O O
Xy X X X X
X X X X X X
O O O
X X X X X X
) .. ) ..
: Top field . : Bottom field .
Guide: Guide:
X [ Location of luma sample X = Location of luma sample
O [ Location of chroma sample O =Location of chroma sample
Figure 6-2 — Nominal vertical and horizontal sampling locations of samples top and bottom fields.
6.3 Spatial subdivision of pictures and slices

This subclausp spécifies how a picture is partitioned into slices and macroblocks. Pictures are divided into slices. A slice
is a sequence|of\fmacroblocks, or, when macroblock-adaptive frame/field decoding is in use, a sequence of macroblock
pairs.

Each macroblock is comprised of one 16x16 luma and two 8x8 chroma sample arrays. When macroblock-adaptive
frame/field decoding is not in use, each macroblock represents a spatial rectangular region of the picture. For example, a
picture may be divided into two slices as shown in Figure 6-3.
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Figure 6-3 — A picture with 11 by 9 macroblocks that is partitioned into two slicés

Wheih macroblock-adaptive frame/field decoding is in use, the picture is partitioned into,slices containjng an integer
number of macroblock pairs as shown in Figure 6-4. Each macroblock pair consists of two‘macroblocks.

A

A macroblock pair

Figure.6-4 — Partitioning of the decoded frame into macroblock pairs.

6.4 Inversescanning processes and derivation processes for neighbours

This pubclause specifies inverse scanning processes; i.e., the mapping of indices to locations, and derivation] processes for
neighbotrs:

6.4.1 Inverse macroblock scanning process
Input to this process is a macroblock address mbAddr.

Output of this process is the location ( X, y ) of the upper-left luma sample for the macroblock with address mbAddr
relative to the upper-left sample of the picture.

The inverse macroblock scanning process is specified as follows.

- If MbaffFrameFlag is equal to O,

x = InverseRasterScan( mbAddr, 16, 16, PicWidthInSamples, 0 ) (6-1)

y = InverseRasterScan( mbAddr, 16, 16, PicWidthInSamples, 1) (6-2)
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- Otherwise (MbaffFrameFlag is equal to 1), the following applies.

xO = InverseRasterScan( mbAddr / 2, 16, 32, PicWidthInSamples, 0 )

yO = InverseRasterScan( mbAddr / 2, 16, 32, PicWidthInSamples;, 1)

Depending on the current macroblock the following applies.

6.4.2 Inve]

Macroblocks
Figure 6-5. T
refer to the p
inverse sub-ni

The functiong
height of mag
Table 7-15. M
macroblock ty
macroblock W

Macroblock

partitions|

If the current macroblock is a frame macroblock

x =x0

(6-3)

(6-4)

(6-5)

x =x0

acroblock partition scan.

1 macroblock partition of
16*16 luma samples and
associated chroma samples

y=yO + ( mbAddr % 2)

y=yO + ( mbAddr %2 ) * 16

2 macroblock partitions of
16*8 luma samples and
associated chroma samples

Otherwise (the current macroblock is a field macroblock),

rse macroblock partition and sub-macroblock partition scanning process

2 macroblock partitions of
8*16 luma samples and
associated chroma samples

or sub-macroblocks may be partitioned, and the partitions are scanfied" for inter prediction as sho
he outer rectangles refer to the samples in a macroblock or sub-macroblock, respectively. The rectdngles
artitions. The number in each rectangle specifies the index of-the inverse macroblock partition sgan or

4 sub-macroblocks of
8*8 luma samples and
associated chroma samples

6-6)

6-7)

6-8)

vn in

MbPartWidth( ), MbPartHeight( ), SubMbPartWidth( )¢and SubMbPartHeight( ) describing the width and
roblock partitions and sub-macroblock partitions arespecified in Table 7-10, Table 7-11, Table 7-14, and
[bPartWidth( ) and MbPartHeight( ) are set to appropriate values for each macroblock, depending qn the
pe. SubMbPartWidth( ) and SubMbPartHeight( )@re set to appropriate values for each sub-macroblock of a
ith mb_type equal to P_8x8, P_8x8ref0, or B *8x8, depending on the sub-macroblock type.

1 sub-macroblock partition
0f.8*8 luma samples and
associated chroma samples

2 sub-macroblock partitions
of 8*4 luma samples and
associated chroma samples

2 sub-macroblock partitions
of 4*8 luma samples and
associated chroma samples

4 sub-macroblock partitions
of 4*4 luma samples and
associated chroma samples

Sub-macroblock
partitions 0

Figure 6-5 — Macroblock partitions, sub-macroblock partitions, macroblock partition scans, and sub-macroblock
partition scans.

6.4.2.1

Inverse macroblock partition scanning process

Input to this process is the index of a macroblock partition mbPartIdx.

18
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Output of this process is the location (X, y) of the upper-left luma sample for the macroblock partition mbPartldx
relative to the upper-left sample of the macroblock.

The inverse macroblock partition scanning process is specified by

x = InverseRasterScan( mbPartldx, MbPartWidth( mb_type ), MbPartHeight( mb_type ), 16, 0)

y = InverseRasterScan( mbPartldx, MbPartWidth( mb_type ), MbPartHeight( mb_type ), 16, 1)

6.4.2.2 Inverse sub-macroblock partition scanning process

(6-9)

(6-10)

Inputs to this process are the index of a macroblock partition mbPartldx and the index of a sub-macroblock partition

sub

Outp
subM

The i
- I

6.4.3
Input

Outp
luma:

Figun

brartldx.

bPartldx relative to the upper-left sample of the sub-macroblock.
hverse sub-macroblock partition scanning process is specified as follows.

mb_type is equal to P_8x8, P_8x8refl, or B_8x8,

x = InverseRasterScan( subMbPartldx, SubMbPartWidth( sub_mb_type[ mbPartldx ] ),
SubMbPartHeight( sub_mb_type[,mbPartldx ] ), 8, 0)

y = InverseRasterScan( subMbPartldx, SubMbPartWidth( sub_mb_t§pe[ mbPartldx ] ),
SubMbPartHeight( sub_mb~type[ mbPartldx ]), 8, 1)

therwise,
x = InverseRasterScan( subMbPartldx, 4, 4, 8,0 )
y = InverseRasterScan( subMbPartldx, 4, 4, 8, 1)
Inverse 4x4 luma block scanning process

to this process is the index of a 4x4 luma‘block luma4x4BlkIdx.

ix4BlkIdx relative to the upper-left. luma sample of the macroblock.

e 6-6 shows the scan for the4x4 luma blocks.

8119 112113

1011114 |15

Figure 6-6 — Scan for 4x4 luma blocks.

it of this process is the location (x,y) of the upper-left luma sample for the sub-macrob

The inverse 4x4 luma block scanning process is specified by

ock partition

(6-11)

(6-12)

(6-13)

(6-14)

it of this process is the location.(x,y) of the upper-left luma sample for the 4x4 luma blogk with index

x = InverseRasterScan( luma4x4BIklIdx / 4, 8, 8, 16, 0 ) + InverseRasterScan( luma4x4BIkldx % 4, 4, 4, 8, 0) (6-15)

y = InverseRasterScan( luma4x4Blkldx / 4, 8, 8, 16, 1 ) + InverseRasterScan( luma4x4Blkldx % 4, 4,4, 8, 1) (6-16)

6.4.4
Input

Derivation process of the availability for macroblock addresses

to this process is a macroblock address mbAddr.

Output of this process is the availability of the macroblock mbAddr.

© ISO/IEC 2004 — All rights reserved
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NOTE — The meaning of availability is determined when this process is invoked.

The macroblock is marked as available, unless one of the following conditions is true in which case the macroblock shall
be marked as not available:

6.4.5

mbAddr <0
mbAddr > CurrMbAddr

the macroblock with address mbAddr belongs to a different slice than the current slice

Derivation process for neighbouring macroblock addresses and their availability

This process can only be invoked when MbaffFrameFlag is equal to 0.

The outputs o
mbAddrA
mbAddrH
mbAddr(
mbAddr]]

Figure 6-7 shi
relative to the

Input to the
mbAddrA is
to 0.

Input to the
macroblock nf

Input to the p
macroblock

f this process are
- the address and availability status of the macroblock to the left of the current macroblock.

: the address and availability status of the macroblock above the current macroblock.

: the address and availability status of the macroblock above-right of the current macroblock.
: the address and availability status of the macroblock above-left of the current macroblock.

bws the relative spatial locations of the macroblocks with mbAddrA, mbAddiB, mbAddrC, and mbA
current macroblock with CurrMbAddr.

mbAddrD | mbAddrB mbAddrC

mbAddrA | CurrMbAddr

Figure 6-7 — Neighbouring macroblocks for a given macroblock

process in subclause 6:4.4 is mbAddrA = CurrMbAddr — 1 and the output is whether the macro
ivailable. In addition;smbAddrA is marked as not available when CurrMbAddr % PicWidthInMbs is

brocess in subelause 6.4.4 is mbAddrB = CurrMbAddr — PicWidthInMbs and the output is whethd
bAddrB js-available.

rocess 1 subclause 6.4.4 is mbAddrC = CurrMbAddr — PicWidthInMbs + 1 and the output is wheth
mbAddrC is available. In addition, mbAddrC is marked as not available

( CurrMbAdd|

ddrD

block
equal

r the

br the
'when

A1) % PicWidthInMbs is equal to 0

Input to the process in subclause 6.4.4 is mbAddrD = CurrMbAddr — PicWidthInMbs - 1 and the output is whether the

macroblock

mbAddrD is available. In addition, mbAddrD is marked as not available

CurrMbAddr % PicWidthInMbs is equal to 0.

6.4.6

Derivation process for neighbouring macroblock addresses and their availability in MBAFF frames

This process can only be invoked when MbaffFrameFlag is equal to 1.

The outputs of this process are

macroblock pair.

macroblock pair.

20

when

mbAddrA: the address and availability status of the top macroblock of the macroblock pair to the left of the current

mbAddrB: the address and availability status of the top macroblock of the macroblock pair above the current
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- mbAddrC: the address and availability status of the top macroblock of the macroblock pair above-right of the current
macroblock pair.

- mbAddrD: the address and availability status of the top macroblock of the macroblock pair above-left of the current
macroblock pair.

Figure 6-8 shows the relative spatial locations of the macroblocks with mbAddrA, mbAddrB, mbAddrC, and mbAddrD
relative to the current macroblock with CurrMbAddr.

mbAddrA, mbAddrB, mbAddrC, and mbAddrD have identical values regardless whether the current macroblock is the
top or the bottom macroblock of a macroblock pair.

Input]
macr
( Cur

Input]
the n

Input]
whetl
( Cur

Inputj
whet]
(Cur

6.4.7
Subc
Subc
Subc
Subc

mbAddrD mbAddrB mbAddrC

CurrMbAddr

Figure 6-8 — Neighbouring macroblocks for a givemmacroblock in MBAFF frames
to the process in subclause 6.4.4 is mbAddrA =2 *{ €urrMbAddr/2—1) and the output is

IMbAddr / 2 ) % PicWidthInMbs is equal to 0.

to the process in subclause 6.4.4 is mbAddrB =2# ( CurrMbAddr / 2 — PicWidthInMbs ) and the out
acroblock mbAddrB is available.

to the process in subclause 6.4.4 is mbAddrC =2 * ( CurrMbAddr / 2 — PicWidthInMbs + 1) and]
ier the macroblock mbAddrC is -available. In addition, mbAddrC is marked as not ay
IMbAddr / 2 + 1) % PicWidthInMbs (s equal to 0.

to the process in subclause.64:4 is mbAddrD =2 * ( CurrMbAddr / 2 — PicWidthInMbs - 1) and
ier the macroblock mbAddrD is available. In addition, mbAddrD is marked as not av
IMbAddr / 2 ) % PicWidthInMbs is equal to 0.

Derivation processes for neighbouring macroblocks, blocks, and partitions
ause 6.4.7.1 specifies the derivation process for neighbouring macroblocks.
ause 6.4.7.2¢pecifies the derivation process for neighbouring 8x8 luma blocks.

ause 674:7.3 specifies the derivation process for neighbouring 4x4 luma blocks.

whether the

block mbAddrA is available. In addition, </mbAddrA is marked as not avajlable when

but is whether

the output is
pilable when

the output is
hilable when

ause6.4.7.4 specifies the derivation process for neighbouring 4x4 chroma blocks.

Subclause 6.4.7.5 specifies the derivation process for neighbouring partitions.

Table 6-2 specifies the values for the difference of luma location ( XD, yD ) for the input and the replacement for N in
mbAddrN, mbPartldxN, subMbPartldxN, luma8x8BlkIdxN, luma4x4BIlkIdxN, and chroma4x4BIlkIdxN for the output.
These input and output assignments are used in subclauses 6.4.7.1 to 6.4.7.5. The variable predPartWidth is specified
when Table 6-2 is referred to.

Table 6-2 — Specification of input and output assignments for subclauses 6.4.7.1 to 6.4.7.5

N xD yD

A -1 0

© ISO/IEC 2004 — All rights reserved
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0 -1
predPartWidth -1
-1 -1

Figure 6-9 illustrates the relative location of the neighbouring macroblocks, blocks, or partitions A, B, C, and D to the

current macro

block, partition, or block, when the current macroblock, partition, or block is in frame coding mode.

Figy

6.4.7.1 Den
Outputs of thi
mbAddrA
mbAddrH
mbAddrN (w
The diffe

The deriy
(xN, yN

6.4.7.2 Den
Input to this p
The luma8x8]
Outputs of thi
mbAddr/

D B C
A Current
Macroblock
or Partition
or Block

re 6-9 — Determination of the neighbouring macroblock, blocks,and partitions (informative)

ivation process for neighbouring macroblocks

5 process are

: the address of the macroblock to the left of the.current macroblock and its availability status and
: the address of the macroblock above the cutrent macroblock and its availability status.

th N being A or B) is derived as follows)

Fence of luma location ( xD, yD ) is set according to Table 6-2.

ation process for neighbourisighlocations as specified in subclause 6.4.8 is invoked for luma location
equal to ( xD, yD ), and the-output is assigned to mbAddrN.

ivation process for neighbouring 8x8 luma block

rocess is an 8x8 luma block index luma8x8BlklIdx.

BlkIdx specifies the 8x8 luma blocks of a macroblock in a raster scan.
K process\are

\: €ithetr equal to CurrMbAddr or the address of the macroblock to the left of the current macroblock 4

availabili

with

nd its

y status

availability status,

availability status,

availability status.

mbAddrN and luma8x8BIlkIdxN (with N being A or B) are derived as follows.

22

The difference of luma location ( xD, yD ) is set according to Table 6-2.

The luma location ( xN, yN ) is specified by

luma8x8BlkIdxA: the index of the 8x8 luma block to the left of the 8x8 block with index luma8x8BlkIdx and its

mbAddrB: either equal to CurrMbAddr or the address of the macroblock above the current macroblock and its

luma8x8BlkIdxB: the index of the 8x8 luma block above the 8x8 block with index luma8x8Blkldx and its
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6.4.713 Derivation process for neighbouring 4x4 luma blocks
Inputfto this process is a 4x4 luma block index luma4x4BlkIdx.

Outppits of this process are

mbA@ldrN and luma4x4BIlkIdxN (with N being A or B) are.derived as follows.

ISO/IEC 14496-10:2004(E)

xN = (luma8x8Blkldx % 2 ) * 8 + xD (6-17)
yN = (luma8x8Blkldx /2 ) * 8 + yD (6-18)
The derivation process for neighbouring locations as specified in subclause 6.4.8 is invoked for luma locations with
( xN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW ).
The variable luma8x8BIkIdxN is derived as follows.
- If mbAddrN is not available, luma8x8BIlkIdxN is marked as not available.
- Otherwise (mbAddrN is available), the 8x8 luma block in the macroblock mbAddrN covering the luma

1 1 L \AL AV VAWH PN IRN d il QuODILT 1 N
TOCAtIOTI T A VY 5 y vy ) oirdiT OU-adSSTE O U TO TUTITAC AU DT TUATN S

hbAddrA: either equal to CurrMbAddr or the address of the macroblock to the left ofithe current macroblock and its
dvailability status,

Ihmadx4BlkIdxA: the index of the 4x4 luma block to the left of the 4x4 block with index luma4x4BlkIdx and its
dvailability status,

1hbAddrB: either equal to CurrMbAddr or the address of the macdroblock above the current macrgblock and its
dvailability status,

Inma4x4BlkIdxB: the index of the 4x4 luma block above/the 4x4 block with index luma4x4BlkIdx and its
dvailability status.

The difference of luma location ( xD, yD ) is set aceording to Table 6-2.

The inverse 4x4 luma block scanning process, as specified in subclause 6.4.3 is invoked with luma4x4BIkIdx as the
ihput and ( X, y ) as the output.

The luma location ( XN, yN ) is specified by
xN =x+ xD (6-19)
yN=y+yD (6-20)
The derivation procéessfor neighbouring locations as specified in subclause 6.4.8 is invoked for luma Jocations with
xN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW ).
The variableJuma4x4BIkIdxN is derived as follows.

- IfambAddrN is not available, luma4x4BlkIdxN is marked as not available.

- { Otherwise (mbAddrN is available), the 4x4 luma block in the macroblock mbAddrN covefing the luma
location (xW_ yW ) shall he assigned to lumadx4BIKIdxN

6.4.7.4 Derivation process for neighbouring 4x4 chroma blocks

Input to this is a current 4x4 chroma block chroma4x4BlkIdx.

Outputs of this process are

mbAddrA: either equal to CurrMbAddr or the address of the macroblock to the left of the current macroblock and its
availability status,

chroma4x4BIkldxA: the index of the 4x4 chroma block to the left of the chroma 4x4 block with index
chroma4x4Blkldx and its availability status,

mbAddrB: either equal to CurrMbAddr or the address of the macroblock above the current macroblock and its
availability status,
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- chroma4x4BIlkIdxB: the index of the 4x4 chroma block above the chroma 4x4 block index chroma4x4BlkIdx and its
availability status.

The derivation process for neighbouring 8x8 luma block is invoked with luma8x8Blkldx = chroma4x4BIlkIdx as the input
and with mbAddrA, chroma4x4BIkIdxA = luma8x8BIkIdxA, mbAddrB, and chroma4x4BlkldxB = luma8x8BIlkId

the output.

6.4.7.5 Derivation process for neighbouring partitions

Inputs to this

process are

- amacroblock partition index mbPartldx

- a current

- asub-ma

Outputs of thik process are

- mbAddrA\mbPartldxA\subMbPartldxA: specifying the macroblock or sub-macroblock partition’to the left

current

- mbAddrB\mbPartldxB\subMbPartldxB: specifying the macroblock or sub-macroblacks partition above the c

xB as

sub-macroblock type currdSubMb I'ype

troblock partition index subMbPartldx

f the

macroblock and its availability status, or the sub-maeroblock pattition
CurrMbAddr\mbPartldx\subMbPartldx and its availability status,

irrent

macroblock and its availability status, or the sub-macroblock partition CurrMbAddif\mbPartIdx\subMbPartldx and its

availabilify status,

- mbAddr¢\mbPartldxC\subMbPartldxC: specifying the macroblock or sub;maeroblock partition to the right-ab

ve of

the  cyrrent  macroblock and  its  availability  status, (or the  sub-macroblock  paftition

CurrMbAddr\mbPartldx\subMbPartldx and its availability status,

- mbAddrI)\mbPartldxD\subMbPartldxD: specifying the macroblock or sub-macroblock partition to the left-abgve of
the  cyrrent  macroblock and  its  availability $tatus, or  the  sub-macroblock  paftition

CurrMbAddr\mbPartldx\subMbPartldx and its availability status.
mbAddrN, mbpPartldxN, and subMbPartldx (with N being A;'B; C, or D) are derived as follows.

- The inve
the input

- The location of the upper-left luma sample inside a macroblock partition ( xS, yS ) is derived as follows.

and ( X, y ) as the output.

se macroblock partition scanning process>as described in subclause 6.4.2.1 is invoked with mbPartldx as

— If mb type is equal to P_8x8, P 8x8refd or B_8x8, the inverse sub-macroblock partition scanning procg¢ss as

descr

— Other

- The varia
— Ifmb

—  Other

- If

motion vector is the predlcted motlon vector for the complete macroblock -

bed in subclause 6.4.2.2 is invoked with subMbPartldx as the input and ( xS, yS ) as the output.
wise, ( XS, yS) are sefte.( 0, 0).

ble predPartWidth in Table 6-2 is specified as follows.

| type is equabto'P_Skip, B_Skip, or B_Direct 16x16, predPartWidth = 16.

wise, if mb-type is equal to B_8x8, the following applies.

currSubeType is equal to B_Direct 8x8, predPartW1dth = 16.

— Otherwise, predPartWidth = SubMbPartWidth( sub_mb_type[ mbPartldx ] ).

— Otherwise, if mb_type is equal to P_8x8 or P_8x8ref0,

predP

artWidth = SubMbPartWidth( sub_mb_type[ mbPartldx ] ).

— Otherwise, predPartWidth = MbPartWidth( mb_type ).

- The difference of luma location ( xD, yD ) is set according to Table 6-2.

- The neighbouring luma location ( XN, yN ) is specified by

xN=x+ xS +xD

yN=y+yS+yD

24
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The derivation process for neighbouring locations as specified in subclause 6.4.8 is invoked for luma locations with
( xN, yN ) as the input and the output is assigned to mbAddrN and ( xW, yW ).

Depending on mbAddrN, the following applies.

- If mbAddrN is not available, the macroblock or sub-macroblock partition
mbAddrN\mbPartIdxN\subMbPartIdxN is marked as not available.

- Otherwise (mbAddrN is available), the following applies.

- The macroblock partition in the macroblock mbAddrN covering the luma location ( xW, yW ) shall be
assigned to mbPartldxN and the sub-macroblock partition inside the macroblock partition mbPartldxN
covering the sample ( xW, yW ) in the macroblock mbAddrN shall be assigned to subMbPartIdxN.

- When the partition given by mbPartldxN and subMbPartIdxN is not yet decoded, the mactoblock partition
mbPartIdxN and the sub-macroblock partition subMbPartldxN are marked as not available,

NOTE - The latter condition is, for example, the case when mbPartldx = 2, subMbPartldx = 3, xD =4, yD|= -1, i.e., when
neighbour C of the last 4x4 luma block of the third sub-macroblock is requested.

Input] to this process is a luma or chroma location ( XN, yN ) expressed relative tojthe*upper left corner |of the current

macrpblock

Outppits of this process are

thbAddrN: either equal to CurrMbAddr or to the address of neighbotriftg macroblock that contains (xN, yN) and its
dvailability status,

xW, yW ): the location (xN, yN) expressed relative to the<upper-left corner of the macroblock mbAddrN (rather
than relative to the upper-left corner of the current macroblock).

Let maxWH be a variable specifying a maximum value ofithe location components xN, yN xW, and y\. maxWH is

derivgd as follows.

Depepding on the variable MbaffFrameFlag, the neighbouring luma locations are derived as follows.

6.4.8]1 , Specification for neighbouring luma locations in fields and non-MBAFF frames

The gpecifications in this subclause are applied when MbaffFrameFlag is equal to 0.

Iff this process is invoked for neighbouring luma'locations,
maxWH = 16 (6-23)
therwise (this process is invoked forsaeighbouring chroma locations),

maxWH = 8 (6-24)

Iif MbaftFrameFlag-is.equal to 0, the specification for neighbouring luma locations in fields and non-MBAFF frames
ds described in subelause 6.4.8.1 is applied.

therwise (MbaffFrameFlag is equal to 1), the specification for neighbouring luma locations in MBAFF frames as
described in.subclause 6.4.8.2 is applied.

The derivation process for neighbouring macroblock addresses and their availability in subclause 6.4.5 is invoked with
mbAddrA, mbAddrB, mbAddrC, and mbAddrD as well as their availability status as the output.

Table 6-3 specifies mbAddrN depending on ( XN, yN ).

Table 6-3 — Specification of mbAddrN

xN yN mbAddrN
<0 <0 mbAddrD
<0 0. maxWH-1 | mbAddrA
0. maxWH-1 | <0 mbAddrB
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0. maxWH -1 0. maxWH -1 CurrMbAddr

>maxWH - 1 <0 mbAddrC

>maxWH - 1 0. maxWH -1 | notavailable

>maxWH -1 not available

The neighbouring luma location ( xW, yW ) relative to the upper-left corner of the macroblock mbAddrN is derived as
= (xN + maxWH ) % maxWH (6-25)

xW

yW

6.4.8.2 Spe
The specificaf

The derivatio
mbAddrA, ml

Table 6-4 spe
1. Specifical
- The

2. Dependirn
- If mf
- Othe

depe
deriy
- I
- g

Unspecified v

the current tal

= (yN + maxWH ) % maxWH (

cification for neighbouring luma locations in MBAFF frames
ions in this subclause are applied when MbaffFrameFlag is equal to 1.

h process for neighbouring macroblock addresses and their availability in subclausé_6.4.6 is invoked
AddrB, mbAddrC, and mbAddrD as well as their availability status as the output!

Pifies the macroblock addresses mbAddrN and yM in two ordered steps:

tion of a macroblock address mbAddrX depending on ( xN, yN ) and the following variables:

ariable currMbFrameFlag is derived as follows.

f the macroblock with address CurrMbAddr is a frame macroblock, currMbFrameFlag is set equal to
Dtherwise (the macroblock with address CurrMbAddr is a field macroblock), currMbFrameFlag is set
00.

ariable mblsTopMbFlag is derived as follows.

f the macroblock with address CurrMbAddr is ‘a~top macroblock (CurrMbAddr % 2 is equal
mblsTopMbFlag is set equal to 1;

Dtherwise (the macroblock with address CurrMbAddr is a bottom macroblock, CurrMbAddr % 2 is
o 1), mblsTopMbFlag is set equal to 0.

g on the availability of mbAddrX, the following applies.
AddrX is not available, mbAddzN is"marked as not available.

rwise (mbAddrX is available);smbAddrN is marked as available and Table 6-4 specifies mbAddrN an
hding on ( xN, yN ), currMbFrameFlag, mbIsTopMbFlag, and the variable mbAddrXFrameFlag, wh
ed as follows.

the macroblock mbAddrX is a frame macroblock, mbAddrXFrameFlag is set equal to 1,
therwise (the macroblock mbAddrX is a field macroblock), mbAddrXFrameFlag is set equal to 0.

alues (na) of:the above flags in Table 6-4 indicate that the value of the corresponding flag is not releva
le rows:

-26)

with

E)

equal

to 0),

lequal

d yM
ich is

nt for

26
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Table 6-4 - Specification of mbAddrN and yM

50
< =
2| w "5 2
5| z E
Ele = 3
S| = v —
| g o < s Z
el 3|2 £ 3
A= 5 =
% Z |3[E] £ |E ¢ £ %
1 |mbAddrD mbAddrD+1 |yN
1 1 mbAddrA yN
0 [mbAddrA 15 MbAddrA + 1 _|(yN + maxWH ) >> |
0 <0 1 mbAddrD + IO\ [2*yN
N mbAddrD yN
0 |mbAddrD mbAddrD++ 1 |yN
1 mbAddrA yN
1 |mbAddrA 0 yN%2==0 mbAddrA yN >> |
yN %2 !=0 mbAddrA +1  |[yN>>1
1 1 mbAddrA + 1 |[yN
0 |mbAddrA yN %2 == mbAddrA (yN + maxWH ) >> 1
0. 0 [yN%21=0 mbAddrA + 1 |(yN + maxWH ) >> |
0 maxWH - 1 yN <(maxWH/2) |mbAddrA yN <<1
1 1 |mbAddrA yN=(maxWH /2 ) |[mbAddrA+1 |(yN <<1) - fnaxWH
0 mbAddrA yN
0 yN <(maxWH/2) |mbAddrA (YN<<1)+]l
1 _ mbAddrA+1 |[(yN<<1)+[l -
0 |mbAddrA yN >=(maxWH/2) maxWH
0 mbAddrA+1 |yN
1 |mbAddrB mbAddrB+1 [yN
I lo_JCuirMbAddr CurrMbAddr - 1 [yN
thaxWH - |<0 mbAddrB + 1 2 *yN
3 1 JmbAddrB —bAdAB N
0 |mbAddrB mbAddrB+1 |yN
. 0.. CurrMbAddr  |yN
naxWH - |maxWH - CurrMbAddr
1
1 |mbAddrC mbAddrC+1 [yN
I [0 Inot available not available na
maxWH | L mbAddrC+1 [2*yN
; 0 0 mbAddrC yN
0 |mbAddrC mbAddrC+1 |yN
0.. not available na
_>1maxWH maxWH - not available
1
> maxWH . not available na
1 not available

The neighbouring luma location ( xW, yW ) relative to the upper-left corner of the macroblock mbAddrN is derived as

xW = (xN + maxWH ) % maxWH

yW = (yM + maxWH ) % maxWH
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7 Syntax and semantics

7.1 Method of describing syntax in tabular form
The syntax tables describe a superset of the syntax of all allowed input bitstreams. Additional constraints on the syntax
may be specified in other clauses.
NOTE - An actual decoder should implement means for identifying entry points into the bitstream and to identify and handle non-
conforming bitstreams. The methods for identifying and handling errors and other such situations are not described here.

The following table lists examples of pseudo code used to describe the syntax. When syntax_element appears, it specifies
that a data element is read (extracted) from the bitstream and the bitstream pointer.

C—1Deseriptor
/* A statement can be a syntax element with an associated syntax category and
desgriptor or can be an expression used to specify conditions for the existence,
typ¢, and quantity of syntax elements, as in the following two examples */
syntax_element 3 | ue(®

conflitioning statement

/* A group of statements enclosed in curly brackets is a compound statement and
is teated functionally as a single statement. */

{

statement

statement

/* A “while” structure specifies a test of whether a conditioen is true, and if true,
speg¢ifies evaluation of a statement (or compound statemerit) repeatedly until the
conflition is no longer true */

whille( condition )

sfatement

/* A “do ... while” structure specifies évaluation of a statement once, followed by
a tept of whether a condition is true,-and if true, specifies repeated evaluation of
the ptatement until the conditiop-i5.no longer true */

do

statement

whille( condition )

/* An “if ... els€’ structure specifies a test of whether a condition is true, and if
the pondition(is\true, specifies evaluation of a primary statement, otherwise,
speg¢ifies evaluation of an alternative statement. The “else” part of the structure
and|the associated alternative statement is omitted if no alternative statement
evaluation is needed */

if( condition’)

primary statement
else

alternative statement

/* A “for” structure specifies evaluation of an initial statement, followed by a test
of a condition, and if the condition is true, specifies repeated evaluation of a
primary statement followed by a subsequent statement until the condition is no
longer true. */

for( initial statement; condition; subsequent statement )

primary statement
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The functions presented here are used in the syntactical description. These functions assume the existence of a bitstream
pointer with an indication of the position of the next bit to be read by the decoding process from the bitstream.

byte .

aligned( ) is specified as follows.

If the current position in the bitstream is on a byte boundary, i.e., the next bit in the bitstream is the first bit in a

byte, the return value of byte aligned( ) is equal to TRUE.
Otherwise, the return value of byte aligned( ) is equal to FALSE.

more_data_in_byte stream( ), which is used only in the byte stream NAL unit syntax structure specified in Annex B, is

speci

]
i

more

next |
Provi
speci

read |
equal

Categ
data
categ]
speci
categ]
categ]
synta
syntal
provi
mark

The f

Tedas follows:
If more data follow in the byte stream, the return value of more data in byte stream( ) is equalto
Otherwise, the return value of more data in_byte stream( ) is equal to FALSE.

| tbsp_data( ) is specified as follows.

If there is more data in an RBSP before rbsp_trailing_bits( ), the return valuge of more rbsp dat3
TRUE.

Otherwise, the return value of more rbsp data( ) is equal to FALSE.

'he method for enabling determination of whether there is more data inthe RBSP is specified by the
h Annex B for applications that use the byte stream format).

| tbsp_trailing_data( ) is specified as follows.
If there is more data in an RBSP, the return value of mdrg ‘rbsp_trailing_data( ) is equal to TRUE.
Otherwise, the return value of more rbsp _trailingdata( ) is equal to FALSE.

bits( n ) provides the next bits in the bitstream for comparison purposes, without advancing the bits
des a look at the next n bits in the bitstreamyWwith n being its argument. When used within the Y
fied in Annex B, next_bits( n ) returns a value of 0 if fewer than n bits remain within the byte stream.

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

ories (labelled in the table as C)'specify the partitioning of slice data into at most three slice data paj
partition A contains all syntax-elements of category 2. Slice data partition B contains all synta
pry 3. Slice data partition, C-eontains all syntax elements of category 4. The meaning of other categor
fied. For some syntax ‘¢lements, two category values, separated by a vertical bar, are used. In th
pry value to be applied s further specified in the text. For syntax structures used within other syntax
pries of all syntak e¢lements found within the included syntax structure are listed, separated by a V
k element or syntax structure with category marked as "All" is present within all syntax structures th
X element of/syntax structure. For syntax structures used within other syntax structures, a numeric d
ded in a.syntax table at the location of the inclusion of a syntax structure containing a syntax element
pd as *All" is considered to apply to the syntax elements with category "All".

bllowing descriptors specify the parsing process of each syntax element. For some syntax elements, ty

TRUE.

() is equal to

pplication (or

fream pointer.
yte stream as

1s. When n is

rtitions. Slice
kK elements of
y values is not
Ese cases, the
structures, the
ertical bar. A
it include that
ategory value
with category

o descriptors,

separ

ated Dy a vertical bar, arc used. In these cases, the lelt descriptors apply when entropy coding_mode flag is equal
to 0 and the right descriptor applies when entropy coding_mode flag is equal to 1.

ae(v): context-adaptive arithmetic entropy-coded syntax element. The parsing process for this descriptor is

specified in subclause 9.3.

b(8): byte having any pattern of bit string (8 bits). The parsing process for this descriptor is specified by the

return value of the function read_bits( 8 ).

ce(v): context-adaptive variable-length entropy-coded syntax element with the left bit first. The parsing process

for this descriptor is specified in subclause 9.2.

f(n): fixed-pattern bit string using n bits written (from left to right) with the left bit first. The parsing process for

this descriptor is specified by the return value of the function read bits( n ).

© ISO/IEC 2004 — All rights reserved
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7.3

7.3.1

30

i(n): signed integer using n bits. When n is "v" in the syntax table, the number of bits varies in a manner
dependent on the value of other syntax elements. The parsing process for this descriptor is specified by the
return value of the function read bits( n ) interpreted as a two’s complement integer representation with most
significant bit written first.

me(v): mapped Exp-Golomb-coded syntax element with the left bit first. The parsing process for this descriptor
is specified in subclause 9.1.

se(v): signed integer Exp-Golomb-coded syntax element with the left bit first. The parsing process for this
descriptor is specified in subclause 9.1.

te(v): truncated Exp-Golomb-coded syntax element with left bit first. The parsing process for this descriptor is
specified-in-subelause-9-1-

u(n):lunsigned integer using n bits. When n is "v" in the syntax table, the number of bits varies in{aympanner
depehdent on the value of other syntax elements. The parsing process for this descriptor is spegified Hy the
returh value of the function read bits( n ) interpreted as a binary representation of an unsigned ifiteger withl most
signifficant bit written first.

ue(v): unsigned integer Exp-Golomb-coded syntax element with the left bit first. The parsing process fdr this
desctiptor is specified in subclause 9.1.

Syntax in tabular form

NAIL unit syntax

nal |unit( NumBytesInNALunit ) { C | Descriptor
forbidden_zero_bit All | f(1)
I1al_ref_idc All | u(2)
nlal_unit_type All | u(5)

NumBytesInRBSP = 0

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

if( 1+ 2 < NumBytesInNALunit && next” bits( 24 ) == 0x000003 ) {

rbsp_byte[ NumBytesInRBSPs+4] All | b(8)

rbsp_byte[ NumBytesInRBSP++ | All | b(8)

i+=2

emulation_prevention:_three_byte /* equal to 0x03 */ All | f(8)
} else

rbsp_byte[ NumBytesInRBSP++ | All | b(8)

© ISO/IEC 2004 — All rights reserved


https://iecnorm.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

7.3.2  Raw byte sequence payloads and RBSP trailing bits syntax

7.3.2.1 Sequence parameter set RBSP syntax

seq_parameter_set_rbsp( ) { C | Descriptor

profile_idc 0 | u®
constraint_set()_flag 0 | ul)
constraint_setl flag 0 | u(l)
constraint_set2 flag 0 | u(l)
reserved_—zerv—Sbits7equat-to 60— v (o)
level idc 0 | u®
seq_parameter_set_id 0 |(uetv)
log2 max_frame num_minus4 0N ue(v)
pic_order_cnt_type 0 | ue(v)
if( pic_order _cnt _type == 0)

log2_max_pic_order_cnt_Isb_minus4 0 | ue(v)
else if( pic_order cnt type == 1) {

delta_pic_order_always zero_flag 0 | ul)

offset_for_non_ref pic 0 | se(v)

offset_for top_to_bottom_field 0 | se(v)

num_ref frames in_pic_order_cnt_cycle 0 | ue(v)

for(i=0;1i<num_ref frames in pic order cit cycle;i++)

offset_for ref frame|i|] 0 | se(v)

H
num_ref frames 0 | ue(v)
gaps_in_frame_num_value_allowed_flag 0 |ul)
pic_width_in_mbs_minusl 0 | ue(v)
pic_height_in_map_units minusl 0 | ue(v)
frame_mbs_only_flag 0 | ul)
if( [frame mbs_only-flag )

mb_adaptive\frame_field_flag 0 | ul)
direct_8x8-inference flag 0 | ul)
frame_¢ropping_flag 0 |ul)
if( ffame cropping_flag) {

frame_crop_left offset 0 | ue(v)

frame_crop_right offset 0 | ue(v)

frame crop_top_offset 0 | ue(v)

frame_crop_bottom_offset 0 | ue(v)
H
vui_parameters_present_flag 0 | u(l)
if( vui_parameters_present flag)

vui_parameters( ) 0
rbsp_trailing_bits( ) 0

H
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7.3.2.2 Picture parameter set RBSP syntax

32

pic_parameter_set rbsp( ) { C | Descriptor
pic_parameter_set_id 1 | ue(v)
seq_parameter_set_id 1 | ue(v)
entropy_coding_mode_flag 1| u(l)
pic_order_present_flag 1 | u(l)
num_slice_groups_minusl 1 | ue(v)
if( num_slice_groups minusl >0) {
slice_group_map_type 1 | ue(v)
if( slice_group _map type == 0)
for( iGroup = 0; iGroup <= num_slice_groups_minusl; iGroup++)
run_length minus1|[ iGroup | 1 | uew)
else if( slice_group map type == 2)
for( iGroup = 0; iGroup < num_slice_groups_minus1; iGroup++) {
top_left[ iGroup ] 1 | ue(v)
bottom_right[ iGroup | 1 | ue(v)
H
else if( slice_group map type == 3 ||
slice_group _map type == 4 ||
slice group map type == 5) {
slice_group_change_direction_flag 1| uwl)
slice_group_change rate_minusl 1 | ue(v)
} else if( slice_group map type == 6) {
pic_size_in_map_units_minusl 1 | ue(v)
for(1=0;1<=pic_size in_map_units-minusl; i++)
slice_group_id[ 1] I | uv)
H
H
r1um_ref_idx_lO_active_minus1 1 | ue(v)
dum_ref_idx_ll_active_minus1 1 | ue(v)
weighted pred_flag 1| uwl)
weighted_bipred. idc 1 | u®?)
plic_init_qp_minus26 /* relative to 26 */ 1 | se(v)
plic_init_gs-minus26 /* relative to 26 */ 1 | se(v)
chroma) qp_index_offset 1 | se(v)
deblocking_filter control_present flag 1 |u)
constrained_intra_pred_flag 1 | u(l)
redundant_pic_cnt_present_flag 1| u(l)
rbsp_trailing_bits( ) 1
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7.3.214

7.3.2.5

sei_rbsp() { C | Descriptor
do
sei_message( ) 5
while( more rbsp_data( ) )
rbsp_trailing_bits( ) 5
H
7.3.2{3.1 Supplemental enhancement information message syntax
sei_message( ) { C™ | Descriptor
payloadType =0
while( next_bits( 8 ) == OxFF) {
ff_byte /* equal to OxFF */ 5 f(8)
payloadType += 255
H
last_payload_type byte 5 | u®)
payloadType += last_payload type byte
payloadSize =0
while( next bits(8) == O0xFF ) {
ff_byte /* equal to OxFF */ 5 | f(8)
payloadSize += 255
H
last_payload_size byte 5 u(8)
payloadSize += last_payload (size byte
sei_payload( payloadType,-payloadSize ) 5
H
Access unit delimiter RBSP syntax
accegsnbnit_delimiter_rbsp( ) { C | Descriptor
primary_pic_type 6 | u@3)
tbsp_trailing_bits( ) 6
i}
End of sequence RBSP syntax
end of seq rbsp() { C | Descriptor

}
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7.3.2.6 End of stream RBSP syntax

end of stream rbsp() {

C | Descriptor

}

7.3.2.7 Filler data RBSP syntax

fille

r_data_rbsp( NumBytesInRBSP ) {

C | Descriptor

W

hile( next bits( 8 ) == OxFF)

ff_byte /* equal to OxFF */

f(8)

T

bsp_trailing_bits( )

7.3.2.8 Slic

e layer without partitioning RBSP syntax

slic

layer without partitioning rbsp( ) {

C Descriptor

22

ice_header( )

S

ice_data( ) /* all categories of slice_data( ) syntax */

21314

1l

bsp_slice _trailing_ bits( )

7.3.2.9 Slic

7.3.2.9.1 Slic

e data partition RBSP syntax

e data partition A RBSP syntax

slic

_data_partition_a_layer rbsp( )~

Descriptor

w2

ice_header( )

ice_id

ue(v)

w2

ice_data( ) /* only category 2 parts of slice_data( ) syntax */

1l

bsp_slice_trailing\bits( )

NN A

7.3.2.9.2 Slic|

e data‘partition B RBSP syntax

slice_data_partition b layer rbsp() {

C | Descriptor

slice_id 3 | ue(v)
if( redundant_pic_cnt present flag)
redundant_pic_cnt ue(v)

slice_data( ) /* only category 3 parts of slice_data( ) syntax */

tbsp_slice_trailing_bits( )

34
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7.3.2.9.3

7.3.2

7.3.2

7.3.3

ISO/IEC 14496-10:2004(E)

Slice data partition C RBSP syntax
slice_data_partition c layer rbsp() { C | Descriptor
slice_id 4 | ue(v)
if( redundant_pic_cnt present flag)
redundant_pic_cnt 4 | ue(v)
slice_data() /* only category 4 parts of slice_data( ) syntax */ 4
tbsp_slice_trailing_bits( ) 4
}
10 RBSP slice trailing bits syntax
rbsp_slice_trailing_bits( ) { C\."| Descriptor
rbsp_trailing_bits( ) All
if( entropy coding_mode flag)
while( more rbsp_trailing_data( ) )
cabac_zero_word /* equal to 0x0000 */ All | f(16)
}
11 RBSP trailing bits syntax
rbsp_trailing_bits( ) { C | Descriptor
rbsp_stop_one_bit /* equal to 1 */ All | f(1)
while( !byte aligned( ) )
rbsp_alignment_zero_bit /* equal to' 0 */ All | f(1)
}
Slice header syntax
slice_header( ) { C | Descriptor
first_mb_in_slice 2 | ue(v)
slice_type 2 | ue(v)
pic_parameter_set_id 2 | ue(v)
framé_hum 2 | uv)
ififrame mbs only flag) {
field_pic_flag 2 [ u(l)
if( field picflag)
bottom_field flag 2 [ u(l)
}
if( nal_unit_type == 5)
idr_pic_id 2 | ue(v)
if( pic_order cnt type == 0) {
pic_order_cnt_Isb 2 | uv)
if( pic_order present flag && !field pic flag)
delta_pic_order_cnt_bottom 2 | se(v)
}

© ISO/IEC 2004 — All rights reserved

35


https://iecnorm.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

36

if( pic_order cnt_type == 1 && !delta_pic_order always zero flag) {

delta_pic_order_cnt[ 0 ] se(V)
if( pic_order present flag && !field pic flag)
delta_pic_order_cnt[ 1 ] se(V)
}
if( redundant_pic_cnt present flag )
redundant_pic_cnt ue(v)
if( slice type == B)
. direct_spatial mv_pred_flag u(l)
iﬂ( slice type ==P || slice_type == SP ||slice type==B) {
num_ref idx_active_override flag u(l)
if( num_ref idx active override flag) {
num_ref idx 10_active _minusl ue(w)
if( slice type == B)
num_ref idx 11_active _minusl ue(v)
}
}
r¢f pic_list reordering( )
if( ( weighted pred flag && (slice type ==P || slice type==SP)) ||
( weighted bipred idc == 1 && slice type == B))
pred_weight table( )
if( nal ref idc!=0)
dec_ref pic_marking()
if( entropy_coding mode flag && slice type !=(1) && slice type != SI)
cabac_init_idc ue(v)
s‘ice_qp_delta se(V)
if slice type == SP || slice type == SI) {
if( slice type == SP)
sp_for_switch_flag u(l)
slice_qs_delta se(V)
}
if( deblocking_filter” control present flag) {
disable_deblocking_filter_idc ue(v)
if( disable.deblocking_filter ide != 1) {
slice~alpha_c0_offset_div2 se(v)
slice_beta_offset_div2 se(v)
}
}
if( num_slice_groups_minusl >0 &&
slice_group map type >=3 && slice group map type <=5)
slice_group_change_cycle u(v)
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Reference picture list reordering syntax

ISO/IEC 14496-10:2004(E)

ref pic_list reordering( ) {

C | Descriptor

if( slice type != 1 && slice type != SI) {

ref pic_list reordering_flag 10

2 | ul)

if( ref pic_list reordering flag 10)

do {

reordering_of pic_nums_idc

2 ue(v)

if( reordering of pic nums idc == 0 ||

reordering of pic nums idc == 1)

abs_diff pic_num_minusl

2 | uelw)

else if( reordering_of pic nums idc == 2)

long_term_pic_num

2 ue(v)

} while( reordering_of pic nums idc != 3)

}

if( slice type == B) {

ref pic_list_reordering_flag 11

2 | u(D)

if( ref pic_list reordering flag 11)

do {

reordering_of pic_nums_idc

2 ue(v)

if( reordering of pic nums idc == 0 ||
reordering of pic nums idc == 1)

abs_diff pic_num_minusl

2 ue(v)

else if( reordering_of pic nums idc == 2)

long_term_pic_num

2 ue(v)

} while( reordering_of pic nums idc != 3)

© ISO/IEC 2004 — All rights reserved
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7.3.3.2 Prediction weight table syntax

pred weight table() { C | Descriptor
luma_log2 weight_denom 2 | ue(v)
chroma_log2 weight_denom 2 | ue(v)
for(i=0;1i<=num ref idx 10 active minusl; i++) {
luma_weight 10_flag 2 | u(l)
if( luma_weight 10 flag) {
luma weight 10[i ] se(v)
luma_offset _10[ i ] se(v)
H
chroma_weight 10 flag 2 [ u(l)
if( chroma_weight 10 flag)
for(j=0;j<2;j++) {
chroma_weight 10[i][j] se(v)
chroma_offset 10[i][]] se(v)
H
H
if( slice_type == B)
for(i=0;1i<=num ref idx 11 _active minusl; i++) {
luma_weight 11 _flag 2 u(l)
if( luma_weight 11 flag) {
luma_weight 111 ] se(v)
luma_offset 11]1] se(v)
H
chroma_weight 11 _flag 2 [ u(l)
if( chroma_weight 11 _flag)
for(j=0;j<2;j++) {
chroma_weight I[,+][j ] se(v)
chroma_offset_11[i][]] se(v)
H
H
H

38
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Decoded reference picture marking syntax
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dec_ref pic_marking() { C | Descriptor
if( nal_unit_type == 5) {
no_output_of _prior_pics_flag 215 | u(l)
long_term_reference flag 215 | u(l)
} else {
adaptive_ref pic_marking mode_flag 215 | u(l)
if( adaptive ref pic _marking mode flag)
do {
memory_management_control_operation 215 | de(v)
if( memory management control_operation == 1 ||
memory_management _control operation == 3)
difference_of pic_nums_minusl 2|5 | ue(v)
if(memory management control operation == 2 )
long_term_pic_num 215 | ue(v)
if( memory management control operation == 3 ||
memory management control operation == 6)
long_term_frame idx 215 | ue(v)
if( memory management control_operation == 4 )
max_long_term_frame idx_plusl 215 | ue(v)
} while( memory _management_control operation != 0)
}
}

© ISO/IEC 2004 — All rights reserved
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7.3.4  Slice data syntax

slice_data( ) { C Descriptor

if( entropy_coding _mode flag)
while( !byte aligned( ) )
cabac_alignment_one_bit 2 f(1)
CurrMbAddr = first mb_in_slice * ( 1 + MbaffFrameFlag )
moreDataFlag = 1
prevMbSkipped = 0
do {
if( slice type !'= 1 && slice type != SI)
if( lentropy_coding_mode flag) {

mb_skip_run 2 ue(v)
prevMbSkipped = (mb_skip run>0)
for( 1=0; i<mb_skip run; i++)
CurrMbAddr = NextMbAddress( CurrMbAddr )
moreDataFlag = more_rbsp_data( )
} else {
mb_skip_flag 2 ae(v)

moreDataFlag = Imb_skip flag

}
if( moreDataFlag ) {

if( MbaftfFrameFlag && ( CurrMbAddr % 2 =<0 ||
( CurrMbAddr % 2 == 1 && prevMbSkipped )))
mb_field_decoding_flag 2 u(l) | ae(v)
macroblock layer( ) 21314

i
if( lentropy_coding mode flag)

moreDataFlag = more_rbsp.-data( )

else {
if( slice _type != H-&& slice type != SI)
prevMbSkipped = mb_skip flag
if( MbaffErameFlag && CurrMbAddr %2 == 0)
morePataFlag = 1

else-$

end_of slice flag 2 ae(v)

morePDataFElaac = lend of sliceflaa
Horetidtaiaf——eha—o0+—Srce—+de

H
CurrMbAddr = NextMbAddress( CurrMbAddr )

}+ while( moreDataFlag )
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7.3.5 Macroblock layer syntax

macroblock layer() { C | Descriptor

mb_type 2 ue(v) | ae(v)
if(mb_type==1 PCM) {
while( !byte aligned() )

pem_alignment_zero_bit 2 f(1)
for(1=0;1<256 * ChromaFormatFactor; i++)
pcm byte[i] 2 u(8)
} else {

if( MbPartPredMode( mb_type, 0) != Intra 4x4 &&
MbPartPredMode( mb_type, 0) != Intra 16x16 &&
NumMbPart( mb type) == 4)

sub_mb_pred( mb_type ) 2
else
mb_pred( mb_type ) 2
if( MbPartPredMode( mb_type, 0) != Intra 16x16)
coded_block pattern 2 me(Vv) | ag(v)

if( CodedBlockPatternLuma > 0 | | CodedBlockPatternChroma > 0 | |
MbPartPredMode( mb_type, 0) == Intra 16x16) §
mb_qp_delta 2 se(v) | ag(v)

residual( ) 314
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7.3.5.1

42

Macroblock prediction syntax

mb_pred( mb_type ) {

C | Descriptor

if( MbPartPredMode( mb_type, 0) == Intra 4x4 ||

MbPartPredMode( mb_type, 0 ) == Intra 16x16) {

if( MbPartPredMode( mb_type, 0 ) == Intra 4x4)

for( luma4x4Blkldx=0; luma4x4Blkldx<16; luma4x4Blkldx++) {

prev_intrad4x4 pred_mode_flag[ luma4x4BlkIdx |

2 | u(l)|ae(v)

if( !prev_intra4x4 pred mode flag| luma4x4BIkIdx ] )

rem_intradx4_pred_mode| lumadx4BIKIdxX ]

2 w3y Taev)

}

intra_chroma_pred_mode

2 | ue(v) | aé(v)

else if( MbPartPredMode( mb_type, 0) != Direct ) {

for( mbPartldx = 0; mbPartldx < NumMbPart( mb_type ); mbPartldx++)

if( (num_ref idx 10 active minusl >0 ||
mb_field decoding flag) &&
MbPartPredMode( mb_type, mbPartldx ) != Pred L1)

ref_idx_10[ mbPartIdx |

2 | te(v) | ae(v)

for( mbPartldx = 0; mbPartldx < NumMbPart( mb_type ); mbPartldxX++)

if( (num_ref idx 11 active minusl > 0 ||
mb_field decoding flag) &&
MbPartPredMode( mb_type, mbPartldx ) != Pred L0)

ref_idx_11[ mbPartldx |

2 | te(v) | ae(v)

for( mbPartldx = 0; mbPartldx < NumMbPart( mb_type"); mbPartldx++)

if( MbPartPredMode ( mb_type, mbPartldx ) = Pred L1 )

for( compldx = 0; compldx < 2; compldx*+')

mvd_10[ mbPartldx ][ 0 ][ compIdx\]

2 | se(v)|ae(v)

for( mbPartldx = 0; mbPartldx < NumMbPart( mb_type ); mbPartldx++)

if( MbPartPredMode( mb_type, fiibPartldx ) != Pred LO)

for( compldx = 0; compldx< 2; compldx++)

mvd_11[ mbPartldx I{'0 ][ compldx ]

2 | se(v) | ae(v)
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7.3.5.2 Sub-macroblock prediction syntax

sub mb pred( mb type) { C | Descriptor
for( mbPartldx = 0; mbPartldx < 4; mbPartldx++ )
sub_mb_type[ mbPartldx | 2 | ue(v) | ae(v)

for( mbPartldx = 0; mbPartldx < 4; mbPartldx++ )
if( (num_ref idx 10 active minusl > 0 || mb_field decoding flag) &&
mb_type != P_8x8ref0 &&
sub_mb_type[ mbPartldx ] != B_Direct 8x8 &&
SubMbPredMode( sub_mb_type[ mbPartldx ]) != Pred L1)

£ 100 1D oI 1 1 o) ol ool
FOrHax—1omor arrax eV rTag v

for( mbPartldx = 0; mbPartldx < 4; mbPartldx++)
if( (num_ref idx 11 _active minusl > 0 || mb_field decoding flag) &&
sub_mb_type[ mbPartldx | != B_Direct 8x8 &&
SubMbPredMode( sub_mb_type[ mbPartldx ]) != Pred L0)
ref idx 11[ mbPartldx | 2 | te(v) | ag(v)
for( mbPartldx = 0; mbPartldx < 4; mbPartldx++ )
if( sub_mb_type[ mbPartldx | = B_Direct 8x8 &&
SubMbPredMode( sub_ mb type[ mbPartldx ] ) != Pred L1)
for( subMbPartldx = 0;
subMbPartldx < NumSubMbPart( sub_mb_type[ mbPartldX | );
subMbPartldx++)
for( compldx = 0; compldx < 2; compldx++ )
mvd_10[ mbPartldx ][ subMbPartldx ][ compldx ] 2 | se(v) | ag(v)
for( mbPartldx = 0; mbPartldx < 4; mbPartldx++ )
if( sub_mb_type[ mbPartldx | != B_Direct 8x8)'&&
SubMbPredMode( sub_ mb type[ mbPartldx }) != Pred LO)
for( subMbPartldx = 0;
subMbPartldx < NumSubMbPartfsub_mb_type[ mbPartldx ] );
subMbPartldx++)
for( compldx = 0; compldx <2; compldx++ )
mvd_11[ mbPartldx ][ subMbPartldx ][ compldx ] 2 | se(v)|a¢

L~

v)
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7.3.5.3 Residual data syntax

residual( ) { C Descriptor

if( lentropy_coding_mode flag)

residual_block = residual block cavlc

else

residual_block = residual block cabac
if( MbPartPredMode( mb_type, 0 ) == Intra_16x16)
residual block(Intral6x16DClLevel, 16 ) 3
fpr( 18x8 = 0; i8x8 < 4; i8x8++) /* each luma 8x8 block */
for( 14x4 = 0; 14x4 < 4; i4x4++) /* each 4x4 sub-block of block */
if( CodedBlockPatternLuma & (1 <<i8x8)) {
if( MbPartPredMode( mb_type, 0 ) == Intra_16x16)
residual_block( Intral6x16ACLevel[ i8x8 * 4 +i4x4 ], 15) 3
else
residual_block( LumaLevel[ i8x8 * 4 +i4x4 ], 16) 314
}else {
if( MbPartPredMode( mb_type, 0 ) == Intra 16x16)
for(1=0;1<15;i++)
Intral6x16ACLevel[ i8x8 *4 +i4x4 ][1]=0

else
for(i=0;1<16;i++)
LumaLevel[ i8x8 *4 +i4x4 J[1]=0

H
fpr( iCbCr = 0; iCbCr < 2; iCbCr++)
if( CodedBlockPatternChroma & 3 ) /*'¢hroma DC residual present */
residual_block( ChromaDCLevelf,iCbCr ], 4 ) 314
else
for(i=0;1<4;itt)
ChromaDCLevel[ iCbCr]J[1]=0
fpr( iCbCr = 0; iICbCr<2; iCbCr++ )
for( 14x4 = 0; 14%4,< 4; i4x4++)

if( CodedBlockPatternChroma & 2 )
/* chtoma AC residual present */
residual_block( ChromaACLevel[ iCbCr ][ i4x4 ], 15) 3|4

¢lse
for(1=0;1<15;i++)
ChromaACLevel[ iCbCr ][ 14x4 ][1]=0
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7.3.5.3.1 Residual block CAVLC syntax

residual_block cavlc( coeffLevel, maxNumCoeff') { C | Descriptor
for( 1= 0; 1 < maxNumCoeff; i++)
coeffLevel[i]=0
coeff_token 314 | ce(v)
if( TotalCoeff( coeff token)>0) {
if( TotalCoeff( coeff token)> 10 && TrailingOnes( coeff token ) <3)
suffixLength = 1
else
suffixLength =0
for(i=0; i < TotalCoeff( coeff token ); i++)
if( 1 < TrailingOnes( coeff token) ) {

trailing_ones_sign_flag 314 | u(l)
level[ 1] =1 -2 * trailing_ones_sign_flag

}else {
level prefix 314 | ce(v)

levelCode = ( level prefix << suffixLength )

if( suffixLength >0 || level prefix >=14) {
level suffix 314 | u(v)
levelCode += level suffix

}
if( level prefix == 15 && suffixLength == 0)

levelCode += 15

if(1 == TrailingOnes( coeff, token ) &&
TrailingOnes( coeff token) <3 )
levelCode +=2

if( levelCode % 2 =70 )

level[ 1] = (JevelCode +2)>>1
else

level[4.] = (—levelCode — 1 )>>1
if( suffixLength == 0)

suffixLength = 1

if( Abs(level[1]) > (3 <<(suffixLength—1)) &&
suffixLength <6 )
suffixLength++

}

HTotalCoetfcoefftoken)<maxNumCoeff )|

total_zeros 314 | ce(v)

zerosLeft = total _zeros

} else

zerosLeft =0
for(i=0; i< TotalCoeff( coeff token)— 1;i++) {
if( zerosLeft>0) {
run_before 314 | ce(v)

run[ i ] = run_before

} else
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run[i]=0
zerosLeft = zerosLeft — run[ i |
}
run[ TotalCoeff( coeff token )— 1 ]=zerosLeft
coeffNum = -1
for( i = TotalCoeff( coeff token)—1;i>=0;i--) {
coeffNum +=run[i]+1
coeffLevel[ coeffNum | = level[ i ]
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7.3.5.3.2 Residual block CABAC syntax

residual_block cabac( coeffLevel, maxNumCoeff) { C | Descriptor
coded_block flag 314 | ae(v)
if( coded block flag) {

numCoeff = maxNumCoeff

i=0
do {
significant_coeff flag|i] 314 | ae(v)
if( significant coeff flag[i]) {
last_significant_coeff flag[i] 314 | ae(w)

if( last_significant coeff flag[i]) {
numCoeff=1+1
for( j = numCoeff; j < maxNumCoeff; j++)
coeffLevel[j]=0

H
H
i++
} while(1 < numCoeff-1)
coeff_abs level minusl|[ numCoeff-1 ] 314 | ae(v)
coeff sign_flag] numCoeff-1 ] 314 | ae(v)

coeffLevel[ numCoeff-1 ] =
( coeff abs_level minusl[ numCoeff - IN}+ 1) *
(1-2 * coeff sign flag[ numCoeff= I'])

for( 1 =numCoeff-2;1>=0;i--) {

if( significant_coeff flag[i]).{

coeff abs_level minuslfi] 314 | ae(v)

coeff _sign_flag[ i | 314 | ae(v)

coeffLevel[ i | ={(\coeff abs level minusl[i]+1)*
(1-2 * coeff sign flag[i])

} else
coefflevel[ i]=0

}

} else
for(1'= 0; i < maxNumCoeff; i++)
coeffLevel[1]=0

7.4 Semantics

7.4.1 NAL unit semantics

NOTE - The VCL is specified to efficiently represent the content of the video data. The NAL is specified to format that data and
provide header information in a manner appropriate for conveyance on a variety of communication channels or storage media. All
data are contained in NAL units, each of which contains an integer number of bytes. A NAL unit specifies a generic format for use
in both packet-oriented and bitstream systems. The format of NAL units for both packet-oriented transport and byte stream is
identical except that each NAL unit can be preceded by a start code prefix and extra padding bytes in the byte stream format.

NumBytesInNALunit specifies the size of the NAL unit in bytes. This value is required for decoding of the NAL unit.
Some form of demarcation of NAL unit boundaries is necessary to enable inference of NumBytesInNALunit. One such
demarcation method is specified in Annex B for the byte stream format. Other methods of demarcation may be specified
outside of this Recommendation | International Standard.
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forbidden_zero_bit shall be equal to 0.

nal_ref_idc not equal to 0 specifies that the content of the NAL unit contains a sequence parameter set or a picture
parameter set or a slice of a reference picture or a slice data partition of a reference picture.

nal ref idc equal to 0 for a NAL unit containing a slice or slice data partition indicates that the slice or slice data
partition is part of a non-reference picture.

nal_ref idc shall not be equal to 0 for sequence parameter set or picture parameter set NAL units. When nal_ref idc is
equal to 0 for one slice or slice data partition NAL unit of a particular picture, it shall be equal to 0 for all slice and slice
data partition NAL units of the picture.

nal_ref idc shall not be equal to 0 for IDR NAL units, i.e., NAL units with nal unit type equal to 5.

nal_ref idc sh

nal_unit_typg specifies the type of RBSP data structure contained in the NAL unit as specified in Table 741} ;VCL

units are spec

non-VCL NAL units.

The column rmarked "C" in Table 7-1 lists the categories of the syntax elements that may be present’in the NAL un|
addition, synthx elements with syntax category "All" may be present, as determined by the syntax and semantics

RBSP data sti

the syntax angl semantics of the associated RBSP data structure. nal_unit_type shall not’be-¢qual to 3 or 4 unless a
one syntax elpment is present in the RBSP data structure having a syntax element category value equal to the va

nal_unit type

all be equal to 0 for all NAL units having nal unit_type equal to 6, 9, 10, 11, or 12.

fied as those NAL units having nal_unit_type equal to 1 to 5, inclusive. All remaining NAL units are

ucture. The presence or absence of any syntax elements of a particular listed category is determined]

and not categorized as "All".

Table 7-1 — NAL unit type codes

NAL
talled

it. In
bf the
from
least
ue of

nal_unit_type Content of NAL unit and\RBSP syntax structure C

0 Unspecified

1 Coded slice of a non=IDR picture 2,3,4
slice_layer withett partitioning rbsp()

2 Coded slice data partition A 2
slice datal‘partition a layer rbsp()

3 Codedyslice data partition B 3
slice“data_partition b layer rbsp()

4 Coded slice data partition C 4
slice data partition ¢ layer rbsp()

5 Coded slice of an IDR picture 2,3
slice layer without partitioning rbsp( )

6 Supplemental enhancement information (SEI) 5
sei_rbsp()

7 Sequence parameter set 0
seq parameter set rbsp( )

8 Picture parameter set 1
prc—paramcter—setTbspt)

9 Access unit delimiter 6
access_unit delimiter rbsp( )

10 End of sequence 7
end of seq rbsp()

11 End of stream 8
end of stream rbsp()

12 Filler data 9
filler data rbsp()

13..23 Reserved
24.31 Unspecified

48

© ISO/IEC 2004 — All rights reserved


https://iecnorm.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-

NAL units that use nal unit type equal to 0 or in the range of 24..31, inclusive, shall not affect the dec
specified in this Recommendation | International Standard.

NOTE — NAL unit types 0 and 24..31 may be used as determined by the application. No decoding process for
nal_unit_type is specified in this Recommendation | International Standard.

10:2004(E)

oding process

these values of

Decoders shall ignore (remove from the bitstream and discard) the contents of all NAL units that use reserved values of

nal unit_type.
NOTE — This requirement allows future definition of compatible extensions to this Recommendation | International

In the text, coded slice NAL unit collectively refers to a coded slice of a non-IDR picture NAL unit or to a
an IDR picture NAL unit.

ANLA

Standard.

coded slice of

the value of

th_ t}l\, Va}u\.a Uf ua}_uuit_t_yy\. ;D \.«\iual tU 5 fUl d anL Ulllt \.«Uuta;u;uo a DI;\.«\.« Uf a \uUd\ad Pi\utbLl\.a
nal_unit type shall be 5 in all other VCL NAL units of the same coded picture. Such a picture is referred
pictufe.

NPTE - Slice data partitioning cannot be used for IDR pictures.

rbsp| byte| i] is the i-th byte of an RBSP. An RBSP is specified as an ordered sequence of bytes'as follows,

The RBSP contains an SODB as follows.
- the SODB is empty (i.e., zero bits in length), the RBSP is also empty.
- therwise, the RBSP contains the SODB as follows.
|) The first byte of the RBSP contains the (most significant, left-mest) ‘eight bits of the SODB; th|
the RBSP shall contain the next eight bits of the SODB, etc., until-fewer than eight bits of the SOI
P) rbsp_trailing_bits( ) are present after the SODB as follows:
i)  The first (most significant, left-most) bits of the final RBSP byte contains the remaining bits
(if any)
ii) The next bit consists of a single rbsp_stop_oinie_bit equal to 1, and
iil) When the rbsp stop one bit is not\‘the last bit of a byte-aligned byte, o
rbsp_alignment zero_bit is present tor€sult in byte alignment.
B)  One or more cabac_zero_word 16-bit syfitax elements equal to 0x0000 may be present in some R
rbsp_trailing_bits( ) at the end of the RBSP.
Syntdx structures having these RBSP propérties are denoted in the syntax tables using an " _rbsp" suffix. TI

shall |be carried within NAL units as«the content of the rbsp_byte[ i | data bytes. The association of the
strucfures to the NAL units shall be as-specified in Table 7-1.

NPTE - When the boundaries of‘the RBSP are known, the decoder can extract the SODB from the RBSP by conca
off the bytes of the RBSP and discarding the rbsp_stop one bit, which is the last (least significant, right-most) bit
digcarding any following-(less significant, farther to the right) bits that follow it, which are equal to 0. The data n
ddcoding process is contained in the SODB part of the RBSP.

emulation_prevention: three_byte is a byte equal to 0x03. When an emulation_prevention_three byte is
NAL/|unit, it shall_be*discarded by the decoding process.

The ||
With

hst byte.of the NAL unit shall not be equal to 0x00.

n the NAL unit, the following three-byte sequences shall not occur at any byte-aligned position:

to as an IDR

e next byte of
DB remain.

of the SODB,

¢ Oor more

BSPs after the

lese structures
RBSP syntax

enating the bits
equal to 1, and
ecessary for the

present in the

XO00000
0x000001
0x000002

Within the NAL unit, any four-byte sequence that starts with 0x000003 other than the following sequences shall not

occur at any byte-aligned position:
0x00000300
0x00000301
0x00000302
0x00000303
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7.4.1.1 Encapsulation of an SODB within an RBSP (informative)
This subclause does not form an integral part of this Recommendation | International Standard.

The form of encapsulation of an SODB within an RBSP and the use of the emulation prevention three byte for
encapsulation of an RBSP within a NAL unit is specified for the following purposes:

—  to prevent the emulation of start codes within NAL units while allowing any arbitrary SODB to be represented
within a NAL unit,

— to enable identification of the end of the SODB within the NAL unit by searching the RBSP for the
rbsp_stop one bit starting at the end of the RBSP, and

—  to enable a NAL unit to have a size larger than that of the SODB under some circumstances (using one or more
cabac_zdro word).

The encoder dan produce a NAL unit from an RBSP by the following procedure:
The RBSP dafa is searched for byte-aligned bits of the following binary patterns:

'00J00000 00000000 000000xx' (where xx represents any 2 bit pattern: 00, 01, 10, or 11),
and a byte eqyal to 0x03 is inserted to replace these bit patterns with the patterns

'00Jo0000 00000000 00000011 000000xx',

and finally, when the last byte of the RBSP data is equal to 0x00 (which can only’gecur when the RBSP ends in a
cabac_zero_word), a final byte equal to 0x03 is appended to the end of the data.

The resulting[sequence of bytes is then prefixed with the first byte of the NAI unit containing the indication of th¢ type
of RBSP data|structure it contains. This results in the construction of the entife) NAL unit.

This process ¢an allow any SODB to be represented in a NAL unit whild.ensuring that
—  no byte-gligned start code prefix is emulated within the NAL uait, and

— no sequepce of 8 zero-valued bits followed by a start code prefix, regardless of byte-alignment, is emulated Within
the NAL|unit.

7.4.1.2 Order of NAL units and association to coded-pictures, access units, and video sequences

This subclausp specifies constraints on the order of NAL units in the bitstream. Any order of NAL units in the bitsfream
obeying these| constraints is referred to in the text.as the decoding order of NAL units. Within a NAL unit, the synfax in
subclauses 7|3, D.1, and E.1 specifies thet-decoding order of syntax elements. Decoders conforming td this
Recommendafion | International Standard.shall be capable of receiving NAL units and their syntax elements in decpding
order.

7.4.1.2.1 Order of sequence and-picture parameter set RBSPs and their activation

NOTE — THe sequence and picture parameter set mechanism decouples the transmission of infrequently changing information from
the transmipsion of coded macroblock data. Sequence and picture parameter sets may, in some applications, be conveyed "gut-of-
band" using a reliable transport mechanism.

A picture parpmeter set-RBSP includes parameters that can be referred to by the coded slice NAL units or coded slice
data partition|A NAD-units of one or more coded pictures. Each picture parameter set RBSP is initially considerdd not
active at the start.of the operation of the decoding process. At most one picture parameter set RBSP is considered jctive
at any given homent-during the-operation-of the-decoding processand-the-activation-of anyparticular picture-parameter
set RBSP results in the deactivation of the previously-active picture parameter set RBSP (if any).

When a picture parameter set RBSP (with a particular value of pic_parameter_set id) is not active and it is referred to by
a coded slice NAL unit or coded slice data partition A NAL unit (using that value of pic_parameter set id), it is
activated. This picture parameter set RBSP is called the active picture parameter set RBSP until it is deactivated by the
activation of another picture parameter set RBSP. A picture parameter set RBSP, with that particular value of
pic_parameter set id, shall be available to the decoding process prior to its activation.

Any picture parameter set NAL unit containing the value of pic_parameter set id for the active picture parameter set
RBSP shall have the same content as that of the active picture parameter set RBSP unless it follows the last VCL NAL
unit of a coded picture and precedes the first VCL NAL unit of another coded picture.

A sequence parameter set RBSP includes parameters that can be referred to by one or more picture parameter set RBSPs
or one or more SEI NAL units containing a buffering period SEI message. Each sequence parameter set RBSP is initially
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considered not active at the start of the operation of the decoding process. At most one sequence parameter set RBSP is
considered active at any given moment during the operation of the decoding process, and the activation of any particular
sequence parameter set RBSP results in the deactivation of the previously-active sequence parameter set RBSP (if any).

When a sequence parameter set RBSP (with a particular value of seq parameter set id) is not already active and it is
referred to by activation of a picture parameter set RBSP (using that value of seq_parameter_set _id) or is referred to by
an SEI NAL unit containing a buffering period SEI message (using that value of seq parameter_set id), it is activated.
This sequence parameter set RBSP is called the active sequence parameter set RBSP until it is deactivated by the
activation of another sequence parameter set RBSP. A sequence parameter set RBSP, with that particular value of
seq_parameter set_id, shall be available to the decoding process prior to its activation. An activated sequence parameter

set RBSP shall remain active for the entire coded video sequence.

N
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main active for the entire coded video sequence, a sequence parameter set RBSP can only be activated by a buffg
pssage when the buffering period SEI message is part of an IDR access unit.

kequence parameter set NAL unit containing the value of seq_parameter set id for the active/seque
BSP shall have the same content as that of the active sequence parameter set RBSP unless, it’follows

f a coded video sequence and precedes the first VCL NAL unit and the first SEI NAT-unit containi
1 SEI message (when present) of another coded video sequence.

DTE — If picture parameter set RBSP or sequence parameter set RBSP are conveyed, within the bitstream, t}

ipose an order constraint on the NAL units that contain the picture parameter set~RBSP or sequence parani
Epectively. Otherwise (picture parameter set RBSP or sequence parameter set RBSPhare conveyed by other mea

Ese constraints are obeyed.

onstraints that are expressed on the relationship between the values of the syntax elements (and
bles derived from those syntax elements) in sequence parametersets and picture parameter sets and
pnts are expressions of constraints that apply only to the‘active sequence parameter set and the
heter set. If any sequence parameter set RBSP is present, that is not activated in the bitstream, its sy
have values that would conform to the specified constraints if it were activated by reference in
rming bitstream. If any picture parameter set RBSR is'present that is not ever activated in the bitstrg
pnts shall have values that would conform to the ‘specified constraints if it were activated by rg
wise-conforming bitstream.

g operation of the decoding process (see elause 8), the values of parameters of the active picture par:
Ctive sequence parameter set shall be considered in effect. For interpretation of SEI messages, the
heters of the picture parameter set and sequence parameter set that are active for the operation of]

wise specified in the SEI message’ semantics.

2.2 Order of access units and association to coded video sequences
stream conforming tO this Recommendation | International Standard consists of one or more coded vid

led video sequence consists of one or more access units. The order of NAL units and coded pict
iation to access.units is described in subclause 7.4.1.2.3.

The flirst access-unit of each coded video sequence is an IDR access unit. All subsequent access units in thj

sequg

The Y

nce are non-IDR access units.

alueS of picture order count for the coded pictures in consecutive access units in decoding order ¢

set RBSP must
ring period SEI

nce parameter
he last access
hg a buffering

lese constraints
eter set RBSP,
hs not specified

this Recommendation | International Standard), they must be available to the decoding process in a timely fashion such that

the values of
| other syntax
active picture
ntax elements
an otherwise-
m, its syntax
ference in an

umeter set and
values of the
the decoding

ss for the VCL NAL units of the primary coded picture in the same access unit shall be considered i effect unless

£O sequences.

hres and their

e coded video

ntaining non-

reference pictures shall be non-decreasing.

When present, an access unit following an access unit that contains an end of sequence NAL unit shall be an IDR access
unit.

When an SEI NAL unit contains data that pertain to more than one access unit (for example, when the SEI NAL unit has
a coded video sequence as its scope), it shall be contained in the first access unit to which it applies.

When an end of stream NAL unit is present in an access unit, this access unit shall be the last access unit in the bitstream
and the end of stream NAL unit shall be the last NAL unit in that access unit.

© ISO/IEC 2004 — All rights reserved 51


https://iecnorm.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

7.4.1.2.3 Order of NAL units and coded pictures and association to access units

An access unit consists of one primary coded picture, zero or more corresponding redundant coded pictures, and zero or
more non-VCL NAL units. The association of VCL NAL units to primary or redundant coded pictures is described in

subclause 7.4.

1.2.5.

The first of any of the following NAL units after the last VCL NAL unit of a primary coded picture specifies the start of
a new access unit.

- access un

- sequence

it delimiter NAL unit (when present)

parameter set NAL unit (when present)

AL

- picture p
- SEINAL
- NAL uni
- first VCL

The constraid
7.4.12.4.

The following
unit.

- When an
unit delin

- Whenan

- When an
be the fir:

- The prim|

- When rd
redundan|

- When an
pictures

- Whenan

- NAL uni
NAL uni

NOTE - S4
the last V(
access unit
NOTE - W
coded pictu

Tameter setINAEunt{wier present)

unit (when present)

s with nal_unit_type in the range of 13 to 18, inclusive
NAL unit of a primary coded picture (always present)

ts for the detection of the first VCL NAL unit of a primary coded picture arespecified in subq

constraints shall be obeyed by the order of the coded pictures and non-YVCL/NAL units within an 3

access unit delimiter NAL unit is present, it shall be the first NALQmit. There shall be at most one 3
hiter NAL unit in any access unit.

y SEI NAL units are present, they shall precede the primary ¢oded picture.

SEI NAL unit containing a buffering period SEI message/is present, the buffering period SEI message
t SEI message payload of the first SEI NAL unit in thelaccess unit

hry coded picture shall precede the correspondingredundant coded pictures.

if any).
end of stream NAL unit is présent, it shall be the last NAL unit.

s having nal unit_type equal to 0, 12, or in the range of 19 to 31, inclusive, shall not precede the first
of the primary codedpicture.

quence parameter\set NAL units or picture parameter set NAL units may be present in an access unit, but cannot
L NAL unit\ef-the primary coded picture within the access unit, as this condition would specify the start of

hen aNAL unit having nal_unit_type equal to 7 or 8 is present in an access unit, it may or may not be referred to
res’of'the access unit in which it is present, and may be referred to in coded pictures of subsequent access units.

lause

CCESs

CCESS

shall

dundant coded pictures are present, they ‘shall be ordered in ascending order of the wvalge of
L pic_cnt.
end of sequence NAL unit is present, it shall follow the primary coded picture and all redundant

toded

VCL

follow
h new

in the

The structure

0f acTes3 UMt Ot COMMAINNg any INAL UNits WillT Tial_Umit_type equat 1o U; 7, 8, Of I the range of 12

inclusive, is shown in Figure 7-1.
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access unit delimiter
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Figu
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This
NAL
Any

unit {
pictuf

primary coded picture

Y

redundant coded picture

-

\ J

end of sequence

-

\ J

end of stream

-

\/

end

e 7-1 — The structure of an access unit not containing any NAL units with nal_unit_type equal t
the range of 12 to 31, inclusive

2.4 Detection of the first VCL.NAL unit of a primary coded picture

subclause specifies constraintsson VCL NAL unit syntax that are sufficient to enable the detection off
unit of each primary coded picture.

oded slice NAL unit.or coded slice data partition A NAL unit of the primary coded picture of the
hall be different from any coded slice NAL unit or coded slice data partition A NAL unit of the
¢ of the previous access unit in one or more of the following ways.

ame num.differs in value. The value of frame num used to test this condition is the value of fr
ppears inthe syntax of the slice header, regardless of whether that value is inferred to have been

b 0,7, 8, or in

the first VCL

current access
rimary coded

hme num that
equal to 0 for

bsequent use in the decoding process due to the presence of memory management control operatio
NOTE : A consequence of the above statement is that a primary coded picture having frame num eq

- pic_parameter_set id differs in value.

- field pic_flag differs in value.

- bottom field flag is present in both and differs in value.

- nal ref idc differs in value with one of the nal ref idc values being equal to 0.

- pic_order cnt type is equal to0 for both and either pic order cnt Isb differs in
delta pic_order cnt bottom differs in value.

equal to 5.
al to 1 cannot

w is fulfilled for

value, or

- pic_order cnt type is equal tol for both and either delta pic order cnt[ 0] differs in wvalue, or
delta_pic_order cnt[ 1 ] differs in value.
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- nal unit_type differs in value with one of the nal unit_type values being equal to 5.

- nal unit type is equal to 5 for both and idr_pic_id differs in value.

NOTE — Some of the VCL NAL units in redundant coded pictures or some non-VCL NAL units (e.g. an access unit delimiter
NAL unit) may also be used for the detection of the boundary between access units, and may therefore aid in the detection of the
start of a new primary coded picture.

7.4.1.2.5 Order of VCL NAL units and association to coded pictures
Each VCL NAL unit is part of a coded picture.

The order of e VEENAT tmits withimacoded IDR picture fs comstraimed s fottows

- If arbitrary slice order is allowed as specified in Annex A, coded slice of an IDR picture NAL units may.havie any
order reldtive to each other.

- Otherwisp (arbitrary slice order is not allowed), the order of coded slice of an IDR picture NAL units’shall be jn the
order of ipcreasing macroblock address for the first macroblock of each coded slice of an IDR picture NAL unit.

The order of the VCL NAL units within a coded non-IDR picture is constrained as follows.

- If arbitraty slice order is allowed as specified in Annex A, coded slice of a non-IDR picture NAL units or coded slice
data partition A NAL units may have any order relative to each other. A coded slicgdata partition A NAL unit ywith a
particulal value of slice id shall precede any present coded slice data partition-B\NAL unit with the same value of
slice_id. ;A coded slice data partition A NAL unit with a particular value of slice”id shall precede any present ¢oded
slice dataf partition C NAL unit with the same value of slice_id. When a caded slice data partition B NAL unit ith a
particulay value of slice id is present, it shall precede any present coded)slice data partition C NAL unit with the
same valfie of slice id.

- Otherwisp (arbitrary slice order is not allowed), the order of coded slice of a non-IDR picture NAL units or ¢oded
slice datd partition A NAL units shall be in the order of increasing macroblock address for the first macroblqck of
each codpd slice of a non-IDR picture NAL unit or coded“slice data partition A NAL unit. A coded slicg data
partition |JA NAL unit with a particular value of slicexidshall immediately precede any present coded slic¢ data
partition B NAL unit with the same value of slice id. A coded slice data partition A NAL unit with a particular[value
of slice {d shall immediately precede any presentycoded slice data partition C NAL unit with the same value of
slice_id, when a coded slice data partition B NAL unit with the same value of slice id is not present. When a ¢oded
slice data| partition B NAL unit with a particulap value of slice_id is present, it shall immediately precede any pfesent
coded sli¢e data partition C NAL unit with.the same value of slice id.

NAL units having nal unit_type equal to/ 12*may be present in the access unit but shall not precede the first VCL|NAL
unit of the prifnary coded picture within'the access unit.

NAL units hayving nal unit type €qual to 0 or in the range of 24 to 31, inclusive, which are unspecified, may be pfesent
in the access ynit but shall not precede the first VCL NAL unit of the primary coded picture within the access unit.

NAL units having nal unit, type in the range of 19 to 23, inclusive, which are reserved, shall not precede the firstf VCL
NAL unit of the primagy coded picture within the access unit (when specified in the future by ITU-T | ISO/IEC).

7.42  Raw|byt€ sequence payloads and RBSP trailing bits semantics

7.4.2.1 Sequence parameterset RBSP semantics

profile_idc and level_idc indicate the profile and level to which the bitstream conforms, as specified in Annex A.

constraint_set0_flag equal to 1 indicates that the bitstream obeys all constraints specified in subclause A.2.1.
constraint_set0 flag equal to O indicates that the bitstream may or may not obey all constraints specified in subclause
A2.1.

constraint_setl_flag equal to 1 indicates that the bitstream obeys all constraints specified in subclause A.2.2.
constraint_setl flag equal to O indicates that the bitstream may or may not obey all constraints specified in subclause
A2.2.

constraint_set2_flag equal to 1 indicates that the bitstream obeys all constraints specified in subclause A.2.3.
constraint_set2 flag equal to O indicates that the bitstream may or may not obey all constraints specified in subclause
A2.3.
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NOTE — When more than one of constraint_set0 flag, constraint_setl flag, or constraint _set2 flag are equal to 1, the bitstream
obeys the constraints of all of the indicated subclauses of subclause A.2.

reserved_zero_Sbits shall be equal to 0 in bitstreams conforming to this Recommendation | International Standard.
Other values of reserved zero Sbits may be specified in the future by ITU-T | ISO/IEC. Decoders shall ignore the value
of reserved zero 5bits.

seq_parameter_set_id identifies the sequence parameter set that is referred to by the picture parameter set. The value of
seq_parameter set_id shall be in the range of 0 to 31, inclusive.
NOTE — When feasible, encoders should use distinct values of seq_parameter_set_id when the values of other sequence parameter
set syntax elements differ rather than changing the values of the syntax elements associated with a specific value of
seq_parameter_set_id.

log2 |max_frame num_minus4 specifies the value of the variable MaxFrameNum that is used in fram¢ num related
derivptions as follows:

MaxFrameNum = 2( log2 _max_frame_num_minus4 + 4 ) (7_ 1 )

The Yalue of log2 max_frame num_minus4 shall be in the range of 0 to 12, inclusive.

pic_drder_cnt_type specifies the method to decode picture order count (as specified lin“subclause 8.2.1).| The value of
pic_drder cnt_type shall be in the range of 0 to 2, inclusive.

pic_drder_cnt_type shall not be equal to 2 in a coded video sequence that contains,any of the following

4 an access unit containing a non-reference frame followed immediately by an access unit contpining a non-
reference picture

4 two access units each containing a field with the two fields-together forming a complementary |non-reference
field pair followed immediately by an access unit containing a non-reference picture

4 an access unit containing a non-reference field followed immediately by an access unit containing another non-
reference picture that does not form a complementary non-reference field pair with the first of the two access
units

log2 |max_pic_order_cnt_Isb_minus4 specifies,the value of the variable MaxPicOrderCntLsb that i$ used in the
decodling process for picture order count as spegified in subclause 8.2.1 as follows:

MaxPicOrderCntLsb = 2( log2_max_pic_order cnt_Isb_minus4 + 4 ) (7_2)

The Yalue of log2 max_pic_order .ciit)1sb_minus4 shall be in the range of 0 to 12, inclusive.

delta| pic_order_always_zero. flag equal to 1 specifies that delta pic order cnt[ 0] and delta pic ord¢r cnt[ 1] are
not pfesent in the slice headets of the sequence and shall be inferred to be equal to 0. delta_pic_order always zero flag
equall to O specifies that® delta pic_order cnt[ 0] is present in the slice headers of the sequence and
delta]| pic_order_cnt[ 1{] may be present in the slice headers of the sequence.

offsef_for_non_ref\pic is used to calculate the picture order count of a non-reference picture as specified|in 8.2.1. The
valud of offset/Tor non_ref pic shall be in the range of -2*' to 2*' - 1, inclusive.

offsef_for top_to bottom_field is used to calculate the picture order count of the bottom field in a frame s specified in
8.2.1| Thevalue of offset_for top to_bottom_field shall be in the range of -2*' to 2*' - 1, inclusive.

num_ref frames in_pic_order_cnt_cycle is used in the decoding process for picture order count as specified in
subclause 8.2.1. The value of num_ref frames in pic_order cnt cycle shall be in the range of 0 to 255, inclusive.

offset_for_ref frame|[i] is an element of a list of num_ref frames in pic order cnt cycle values used in the decoding
process for picture order count as specified in subclause 8.2.1. The value of offset for ref frame[ i] shall be in the
range of -2°' to 2°' - 1, inclusive.

num_ref frames specifies the maximum number of short-term and long-term reference frames, complementary
reference field pairs, and non-paired reference fields that may be used by the decoding process for inter prediction of any
picture in the sequence. num_ref frames also determines the size of the sliding window operation as specified in
subclause 8.2.5.3. The value of num_ref frames shall be in the range of 0 to MaxDpbSize (as specified in subclause
A.3.1), inclusive.
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gaps_in_frame_num_value_allowed_flag specifies the allowed values of frame num as specified in subclause 7.4.3
and the decoding process in case of an inferred gap between values of frame num as specified in subclause 8.2.5.2.

pic_width_in_mbs_minusl plus 1 specifies the width of each decoded picture in units of macroblocks.

The variable for the picture width in units of macroblocks is derived as follows

PicWidthInMbs = pic_width_in_mbs_minusl + 1 (7-3)
The variable for picture width for the luma component is derived as follows

PicWidthInSamples, = PicWidthInMbs * 16 (7-4)
The variable for picture width for the chroma components is derived as follows

PicWidlthInSamplesc = PicWidthInMbs * 8 7-5)
pic_height_in_map_units_minusl1 plus 1 specifies the height in slice group map units of a decoded frame or field.
The variables|PicHeightInMapUnits and PicSizeInMapUnits are derived as follows

PicHeightInMapUnits = pic_height in map_units_minus] + 1 7-6)

PicSiz¢InMapUnits = PicWidthInMbs * PicHeightinMapUnits 7-7)
frame_mbs_¢nly_flag equal to 0 specifies that coded pictures of the coded videossequence may either be coded fields or
coded frames| frame mbs_only flag equal to 1 specifies that every coded picfure of the coded video sequence is a ¢oded
frame containfing only frame macroblocks.
The allowgd range of values for pic_width in mbs mihusl, pic_height in map units minusl, | and
frame mbs ohly flag is specified by constraints in Annex A.
Depending or] frame_mbs_only_flag, semantics are assigned toipic_height in_map_units minusl as follows.
- If frame |mbs_only flag is equal to 0, pic_height indmap_ units minusl plus 1 is the height of a field in units of

macroblocks.
- Otherwisp (frame_mbs_only flag is equal to 1), pic_height in _map units minusl plus 1 is the height of a frame in
units of macroblocks.

The variable frameHeightInMbs is derived as follows

FrameHeightInMbs = ( 2 — fraine ‘mbs_only flag ) * PicHeightInMapUnits 7-8)
mb_adaptivel frame_field_flag equal to 0 specifies no switching between frame and field macroblocks within a pifcture.
mb_adaptive [frame field flag.equal to 1 specifies the possible use of switching between frame and field macrofjlocks
within frames} When mb<adaptive frame field flag is not present, it shall be inferred to be equal to 0.
direct_8x8 imference flag specifies the method used in the derivation process for luma motion vectors for B |Skip,
B _Direct 16416, and B Direct 8x8 as specified in subclause 8.4.1.2. When frame mbs only flag is equal| to 0,
direct_8x8_in|ference_ﬂag shall be equal to 1.

frame_cropping_flag equal to 1 specifies that the frame cropping offset parameters follow next in the sequence
parameter set. frame cropping_flag equal to 0 specifies that the frame cropping offset parameters are not present.

frame_crop_left_offset, frame_crop_right_offset, frame_crop_top_offset, frame_crop_bottom_offset specify the
samples of a frame within a rectangle as follows.

If frame mbs_only flag is equal to 1, the cropping rectangle contains luma samples with horizontal coordinates
from 2 * frame crop left offset to PicWidthInSamples; - (2 * frame crop right offset+1) and vertical
coordinates from 2 * frame crop_top_offset to ( FrameHeightInMbs * 16 ) - (2 * frame crop_bottom_offset + 1),
inclusive. In this case, the value of frame crop left offset shall be in the range of 0 to 8 * PicWidthInMbs -
( frame crop_right offset+ 1), inclusive; and the value of frame crop top offset shall be in the range of 0
to 8 * FrameHeightInMbs - ( frame crop_bottom_offset + 1), inclusive.

Otherwise (frame mbs_only flag is equal to 0), the cropping rectangle contains luma samples with horizontal
coordinates from 2 * frame crop left offset to PicWidthInSamples; - (2 * frame crop right offset+ 1) and
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vertical coordinates from 4 * frame crop top_offset to

(4 * frame crop_bottom_offset + 1), inclusive.

range of 0 to8 * PicWidthInMbs - ( frame crop right offset+ 1), inclusive; and the

( FrameHeightInMbs * 16 ) -
In this case the value of frame crop left offset shall be in the

value of

frame crop top offset shall be in the range of 0 to 4 * FrameHeightInMbs - ( frame crop bottom offset + 1),

inclusive.

When frame cropping_flag is equal to 0, the following values shall be inferred: frame crop left offset =0,
frame crop right offset =0, frame crop top offset =0, and frame crop bottom_offset = 0.

The specified samples of the two chroma arrays are the samples having frame coordinates (x /2,y /2 ), where ( x, y ) are
the frame coordinates of the specified luma samples.

For decoded-fields—the-specifiedsamples-of-the-decoded-field-are-the-samples-thatfalwithintherectanale
ded-fields—the-specified-samples-of-the-decodedfield-are-the-samples-thatfallwithin-therectans

framg coordinates.

vui_|
prese
speci
7.4.2
pic_parameter_set id identifies the picture parameter set that is referred to in.the slice header.
pic_g
seq_parameter_set_id refers to the active sequence parameter set. The value' of seq parameter set id

range

entr
descrjiptors appear in the syntax tables as follows.

pic_
headg
syntaik elements are not present in the sliceheaders.

num|
equal
speci

slice |
slice |

slice |
slice |
slice |

slice

gpecified in

arameters_present_flag equal to 1 specifies that the vui_parameters( ) syntax structure specified
nt next in the bitstream. vui_parameters_present_flag equal to 0 specifies that the vui_parametetrs( ) sy
fied in Annex E is not present next in the bitstream.

2 Picture parameter set RBSP semantics

arameter set id shall be in the range of 0 to 255, inclusive.

of 0 to 31, inclusive.

py_coding_mode_flag selects the entropy decoding method to-be applied for the syntax elements

Iff entropy _coding mode flag is equal to 0, the method specified by the left descriptor in the syntax tg
Exp-Golomb coded, see subclause 9.1 or CAVLC, seesubclause 9.2).

therwise (entropy coding mode_flag is equal to-]), the method specified by the right descriptor in th
ip applied (CABAC, see subclause 9.3).

qrder_present_flag equal to 1 specifies thatithe picture order count related syntax elements are presd

rs as specified in subclause 7.3.3. pic \order present flag equal to 0 specifies that the picture ordet

| slice_groups_minusl plus 1 spegifies the number of slice groups for a picture. When num_slice gro

fied in Annex A.

group_map_type specifies how the mapping of slice group map units to slice groups is coded.
group map_typeshaH be in the range of 0 to 6, inclusive.

group_map _type equal to 0 specifies interleaved slice groups.
group_miap) type equal to 1 specifies a dispersed slice group mapping.

group jmap_type equal to 2 specifies one or more “foreground” slice groups and a “leftover” slice gro

n Annex E is
mtax structure

The value of

hall be in the

or which two

ble is applied

e syntax table

nt in the slice
count related

ips minus] is

to 0, all slices of the picture belong to the same slice group. The allowed range of num_slice groyips minusl is

The value of

Lp.

erolip_map type values equal to 3, 4, _and S specify changing slice groups. When num slice groups

Iminusl is not

equafto 1, slice_group _map_type shall not be equal to 3, 4, or 5.

slice_group_map_type equal to 6 specifies an explicit assignment of a slice group to each slice group map unit.

Slice group map units are specified as follows.

If frame mbs_only flag is equal to 0 and mb_adaptive frame field flag is equal to 1 and the coded picture is a

frame, the slice group map units are macroblock pair units.

Otherwise, if frame mbs only flag is equal to 1 or a coded picture is a field, the slice group map units are units of

macroblocks.

Otherwise (frame mbs only flag is equal to 0 and mb adaptive frame field flag is equal to 0 and the coded
picture is a frame), the slice group map units are units of two macroblocks that are vertically contiguous as in a

frame macroblock pair of an MBAFF frame.

© ISO/IEC 2004 — All rights reserved

57


https://iecnorm.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

run_length_minus1] i] is used to specify the number of consecutive slice group map units to be assigned to the i-th slice
group in raster scan order of slice group map units. The value of run_length minusl1[ i ] shall be in the range of 0 to
PicSizeInMapUnits - 1, inclusive.

top_left[ i | and bottom_right[ i | specify the top-left and bottom-right corners of a rectangle, respectively. top left[ i ]
and bottom_right[ i ] are slice group map unit positions in a raster scan of the picture for the slice group map units. For
each rectangle i, all of the following constraints shall be obeyed by the values of the syntax elements top left[ i ] and

bottom_right[

top_left[ 1]

i]

shall be less than or equal to bottom right{i] and bottom right[i] shall be less

PicSizeInMapUnits.

(top_left;

- 5e-PicWidthlaMbs)-shall-be-lessthan-orequal-to-the-value-of (bottom—right

1% PicWidihlaMb

than

S ).

slice_group_
slice_group 1

slice_group _

specifies the fultiple in number of slice group map units by which the size of a slice group can chafigé from one p

to the next. T
The SliceGroy

SliceGroupChangeRate = slice_group change rate minusl + 1

pic_size_in_1
pic_size in n

slice_group _
slice_group i
shall be in thg

num_ref idx
decode each S
When Mbaff
frame macroh
macroblocks.

num_ref_idx
by 11 and list

weighted_pr:
weighted pre

weighted_bif
weighted bip
weighted bip
weighted bip

pic_init_qp_minus26.specifies the initial value minus 26 of SliceQPy for each slice. The initial value is modified

slice layer w
mb_qp_delta

TH—HrE—

thange direction_flag is used with slice group map type to specify the refined map type
hap_type is 3, 4, or 5.

hange rate minusl is used to specify the variable SliceGroupChangeRate. SliceGroupChang

he value of slice_group change rate minusl shall be in the range of 0 to PicSizeInMapUnits — 1, incl
ipChangeRate variable is specified as follows:

nap_units_minusl is used to specify the number of slice group map units in the pi
nap_units_minus] shall be equal to PicSizeInMapUnits - 1.

d[ i] identifies a slice group of the i-th slice group map unit in raster scan order. The size ¢
[ i ] syntax element is Ceil( Log2( num_slice groups minusl + 1)) bits. The value of slice _group |
range of 0 to num_slice groups minusl, inclusive.

| 10_active_minus1 specifies the maximum referencenindex for reference picture list O that shall be u
lice of the picture in which list O is used when num ref idx_active override flag is equal to O for the
rameFlag is equal to 1, num_ref idx 10 actiy¢ minus] is the maximum index value for the decodi
locks and 2 * num_ref idx 10 active minusl + 1 is the maximum index value for the decoding of]
The value of num_ref idx 10 active minus? shall be in the range of 0 to 31, inclusive.

| 11_active_minus] has the same semantics as num_ref idx 10 active_minusl with 10 and list 0 req]
|, respectively.

bd_flag equal to 0 specifiessthat weighted prediction shall not be applied to P and SP 3§
1 flag equal to 1 specifies.that weighted prediction shall be applied to P and SP slices.

red_idc equal to O-§pecifies that the default weighted prediction shall be applied to B s
red idc equal to-1/specifies that explicit weighted prediction shall be applied to B
red_idc equal te 2 Specifies that implicit weighted prediction shall be applied to B slices. The val
red_idc shallbein the range of O to 2, inclusive.

q

hen a gon-zero value of slice qp delta is decoded, and is modified further when a non-zero val
s decoded at the macroblock layer. The value of pic_init qp_minus26 shall be in the range of -26 tq

inclusive.

when

cRate
cture
Isive.

7-9)

cture.

f the
id[ 1]

ed to
slice.
ng of
field

laced

lices.

lices.

glices.

ue of

at the
ue of
+25,

pic_init_qs_minus26 specifies the initial value minus 26 of SliceQSy for all macroblocks in SP or SI slices. The initial
value is modified at the slice layer when a non-zero value of slice gs_delta is decoded. The value of pic_init qs minus26
shall be in the range of -26 to +25, inclusive.

chroma_qp_index_offset specifies the offset that shall be added to QPy and QSy for addressing the table of QP values.
The value of chroma_qp_index _offset shall be in the range of -12 to +12, inclusive.

deblocking_filter_control_present_flag equal to 1 specifies that a set of syntax elements controlling the characteristics
of the deblocking filter is present in the slice header. deblocking_filter control present flag equal to 0 specifies that the
set of syntax elements controlling the characteristics of the deblocking filter is not present in the slice headers and their
inferred values are in effect.

constrained_intra_pred_flag equal to 0 specifies that intra prediction allows usage of residual data and decoded
samples of neighbouring macroblocks coded using Inter macroblock prediction modes for the prediction of macroblocks
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coded using Intra macroblock prediction modes. constrained intra pred flag equal to 1 specifies constrained intra
prediction, in which case prediction of macroblocks coded using Intra macroblock prediction modes only uses residual
data and decoded samples from I or SI macroblock types.

redundant_pic_cnt_present_flag equal to 0 specifies that the redundant pic_cnt syntax element is not present in slice
headers, data partitions B, and data partitions C that refer (either directly or by association with a corresponding data
partition A) to the picture parameter set. redundant pic cnt present flag equal to 1 specifies that the redundant pic cnt
syntax element is present in all slice headers, data partitions B, and data partitions C that refer (either directly or by
association with a corresponding data partition A) to the picture parameter set.

7.4.2.3 Supplemental enhancement information RBSP semantics

SuppiementatEntrancementtnformmatiom (SEDHcontams mformation that s ot recessary todecode thesamples of coded
pictufes from VCL NAL units.

7.4.2{3.1 Supplemental enhancement information message semantics

An SEI NAL unit contains one or more SEI messages. Each SEI message consists of the variables specifying the type
payldadType and size payloadSize of the SEI payload. SEI payloads are specified in Annex(D. The derivefl SEI payload
size payloadSize is specified in bytes and shall be equal to the number of bytes in the SEI'payload.

ff_byjte is a byte equal to OxFF identifying a need for a longer representation of the syntax structure that it i§ used within.
last_payload_type_byte is the last byte of the payload type of an SEI message.

last_payload_size_byte is the last byte of the size of an SEI message.

7.4.2{4 Access unit delimiter RBSP semantics

The dccess unit delimiter may be used to indicate the type of sliee§\present in a primary coded picture and {o simplify the
detection of the boundary between access units. There is no fgrmative decoding process associated with the access unit
delintiter.

primary_pic_type indicates that the slice type values-for all slices of the primary coded picture are mempers of the set
listed in Table 7-2 for the given value of primary_pic_ type.

Table 742— Meaning of primary_pic_type

primary_pic_type | slice_type values that may be present in the primary coded picture

0 I

I P

LLP,B

SI

SI, SP

I, SI

I, SI, P, SP

I, SL, P, SP, B

N ||| B NS | —

7.4.2.5 End of sequence RBSP semantics

The end of sequence RBSP specifies that the next subsequent access unit in the bitstream in decoding order (if any) shall
be an IDR access unit. The syntax content of the SODB and RBSP for the end of sequence RBSP are empty. No
normative decoding process is specified for an end of sequence RBSP.

7.4.2.6 End of stream RBSP semantics

The end of stream RBSP indicates that no additional NAL units shall be present in the bitstream that are subsequent to
the end of stream RBSP in decoding order. The syntax content of the SODB and RBSP for the end of stream RBSP are
empty. No normative decoding process is specified for an end of stream RBSP.
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7.4.2.77 Filler data RBSP semantics

The filler data RBSP contains bytes whose value shall be equal to 0xFF. No normative decoding process is specified for
a filler data RBSP.

ff_byte is a byte equal to OxFF.

7.4.2.8 Slice layer without partitioning RBSP semantics

The slice layer without partitioning RBSP consists of a slice header and slice data.

7.4.2.9 Slice data partition RBSP semantics

7.4.2.9.1 Slick data partition A RBSP semanfics

When slice dqta partitioning is in use, the coded data for a single slice is divided into three separate partitions¢Rartition A

contains all syntax elements of category 2.

Category 2 s
syntax eleme

slice_id ident
coded picture
coded picture
each subsequg

The range of
If Mbaff]

Otherwi{

7.4.2.9.2 Slic

When slice d
Slice data par

Category 3 sy
within that sy

slice_id has tl

tax elements include all syntax elements in the slice header and slice data syntax structures other th
ts in the residual( ) syntax structure.

fies the slice associated with the data partition. Each slice shall have a unique(slice id value with
that contains the slice. When arbitrary slice order is not allowed as specified in Annex A, the first slic
in decoding order, shall have slice_id equal to 0 and the value of slice_id’shall be incremented by o
nt slice of the coded picture in decoding order.

lice id is specified as follows.
FrameFlag is equal to 0, slice id shall be in the range of 0 to PicSizeInMbs - 1, inclusive.

e (MbaffFrameFlag is equal to 1), slice_id shall be in the range of 0 to PicSizeInMbs /2 - 1, inclusive,

e data partition B RBSP semantics

hita partitioning is in use, the coded data for a single slice is divided into one to three separate parti
ition B contains all syntax elements of category(3.

ntax elements include all syntax elements;in’ the residual( ) syntax structure and in syntax structures
htax structure for collective macroblock types I and SI as specified in Table 7-7.

e same semantics as specified in subelause 7.4.2.9.1.

redundant_p

redundant pi¢

When redund

be in the rangp

The presence

If the sy
the slice
redunda

of catego

Otherwisg

cnt shall be greater than O_for coded slices and coded slice data partitions in redundant coded pig
int pic_cnt is not present, its value shall be inferred to be equal to 0. The value of redundant pic_cnf
of 0 to 127, inclusive:

of a slice data partition B RBSP is specified as follows.

ax elements of a slice data partition A RBSP indicate the presence of any syntax elements of categor
data for @ slice, a slice data partition B RBSP shall be present having the same value of slice i
_picCutas in the slice data partition A RBSP.

ic_cnt shall be equal to 0 for sli¢ces and slice data partitions belonging to the primary coded picturd.

n the

n the
e of a
he for

tions.

used

The

tures.
shall

y 3 in
1 and

ments

(the syntax elements ofa shce data partltlon A RB SP do not indicate the presence of any syntax ele

v

slice_id and redundant pic_ cnt as in the shce data partition A RBSP

7.4.2.9.3 Slice data partition C RBSP semantics

ue of

When slice data partitioning is in use, the coded data for a single slice is divided into three separate partitions. Slice data
partition C contains all syntax elements of category 4.

Category 4 syntax elements include all syntax elements in the residual( ) syntax structure and in syntax structures used
within that syntax structure for collective macroblock types P and B as specified in Table 7-7.

slice_id has the same semantics as specified in subclause 7.4.2.9.1.

redundant_p

The presence

60

ic_cnt has the same semantics as specified in subclause 7.4.2.9.2.

of a slice data partition C RBSP is specified as follows.
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If the syntax elements of a slice data partition A RBSP indicate the presence of any syntax elements of category 4 in
the slice data for a slice, a slice data partition C RBSP shall be present having the same value of slice id and

redundant_pic_cnt as in the slice data partition A RBSP.

Otherwise (the syntax elements of a slice data partition A RBSP do not indicate the presence of any syntax elements

of category 4 in the slice data for a slice), no slice data partition C RBSP shall be present having the
slice_id and redundant_pic_cnt as in the slice data partition A RBSP.

7.4.2.10 RBSP slice trailing bits semantics

cabac_zero_word is a byte-aligned sequence of two bytes equal to 0x0000.

same value of

Let NumBuyvtesInVcINALunits be the sum of the values of NumByvtesInNATunit for all VCI. NAL units of a coded

pictufe.

Let H
9.33
equal

7.4.2
rbsp|stop_one_bit is a single bit equal to 1.

rbsp| alignment_zero_bit is a single bit equal to 0.

7.4.3

When present, the value of the slice header syntax elements pic parameter set id, frame num, {
bottom_field flag, a
delta| pic_order cnt[ 1], sp_for switch flag, and slicey group change cycle shall be the same in all slicq
code

first
specified in Annex A, the value of first mb.\in_slice shall not be less than the value of first mb_in_slice
slice

The flirst macroblock address of the.shice is derived as follows.

slice |

inCountsInNALunits be the number of times that the parsing process function DecodeBin(), specifie
2, is invoked to decode the contents of all VCL NAL units of a coded picture. When entropy . coding]
to 1, BinCountsInNALunits shall not exceed ( 32 + 3 ) * NumBytesInVcINALunits + 96 *PicSizelnN

NPTE — The constraint on the maximum number of bins resulting from decoding the contents of the slice layer N
mpt by inserting a number of cabac zero word syntax elements to increase the value of\NumBytesInVcIN/
cgbac_zero_word is represented in a NAL unit by the three-byte sequence 0x000003 (as,a tesult of the constrain|
cqntents that result in requiring inclusion of an emulation_prevention_three byte for each cabac zero word).

11 RBSP trailing bits semantics

Slice header semantics

idr_pic_id, pic_order cnt_lIsb; delta pic_order cnt bottom, delta_pic |

| picture.

mb_in_slice specifies the address of the first macroblock in the slice. When arbitrary slice order is

bf the current picture that precedes th€)current slice in decoding order.

f MbaffFrameFlag is equalste 0, first mb _in_slice is the macroblock address of the first macrobloc
ind first mb_in_slice shall be in the range of 0 to PicSizeInMbs - 1, inclusive.

Dtherwise (MbaffErameFlag is equal to 1), first mb_in_slice * 2 is the macroblock address of the fir
n the slice, whichuis the top macroblock of the first macroblock pair in the slice, and first mb_in_sl
the range of 0.to PicSizeInMbs / 2 - 1, inclusive.

type specifies the coding type of the slice according to Table 7-3.

[ in subclause
| mode_flag is
Mbs.

AL units can be

NLunits. Each
ts on NAL unit

ield pic flag,
brder_cnt[ 0 ],
headers of a

ot allowed as

for any other

k in the slice,

5t macroblock
ce shall be in
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Table 7-3 — Name association to slice_type

slice_type val
current coded|
of slice_type -

When nal_un
When num_rg

pic_paramet
of 0 to 255, in

frame_num i
bitstream. fra

The variable |
- Ifthe cur

- Otherwis

slice_type Name of slice_type
0 P (P slice)
1 B (B slice)
2 I (I slice)
3 SP (SP slice)
4 SI (ST slice)
5 P (P slice)
6 B-(B-skee)
7 I (Islice)
8 SP (SP slice)
9 SI (ST slice)

ues in the range 5..9 specify, in addition to the coding type of the current slice, that all other slices
picture shall have a value of slice type equal to the current value of slice_type or-equal to the current

- 5.

t type is equal to 5 (IDR picture), slice_type shall be equal to 2, 4, 7, or9,

f frames is equal to 0, slice_type shall be equal to 2, 4, 7, or 9.

r_set_id specifies the picture parameter set in use. The value of-pic_parameter set id shall be in the

clusive.

5 used as an identifier for pictures and shall be represented by log2 max frame num minus4 + 4 bits

me num is constrained as follows:

revRefFrameNum is derived as follows.

Fent picture is an IDR picture, PrevRefFrameNum is set equal to 0.

e (the current picture is not an IDR picture), PrevRefFrameNum is set as follows.

- If
pr

Sp

- Otherwise, PrevRefHrameNum is set equal to the value of frame num for the previous access unit in dec

or

e decoding process for gaps in frame num specified in subclause 8.2.5.2 was invoked by the dec
ess for an access unit that eontained a non-reference picture that followed the previous access ul
dedoding order that contained @ geference picture, PrevRefFrameNum is set equal to the value of frame| |
for|the last of the "non-existing" reference frames inferred by the decoding process for gaps in frame|

ified in subclause 8.2:5\2.

r that containeda reference picture.

The value of frame nuntis constrained as follows.

- If'the curfent picture is an IDR picture, frame num shall be equal to 0.

- Otherwisp (th€ current picture is not an IDR picture), referring to the primary coded picture in the previous 4

bf the
value

range

in the

pding
nit in
num
num

pding

CCESS

unit in decoding order that contains a reference picture as the preceding reference picture, the value of frame num
for the current picture shall not be equal to PrevRefFrameNum unless all of the following three conditions are true.

- the current picture and the preceding reference picture belong to consecutive access units in decoding order

- the current picture and the preceding reference picture are reference fields having opposite parity

- one or more of the following conditions is true

62

the preceding reference picture is an IDR picture

the preceding reference picture includes a memory management control operation syntax element equal

to 5

NOTE — When the preceding reference picture includes a memory management control operation syntax
element equal to 5, PrevRefFrameNum is equal to 0.
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picture that precedes
PrevRefFrameNum

picture that precedes the preceding reference picture is not a reference picture

When the value of frame num is not equal to PrevRefFrameNum, the following applies.

A pig

abov
the p
speci

N|

SY

fr

m|

field |

isas

The ¥

There shall not be any previous field or frame in decoding order that is currently marked as "used
reference" that has a value of frame num equal to any value taken on by the variable UnusedShortTe
in the following:

10:2004(E)

there is a primary coded picture that precedes the preceding reference picture and the primary coded
the preceding reference picture does not have frame num equal

to

there is a primary coded picture that precedes the preceding reference picture and the primary coded

for short-term
rmFrameNum

Unuseddhortl ermkrameNum = ( PrevRetFrameNum + 1) Y% MaxkFrameNum
while( UnusedShortTermFrameNum != frame num )
UnusedShortTermFrameNum = ( UnusedShortTermFrameNum + 1) % MaxFrameNum

[he value of frame num is constrained as follows.

If gaps _in frame num value allowed flag is equal to 0, the value of frame numi-for the curren
be equal to ( PrevRefFrameNum + 1 ) % MaxFrameNum.

Otherwise (gaps_in_frame num_value allowed flag is equal to 1), the following applies.

If frame num is greater than PrevRefFrameNum, there shall fiet"be any non-reference
bitstream that follow the previous reference picture and preeede the current picture in dec
which either of the following conditions is true.

The value of frame num for the non-reference picture'is less than PrevRefFrameNum.

The value of frame num for the non-reference picture is greater than the value of fram
current picture.

Otherwise (frame num is less than PrevRefFrameNum), there shall not be any non-referen
the bitstream that follow the previous reference picture and precede the current picture in d
in which both of the following conditions;are true.

The value of frame num for the non-reference picture is less than PrevRefFrameNum.

The value of frame num fdr the non-reference picture is greater than the value of fram
current picture.

ture including a memory _management_control operation equal to 5 shall have frame num constraint
b and, after the decoding of tlie'current picture and the processing of the memory management conty
cture shall be inferred to haveé had frame num equal to O for all subsequent use in the decoding prog
fied in subclause 7.4.1.2.4.

DTE — When the primaty. coded picture is not an IDR picture and does not contain memory management cd
ntax element equal to-5, the value of frame num of a corresponding redundant coded picture is the same

me num in qthe” primary coded picture.  Alternatively, the redundant coded picture
emory _management control operation syntax element equal to 5 and the corresponding primary coded picture is

|pic_flaglequal to 1 specifies that the slice is a slice of a coded field. field pic flag equal to 0 specifie
ice ofaccoded frame. When field pic_flag is not present it shall be inferred to be equal to 0.

(7-10)

t picture shall

ictures in the
ding order in

b
~

_num for the

ce pictures in
lecoding order

b
>

_num for the

s as described
ol operations,
ess, except as

ntrol operation
s the value of
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atiable MbaffFrameFlag is derived as follows.

MbaffFrameFlag = ( mb_adaptive frame field flag && !field pic flag)

The variable for the picture height in units of macroblocks is derived as follows

PicHeightInMbs = FrameHeightInMbs / ( 1 + field pic flag)

The variable for picture height for the luma component is derived as follows

PicHeightInSamples; = PicHeightInMbs * 16
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The variable for picture height for the chroma component is derived as follows

PicHeightInSamplesc = PicHeightInMbs * 8 (7-14)
The variable PicSizeInMbs for the current picture is derived according to:
PicSizeInMbs = PicWidthInMbs * PicHeightInMbs (7-15)

The variable MaxPicNum is derived as follows.

- Iffield pic flag is equal to 0, MaxPicNum is set equal to MaxFrameNum.

- Otherwisptfretd—prc—flag sequattoH); MeaxPreiNumm s setequatto-2*Meaxt rammeiNur:

The variable CurrPicNum is derived as follows.

- Iffield pjic flag is equal to 0, CurrPicNum is set equal to frame num.

- Otherwisp (field pic_flag is equal to 1), CurrPicNum is set equal to 2 * frame num + 1.

bottom_field| flag equal to 1 specifies that the slice is part of a coded bottom field. bottom. field flag equal to O

specifies that|the picture is a coded top field. When this syntax element is not present for the’current slice, it shall be

inferred to belequal to 0.

idr_pic_id idgntifies an IDR picture. The values of idr_pic_id in all the slices of an IDR picture shall remain unchanged.

When two cofisecutive access units in decoding order are both IDR access units, the value of idr_pic id in the sliges of

the first such [DR access unit shall differ from the idr_pic_id in the second such IDR access unit. The value of idr_pic_id

shall be in thefrange of 0 to 65535, inclusive.

pic_order_cnt_lIsb specifies the picture order count modulo MaxPicOrderCntLsb for the top field of a coded frame pr for

a coded field| The size of the pic_order cnt Isb syntax element is 10g2”max pic_order cnt lsb minus4 + 4 bit. The

value of the pjc_order cnt _Isb shall be in the range of 0 to MaxPicOrderCntLsb — 1, inclusive.

delta_pic_ordler_cnt_bottom specifies the picture order count-difference between the bottom field and the top field of a

coded frame gs follows.

- If the [urrent picture includes a memory management control operation equal to 5, the wvalue of
delta_pic| order_cnt_bottom shall be in the range 0f( 1 — MaxPicOrderCntLsb ) to 2°' - 1, inclusive.

- Otherwisp (the current picture does not inclide’'a memory management _control operation equal to 5), the value of
delta_pic| order_cnt_bottom shall be in the'‘range of —2°' to 2°*' - 1, inclusive.

When this syijtax element is not present in.the bitstream for the current slice, it shall be inferred to be equal to 0.

delta_pic_ordler_cnt[ 0 ] specifies the\picture order count difference from the expected picture order count for the top

field of a codgd frame or for a coded field as specified in subclause 8.2.1. The value of delta_pic_order cnt[ 0 ] shall be

in the range df -2°' to 2°' - 1, inclusive. When this syntax element is not present in the bitstream for the current sljce, it

shall be inferred to be equalto,0.

delta_pic_ordler_cnt[ (1 |) Specifies the picture order count difference from the expected picture order count fgr the

bottom field df a coded*frame specified in subclause 8.2.1. The value of delta_pic_order cnt[ 1 ] shall be in the range of -

2% t0 2% - 1, finclusive. When this syntax element is not present in the bitstream for the current slice, it shall be inferred

to be equal to|0:

redundant_pic_cnt shall be equal to 0 for slices and slice data partitions belonging to the primary coded picture. The
value of redundant pic_cnt shall be greater than 0 for coded slices or coded slice data partitions of a redundant coded
picture. When redundant pic_cnt is not present in the bitstream, its value shall be inferred to be equal to 0. The value of
redundant pic_cnt shall be in the range of 0 to 127, inclusive.

NOTE - There should be no noticeable difference between any area of the decoded primary picture and a corresponding area that
would result from application of the decoding process specified in clause 8 for any redundant picture in the same access unit.

The value of pic_parameter set id in a coded slice or coded slice data partition of a redundant coded picture shall be
such that the value of pic_order present flag in the picture parameter set in use in a redundant coded picture is equal to
the value of pic_order present flag in the picture parameter set in use in the corresponding primary coded picture.

When present in the primary coded picture and any redundant coded picture, the following syntax elements shall have the
same value: field pic flag, bottom field flag, and idr_pic_id.
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When the value of nal ref idc in one VCL NAL unit of an access unit is equal to 0, the value of nal ref idc in all other
VCL NAL units of the same access unit shall be equal to 0.
NOTE — The above constraint also has the following implications. If the value of nal ref idc for the VCL NAL units of the
primary coded picture is equal to 0, the value of nal_ref idc for the VCL NAL units of any corresponding redundant coded picture
are equal to 0; otherwise (the value of nal ref idc for the VCL NAL units of the primary coded picture is greater than 0), the value
of nal ref idc for the VCL NAL units of any corresponding redundant coded picture are also greater than 0.

The marking status of reference pictures and the value of frame num after the decoded reference picture marking process
as specified in subclause 8.2.5 is invoked for the primary coded picture or any redundant coded picture of the same
access unit shall be identical regardless whether the primary coded picture or any redundant coded picture (instead of the

primary coded picture) of the access unit would be decoded.

NOTE — The above constraint also has the following implications.
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a primary coded picture is not an IDR picture, the contents of the dec_ref pic_marking( ) syntax structure nus

slice headers of the primary coded picture and all redundant coded pictures corresponding to the primary coded f
herwise (a primary coded picture is an IDR picture), the following applies.

a redundant coded picture corresponding to the primary coded picture is an IDR picture, the c
c_ref pic_marking( ) syntax structure must be identical in all slice headers of the primary coded.pigture and the 1
cture corresponding to the primary coded picture.
herwise (a redundant picture corresponding to the primary coded picture is not an IDR*picture), all slice
dundant picture must contain a dec _ref pic_marking syntax( ) structure including a rhemory management cd
Intax element equal to 5, and the following applies.

the value of long_term reference flag in the primary coded picture is equal toOsthe dec ref pic_marking syn
e redundant coded picture must not include a memory _management_control operation syntax element equal to 6.

herwise (the value of long_term reference flag in the primary coded picture”is equal to 1), the dec ref pic |
ructure of the redundant coded picture must include memory management\control operation syntax elements eg
n decoding order, and the value of max_long_term_frame_idx_plusl nst be equal to 1, and the value of long_|
hist be equal to 0.

alues of TopFieldOrderCnt and BottomFieldOrderCnt<{(if ‘@pplicable) that result after completion of
ss for any redundant coded picture or the primary coded picture of the same access unit shall be ident
her the primary coded picture or any redundant coded picture (instead of the primary coded picture
ould be decoded.

is no required decoding process for a coded\slice or coded slice data partition of a redundant coded {
dundant pic_cnt in the slice header of d&/coded slice is greater than 0, the decoder may discard th
ver, a coded slice or coded slice data partition of any redundant coded picture shall obey the same ¢
| slice or coded slice data partition of\a primary picture.
DTE — When some of the samples;in the decoded primary picture cannot be correctly decoded due to err
insmission of the sequence and-a‘coded redundant slice can be correctly decoded, the decoder should replace thg
coded primary picture with the-Corresponding samples of the decoded redundant slice. When more than one
vers the relevant region ofitheprimary picture, the redundant slice having the lowest value of redundant pic_cnt

be identical in
icture.

ntents of the
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cal regardless
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icture. When
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samples of the
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hould be used.

ndant slices and slice)data partitions having the same value of redundant pic cnt belong to the same redundant

e. Decoded slicesswithin the same redundant picture need not cover the entire picture area and shall n

t_spatial miy_pred_flag specifies the method used in the decoding process to derive motion vectors
s for inter prediction as follows.

difect” spatial mv_pred flag is equal to 1, the derivation process for luma motion vectors

t overlap.

and reference

for B_Skip,

<Direct 16x16, and B Direct 8x8 in subclause 8.4.1.2 shall use spatial direct mode prediction a

s specified in

S

ubctause 841272

Otherwise (direct_spatial mv_pred flag is equal to 0), the derivation process for luma motion vectors for B_Skip,

B Direct _16x16, and B_Direct 8x8 in subclause 8.4.1.2 shall use temporal direct mode prediction as specified in
subclause 8.4.1.2.3.

num_ref idx_active_override flag

equal to0 specifies that the wvalues of the

syntax

elements

num_ref idx 10 active minusl and num_ref idx 11 active _minus] specified in the referred picture parameter set are in

effect.

num_ref idx active override flag equal to1 specifies that the

num_ref idx 10 active minusl

and

num_ref idx 11 active minusl specified in the referred picture parameter set are overridden for the current slice (and
only for the current slice) by the following values in the slice header.
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When the current slice is a P, SP, or B slice and field pic flag is equal to0 and the value of
num_ref idx 10 active minusl in the picture parameter set exceeds 15, num ref idx active override flag shall be
equal to 1.

When the current slice is a B slice and field pic_flag is equal to 0 and the value of num_ref idx 11 active _minus] in the
picture parameter set exceeds 15, num_ref idx_active override flag shall be equal to 1.

num_ref idx 10 _active_minusl1 specifies the maximum reference index for reference picture list O that shall be used to
decode the slice.

The range of num_ref idx 10_active minusl] is specified as follows.

— If field pic flag is equal to 0, num ref idx 10 active minusl shall be in the range of 0 to 15, inclusive. When
MbaftFrameFlag is equal to 1, num_ref idx 10 _active minusl is the maximum index value for the deceding of
frame mpcroblocks and 2 * num ref idx 10 active minusl + 1 is the maximum index value for the déceoding of
field magroblocks.

—  Otherwide (field pic flagis equal to 1), num_ref idx 10 active minus] shall be in the range of 0 te 341, inclusive.

num_ref _idx| 11 _active_minus1 has the same semantics as num_ref idx 10 active_minus] with 10-and list 0 reglaced
by 11 and list [I, respectively.

cabac_init_idc specifies the index for determining the initialisation table used in the initialisation process for cgntext
variables. Thq value of cabac_init idc shall be in the range of 0 to 2, inclusive.

slice_qp_del
value of mb

specifies the initial value of QPy to be used for all the macroblocks)in the slice until modified Qy the
_delta in the macroblock layer. The initial QPy quantisation parameter for the slice is computed as:

SliceQPy = 26 + pic_init_qp_minus26 + slice_qp_delta (1-16)

The value of §lice qp_delta shall be limited such that SliceQPy is in the/range of 0 to 51, inclusive.
sp_for_switch_flag specifies the decoding process to be used to decode P macroblocks in an SP slice as follows.

- Ifsp_for|switch flagis equal to 0, the P macroblocks inthe’SP slice shall be decoded using the SP decoding process
for non-spvitching pictures as specified in subclause 8.6.1-

- Otherwisp (sp_for_switch_flag is equal to 1), the Rdnacroblocks in the SP slice shall be decoded using the SP gnd SI
decoding|process for switching pictures as specified in subclause 8.6.2.

slice_qs_delta specifies the value of QSy for all-the macroblocks in SP and SI slices. The QSy quantisation parameter for
the slice is cofnputed as:

QSy =[26 + pic_init_qs_minus26 + slice_gs_delta (1-17)

The value of glice qs_delta shall be’limited such that QSy is in the range of 0 to 51, inclusive. This value of QSy i used
for the decoding of all macroblocks in SI slices with mb_type equal to SI and all macroblocks in SP slices with predjction
mode equal tq inter.

disable_debl¢cking_filter idc specifies whether the operation of the deblocking filter shall be disabled across |some
block edges off thelice and specifies for which edges the filtering is disabled. When disable deblocking_filter idc fis not
present in the(slicé header, the value of disable _deblocking_filter idc shall be inferred to be equal to 0.

The value of disable_deblocking_filter idc shall be in the range of 0 to 2, inclusive.

slice_alpha_c0_offset_div2 specifies the offset used in accessing the o and tcy deblocking filter tables for filtering
operations controlled by the macroblocks within the slice. From this value, the offset that shall be applied when
addressing these tables shall be computed as:

FilterOffsetA = slice_alpha c0_offset div2 <<'1 (7-18)

The value of slice_alpha cO offset div2 shall be in the range of -6 to +6, inclusive. When slice_alpha c0_offset div2 is
not present in the slice header, the value of slice_alpha c0_offset div2 shall be inferred to be equal to 0.

slice_beta_offset_div2 specifies the offset used in accessing the [ deblocking filter table for filtering operations
controlled by the macroblocks within the slice. From this value, the offset that is applied when addressing the B table of
the deblocking filter shall be computed as:
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(7-19)

The value of slice_beta offset div2 shall be in the range of -6 to +6, inclusive. When slice beta offset div2 is not
present in the slice header the value of slice _beta_offset div2 shall be inferred to be equal to 0.

slice_group_change _cycle is used to derive the number of slice group map units in slice group 0 when
slice_group_map_type is equal to 3, 4, or 5, as specified by

MapUnitsInSliceGroup0 = Min( slice_group change cycle * SliceGroupChangeRate, PicSizeInMapUnits )

The value of slice_group change cycle is represented in the bitstream by the following number of bits

(7-20)
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When ref pic list_reordering_flag 10 is equal to 1, the number of tinies that reordering of pic nums id

to 3 f

Ceil( Log2( PicSizeInMapUnits + SliceGroupChangeRate + 1) )

alue of slice_group change cycle shall be in the range of 0 to Ceil( PicSizeInMapUnits+Sli¢eGroup
ive.

1 Reference picture list reordering semantics

syntax elements reordering of pic nums idc, abs_diff pic num minusl, and\\long term pic_nun
re from the initial reference picture lists to the reference picture lists to be used for decoding the slice.

ic_list reordering flag 10 equal to 1 specifies that the syntax element redrdering of pic nums_idc|
fying reference picture list 0. ref pic_list reordering flag 10 equal t0°0. specifies that this syntax g
nt.

pllowing ref pic_list reordering flag 10 shall not exceed nufw ref idx 10 active minusl + 1.

Whe

subclpuse 8.2.4.2 is equal to "no reference picture",ref pic list reordering flag 10 shall be eq

reor

list pfoduced as specified in subclause 8.2.4.3 is not.equal to "no reference picture".

ref pic_list reordering_flag 11 equal to 1 specifies that the syntax element reordering_of pic_nums_idc
specifying reference picture list 1. ref pic listUreordering flag 11 equal to O specifies that this syntax ¢
presept.

Whe
to 3 f

Wheth decoding a B slice and RefPicList][ num ref idx 11 active minus] ] in the initial reference picturd

as sp
reord
list p

reordering_of pic_nums_idc together with abs diff pic num minusl or long term pic num specifies

referg
first

ref p

RefPicListO] num_ref idx 10 active minusl | in thé/initial reference picture list produced as

ring_of pic nums_idc shall not be equal to 3 untihRefPicListO[ num_ref idx 10 active minusl ] in|

ref pic_list reordering flag 1lis equal to 1, the number of times that reordering of pic nums_id
pllowing ref pic_list reordering-flag 11 shall not exceed num_ref idx 11 active minusl + 1.

pcified in subclause 8.2.422 is equal to "no reference picture”, ref pic list reordering_flag 11 shall be
ering_of pic_nums (idc shall not be equal to 3 until RefPicList][ num ref idx 11 active_minus] ] in|
oduced as specified/in subclause 8.2.4.3 is not equal to "no reference picture".

nce pictures are re-mapped. The values of reordering_of pic_nums_idc are specified in Table 7-4. T}
reordering of pic nums idc  that  follows immediately after ref pic list reordering
ic Aist-treordering_flag 11 shall not be equal to 3.

(7-21)
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Table 7-4 — reordering_of pic_nums_idc operations for reordering of reference picture lists

reordering_of pic_nums_idc Reordering specified

0 abs_diff pic num minusl is present and corresponds to a difference to
subtract from a picture number prediction value

1 abs_diff pic num minusl is present and corresponds to a difference to
add to a picture number prediction value

2 long term pic_num is present and specifies the long-term picture number
for a reference picture

3 End loop for reordering of the initial reference picture list

abs_diff_pic |

moved to the
range of 0 to
subclause 8.2

long_term_p

When decodj
reference frai

coded field, 1

"used for long

7.4.3.2 Pre

luma_log2 w

luma log2 w

chroma_log2
chroma log?2 |

luma_weight
luma_weight |

luma_weight]
RefPicListO]

to 127, inclu
to 2lumailog2iwe

luma_offset_|
The value of |
luma_offset |

chroma_weig
are present. cl

chroma_weig

num_minusl plus 1 specifies the absolute difference between the picture number of 'the picture
current index in the list and the picture number prediction value. abs_diff pic num Aninusl shall be
MaxPicNum — 1. The allowed values of abs_diff pic num minusl are further, restricted as specif]
4.3.1.

¢_num specifies the long-term picture number of the picture being moved,to/the current index in th
ng a coded frame, long term pic_num shall be equal to a LongTerthPiCNum assigned to one d
hes or complementary reference field pairs marked as "used for long-term reference". When decod
ng term_pic_num shall be equal to a LongTermPicNum assigned\to.one of the reference fields mark
-term reference".

iction weight table semantics

bight denom shall be in the range of 0 to 7, inclusive.

| weight_denom is the base 2 logarithm of the.dénominator for all chroma weighting factors. The va
[ weight _denom shall be in the range of 0 to 7, inclusive.

| 10_flag equal to 1 specifies that weighting factors for the luma component of list 0 prediction are prj
10_flag equal to O specifies that these-weighting factors are not present.

[10[ 1] is the weighting factor-applied to the luma prediction value for list 0 prediction

]. When luma_weight 10_flag.is equal to 1, the value of luma_weight 10[ i ] shall be in the range of]
ive. When luma weightJ0 flag is equal to 0, luma weight 10[ 1] shall be inferred to be

ght_denom £ RefPicListOf |:

JO[ i ] is the additive.offset applied to the luma prediction value for list 0 prediction using RefPicList
uma_offset 10[« ]'shall be in the range of —128 to 127, inclusive. When luma_weight 10 flag is equa
O[ i ] shall be,inferred as equal to 0 for RefPicList0[ i ].

iroma- weight 10 flag equal to 0 specifies that these weighting factors are not present.

ht 40 i][j] is the weighting factor applied to the chroma prediction values for list O prediction

being
n the
ed in

e list.
f the
ing a
ed as

eight_denom is the base 2 logarithm of the denominator for all luma weighting factors. The value of

ue of

esent.

using
—-128
equal

ht_10_flag equal to 1 specifies that weighting factors for the chroma prediction values of list 0 predfction

using

RefPicListO[ 1 [ with j equal to 0 for Cb and j equal to T for Cr. When chroma_weight 10 flag is equal to I, the va

ue of

chroma_weight_10[ i ][ j ] shall be in the range of —128 to 127, inclusive. When chroma_weight 10_flag is equal to 0,
chroma_weight 10[ i ][ j ] shall be inferred to be equal to 2°hm-tog2-weight denom g1 R o fPicListO[ i ].

chroma_offset 10[i][j] is the additive offset applied to the chroma prediction values for list 0 prediction using
RefPicListO[ i ] with j equal to 0 for Cb and j equal to 1 for Cr. The value of chroma offset 10[ i ][ j ] shall be in the
range of -128 to 127, inclusive. When chroma weight 10 flag is equal to 0, chroma_ offset 10[ i ][ j ] shall be inferred to
be equal to 0 for RefPicListO[ i ].

luma_weight 11 _flag,
chroma_offset_11

luma_weight 11, luma_offset_lI1, chroma_weight_11_flag,

have the same semantics as luma weight 10 flag, luma weight 10, luma offs

chroma_weight 11,

et 10,

chroma_weight 10 flag, chroma weight 10, chroma offset 10, respectively, with 10, list 0, and List0 replaced by 11,
list 1, and List1, respectively.
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7.4.3.3 Decoded reference picture marking semantics

The syntax elements no output of prior pics flag, long term reference flag, adaptive ref pic marking mode flag,
memory management control operation, difference of pic nums minusl, long term frame idx, long term pic num,
and max_long_term frame idx plusl specify marking of the reference pictures.

The marking of a reference picture can be "unused for reference", "used for short-term reference", or "used for long-term
reference", but only one among these three. When a reference picture is referred to have the marking "used for reference"
this collectively refers to the picture being marked as "used for short-term reference" or "used for long-term reference",
but not both.

S

no_o
after
of no

f the decoded reference picture marking syntax structure is in a slice header, the syntax category o
cference picture marking syntax structure shall be inferred to be equal to 2.

therwise (the decoded reference picture marking syntax structure is in a decoded-reference pi
epetition SEI message as specified in Annex D), the syntax category of the decoded reference pi
yntax structure shall be inferred to be equal to 5.

ptput_of prior_pics_flag specifies how the previously-decoded pictures/inthe decoded picture buf]
decoding of an IDR picture. See Annex C. When the IDR picture is the {irst IDR picture in the bitstrg
| output_of prior_pics_flag has no effect on the decoding process. When the IDR picture is not the fir

f the decoded

ture marking
cture marking

fer are treated
tam, the value
st IDR picture

in th¢ bitstream and the value of PicWidthInMbs, FrameHeightInMbsor max_dec frame buffering derived from the
activ¢ sequence parameter set is different from the valuey> of PicWidthInMbs, FrameHeightinMbs, or
max |dec_frame buffering derived from the sequence parfameter set active for the precedifpg sequence,

no o
no o

long |
framg
to 15
for 1
long |

adap
speci
comp
Max

htput_of prior pics_flag.

term_reference_flag equal to 0 specifies that the'MaxLongTermFrameldx variable is set equal to

indices” and that the IDR picture is marked as®used for short-term reference”. long term referer
pecifies that the MaxLongTermFrameldx variable is set equal to 0 and that the current IDR picture is
bng-term reference” and is assigned LongTermFrameldx equal to 0. When num ref frames i
term_reference flag shall be equal to 0.

kive_ref pic_marking mode_flag selects the reference picture marking mode of the currently decol
fied in Table 7-5. adaptive ref\pic_marking mode flag shall be equal to 1 when the numbq
lementary field pairs, and non-paired fields that are currently marked as "used for long-term referen
num_ref frames, 1).

Table 7-5 — Interpretation of adaptive_ref pic_marking mode_flag

htput of prior pics flag equal to 1 may be inferred\by the decoder, regardless of the acfual value of

‘no long-term
ce_flag equal
marked “used
5 equal to 0,

Hed picture as
r of frames,
e" is equal to

adaptive ‘ref _pic_marking_mode_flag | Reference picture marking mode specified

0 Sliding window reference picture marking mode: A marl
providing a first-in first-out mechanism for short-term

pictures.

(ing mode
reference

Arhpﬁ‘p reference. pir\hn‘p marlang mode:—A_referend

reference pictures as “unused for reference” and to assign
frame indices.

marking mode providing syntax elements to specify marking of

e picture

long-term

memory_management_control_operation specifies a control operation to be applied to manage the reference picture
marking. The memory management control operation syntax element is followed by data necessary for the operation
specified by the value of memory management control operation. The values and control operations associated with
memory management control operation are specified in Table 7-6. The memory management control operation
syntax elements are processed by the decoding process in the order in which they appear in the slice header, and the
semantics constraints expressed for each memory management control operation apply at the specific position in that
order at which that individual memory _management_control operation is processed.
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memory management control operation shall not be equal to 1 in a slice header unless the specified short-term picture
is currently marked as "used for reference" when the memory management control operation is processed by the
decoding process, and the specified short-term picture has not been assigned to a long-term frame index and is not
assigned to a long-term frame index in the same decoded reference picture marking syntax structure.

memory management control operation shall not be equal to 2 in a slice header unless the specified long-term picture
number refers to a frame or field that is currently marked as '"used for reference” when the
memory management control operation is processed by the decoding process.

memory management _control operation shall not be equal to3 in a slice header unless the specified short-term
reference picture is currently marked as "used for reference" when the memory management control operation is
processed by the decoding process and the specified short-term reference picture has not previously been assigned a long-
term frame iffdex and is not assigned to any other long-ferm frame index within the same decoded reference_pjcture
marking syntdx structure.

memory manpgement control operation shall not be equal to 3 or 6 when the value of .'the vafiable
MaxLongTermFrameldx is equal to "no long-term frame indices" when the memory management control operatjon is
processed by the decoding process.

Not more thai} one memory management control_operation equal to 4 shall be present in a slice header.

memory manpgement control operation shall not be equal to 5 in a _slice header unless| no
memory manpgement _control operation in the range of 1 to 3 is present in the same decoded reference picture mdrking
syntax structure.

Not more thai} one memory management control operation equal to 6 shall be present in a slice header.

When a menjory management control operation equal to 6 is present, anyymemory management control opefation
equal to 2, 3, jor 4 that follows the memory management control operatidn equal to 6 within the same slice header] shall
not specify thg current picture to be marked as "unused for reference".

A memory mlanagement_control_operation equal to 6 shall not precéde a memory management_control_operation [equal
to 5 in the same slice header.

NOTE — These constraints prohibit any combination of multiplé-memory management control operation syntax elements that
would spefify the current picture to be marked as "unused for reference". However, some other combinatigns of
memory mpanagement control operation syntax elements;are permitted that may affect the marking status of other refgrence
pictures mdre than once in the same slice header. In particular, it is permitted for a memory _management control operatior| equal
to 3 that splecifies a long-term frame index to be assigned to a particular short-term reference picture to be followed in thd same
slice headqr by a memory management control“gperation equal to 2, 3, or 4 that specifies the same reference pictpre to
subsequent|y be marked as "unused for reference!:

No more tha one memory management control operation shall be present in a slice header that specifies the [same
action to be tgken.

Table 7-6 — Memory management control operation (memory_management_control_operation) values

njemory_management_control_operation | Memory Management Control Operation

0 End memory management control operation loop
1 Mark a short-term picture as
“unused for reference”
2 Mark a frame or field having a long-term picture
number as

“unused for reference”

3 Assign a long-term frame index to a short-term
picture
4 Specify the maximum long-term frame index

Mark all reference pictures as "unused for
reference" and set the MaxLongTermFrameldx
variable to "no long-term frame indices"

6 Assign a long-term frame index to the current
decoded picture
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When decoding a field and a memory management_control_operation command equal to 3 assigns a long-term frame
index to a field that is part of a short-term reference frame or a short-term complementary reference field pair, another
memory_management_control operation command to assign the same long-term frame index to the other field of the
same frame or complementary reference field pair shall be present in the same decoded reference picture marking syntax
structure.

When the first field (in decoding order) of a complementary reference field pair includes a long_term reference flag
equal to 1 or a memory management _control_operation command equal to 6, the decoded reference picture marking
syntax structure for the other field of the complementary reference field pair shall contain a
memory management _control operation command equal to 6 that assigns the same long-term frame index to the other
field.

diffefence_of pic nums_minusI 1s used (with memory management_control_operafion equal to 3 or ]) to assign a
long-ferm frame index to a short-term reference picture or to mark a short-term reference picture‘as “unused for
refer¢gnce”. When the associated memory management control operation is processed by the decoding process, the
resulfing picture number derived from difference of pic nums minusl shall be a picture number assigned to one of the
refergnce pictures marked as "used for reference" and not previously assigned to a long-term framie index.

The resulting picture number is constrained as follows.

- Iff field pic flag is equal to 0, the resulting picture number shall be one of thenset of picture numbeys assigned to
reference frames or complementary reference field pairs.
NOTE — When field pic flag is equal to 0, the resulting picture number must be a picture numbef assigned to a
complementary reference field pair in which both fields are marked-as\"used for reference" or a fram¢ in which both
fields are marked as "used for reference". In particular, when field_pic flag is equal to 0, the marking|of a non-paired
field or a frame in which a single field is marked as\'"used for reference" cannot be [affected by a
memory management control operation equal to 1.

- therwise (field pic flag is equal to 1), the resulting pictuté. number shall be one of the set of pi¢ture numbers
gssigned to reference fields.

long [term_pic_num is used (with memory management\control operation equal to 2) to mark a long-term reference
pictufe as "unused for reference". When the associated*memory management control operation is progessed by the
decodling process, long_term_pic_num shall be equal to a long-term picture number assigned to one of]|the reference
pictufes that is currently marked as "used for longsterm reference".

The resulting long-term picture number is constrained as follows.

- Iff field pic flag is equal to 0, the resulting long-term picture number shall be one of the set of long-term picture
fumbers assigned to reference frames or complementary reference field pairs.
NOTE — When field pic™flag is equal to 0, the resulting long-term picture number must be a long-term|picture number
assigned to a complemeéntary reference field pair in which both fields are marked as "used for referenc¢" or a frame in
which both fields\are marked as "used for reference". In particular, when field pic flag is equal to 0, the marking of a
non-paired fi€ldvor a frame in which a single field is marked as "used for reference" cannot bq affected by a
memory management control operation equal to 2.

- therwise (fieldipic flag is equal to 1), the resulting long-term picture number shall be one of the set of long-term
Ricture numbéers assigned to reference fields.

long |term-Trame_idx is used (with memory management control operation equal to 3 or 6) to assigh a long-term
fram¢ index/to a picture. When the associated memory management control operation is processed by| the decoding
procdssythe value of long term frame idx shall be in the range of 0 to MaxLongTermFrameldx, inclusive.

max_long_term_frame_idx_plusl minus 1 specifies the maximum value of long-term frame index allowed for long-
term reference pictures (until receipt of another value of max long term frame idx plusl). The wvalue of
max_long_term frame idx plusl shall be in the range of 0 to num_ref frames, inclusive.

7.4.4  Slice data semantics
cabac_alignment_one_bit is a bit equal to 1.

mb_skip_run specifies the number of consecutive skipped macroblocks for which, when decoding a P or SP slice,
mb_type shall be inferred to be P_Skip and the macroblock type is collectively referred to as a P macroblock type, or for
which, when decoding a B slice, mb_type shall be inferred to be B_Skip and the macroblock type is collectively referred
to as a B macroblock type. The value of mb_skip run shall be in the range of 0 to PicSizeInMbs — CurrMbAddr,
inclusive.
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mb_skip_flag equal to 1 specifies that for the current macroblock, when decoding a P or SP slice, mb type shall be
inferred to be P_Skip and the macroblock type is collectively referred to as P macroblock type, or for which, when
decoding a B slice, mb_type shall be inferred to be B_Skip and the macroblock type is collectively referred to as B
macroblock type. mb_skip flag equal to 0 specifies that the current macroblock is not skipped.

mb_field_decoding_flag equal to O specifies that the current macroblock pair is a frame macroblock pair.
mb_field decoding flag equal to 1 specifies that the macroblock pair is a field macroblock pair. Both macroblocks of a
frame macroblock pair are referred to in the text as frame macroblocks, whereas both macroblocks of a field macroblock
pair are referred to in the text as field macroblocks.

When mb_field decoding flag is not present for either macroblock of a macroblock pair, the value of
mb_field decoding flag is derived as follows.

If there i
the valug
neighboy

Otherwif
same sliq
slice, the
the neigh

Otherwif
macrobl

end_of slice |
specifies the g

The function }

7.4.5 Mac]

mb_type speq

Tables and se
value of mb_t
function), thd
MbPartPredM
MbPartPredM
of mb_type m
by "X macrob

Table 7-7 sho
NOTE - TH

5 a neighbouring macroblock pair immediately to the left of the current macroblock pair in the same
of mb_field decoding_flag shall be inferred to be equal to the value of mb_field decoding Alag f
ring macroblock pair immediately to the left of the current macroblock pair,

e, if there is no neighbouring macroblock pair immediately to the left of the current macreblock pair
e and there is a neighbouring macroblock pair immediately above the current macroblock pair in the
value of mb_field decoding_flag shall be inferred to be equal to the value of mb field decoding_fl
bouring macroblock pair immediately above the current macroblock pair,

e (there is no neighbouring macroblock pair either immediately to the left orimmediately above the ¢
ck pair in the same slice), the value of mb_field decoding_flag shall be inferted to be equal to 0.

nd of the slice and that no further macroblock follows.

NextMbAddress( ) used in the slice data syntax table is specified.in subclause 8.2.2.

Foblock layer semantics
ifies the macroblock type. The semantics of mb_type-depend on the slice type.

mantics are specified for the various macroblock §pes for I, SI, P, SP, and B slices. Each table presen
ype, the name of mb_type, the number of mactoblock partitions used (given by the NumMbPart( mb |

prediction mode of the macroblock (whien it is not partitioned) or the first partition (given b
ode( mb_type, 0) function) and thexPprediction mode of the second partition (given by
ode( mb_type, 1) function). When a.value is not applicable it is designated by “na”. In the text, the
ay be referred to as the macroblock type and a value X of MbPartPredMode( ) may be referred to in th
lock (partition) prediction mode” jor as “X prediction macroblocks”.

ws the allowed collective maeroblock types for each slice_type.
ere are some macroblock types with Pred L0 prediction mode that are classified as B macroblock types.

Table)7-7 — Allowed collective macroblock types for slice_type

slice,
r the

n the
same
g for

irrent

flag equal to O specifies that another macroblock is following in the slice. end of slice flag equall to 1

ts the
ype)
y the
the
value
e text

sliCe—_type allowed collective macroblock types

F(slice) I (see Table 7-8) (macroblock types)

P (slice) P (see Table 7-10) and I (see Table 7-8) (macroblock types)
B (slice) B (see Table 7-11) and I (see Table 7-8) (macroblock types)
SI (slice) SI (see Table 7-9) and I (see Table 7-8) (macroblock types)
SP (slice) P (see Table 7-10) and I (see Table 7-8) (macroblock types)

Macroblock types that may be collectively referred to as I macroblock types are specified in Table 7-8.

The macroblo

72

ck types for I slices are all I macroblock types.
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Table 7-8 — Macroblock types for I slices
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]
0 I 4x4 Intra_4x4 na Equation 7-22 Equatjon-7-22
1 I 16x16_0 0 0 Intra_16x16 0 0 0
2 [ 16x16 1 0 0 Intra 16x16 1 0 0
3 I 16x16_2 0 0 Intra_16x16 2 0 0
4 I 16x16_3 0 0 Intra_16x16 3 0 0
5 [ 16x16 01 0 Intra 16x16 0 1 0
6 I 16x16_1.10 Intra_16x16 1 1 0
7 [ 16x16 210 Intra_16x16 2 1 0
8 [ 16x16 310 Intra 16x16 3 1 0
9 I 16x16_0 2 0 Intra_16x16 0 2 0
10 [16x16 120 Intra \16Xx16 1 2 0
11 I 16x16.2 2 0 Infra_16x16 2 2 0
12 I 16x16_3 2 0 Intra_16x16 3 2 0
13 I 16x16-020 1 Intra_16x16 0 0 15
14 I 16x16_1 0 1 Intra_16x16 1 0 15
15 E16x16 2 0 1 Intra_16x16 2 0 15
16 I 16x16 3 0 1 Intra_16x16 3 0 15
17 I 16x16 0 1 1 Intra_16x16 0 1 15
18 I 16x16 1 1 1 Intra_16x16 1 1 15
19 T T6xI6 2 11 Intra_16x16 2 I I5
20 I 16x16 3 1 1 Intra_16x16 3 1 15
21 I 16x16 0 2 1 Intra_16x16 0 2 15
22 I 16x16_1 2 1 Intra_16x16 1 2 15
23 [ 16x16 2 2 1 Intra_16x16 2 2 15
24 I 16x16 3 2 1 Intra_16x16 3 2 15
25 I PCM na na na na
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The following semantics are assigned to the macroblock types in Table 7-8:
I 4x4: the macroblock is coded as an Intra_4x4 prediction macroblock.

I 16x16_ 0 0 0,1 16x16_ 1 0 0,1 16x16 2 0 0,1 16x16 3 0 0,1 16x16_0_1 0,1 16x16 1 1 0,I 16x16 2 1 0,
I 16x16 3 1 0,1 16x16 0 2 0,1 16x16 1 2 0,1 16x16 2 2 0,1 16x16_3 2 0,1 16x16 0 0 1,I 16x16 1 0 1,
I 16x16 2 0 1,1 16x16 3 0 1,1 16x16 0 1 1,I 16x16 1 1 1,1 16x16_2 1 1,1 16x16 3 1 1,I 16x16 0 2 1
I16x16.1 2 1,1 16x16 2 2 1,1

macroblock.

B

_16x16_3 2 1: the macroblock is coded as an Intra_16x16 prediction mode

El

To each Intra 16x16 prediction macroblock, an Intral6x16PredMode is assigned, which specifies the Intra 16x16
prediction mode. CodedBlockPatternChroma contains the coded block pattern value for chroma as spec1ﬁed in
Table 7-12. GededBloe erplu e : 2 o8 ansform—eo

levels are prdsent. CodedBlockPatternLuma equal to 0 spe01ﬁes that all AC transforrn coefﬁc1ent levels in the luma
component of the macroblock are equal to 0. CodedBlockPatternL.uma equal to 15 specifies that at least-ong AC
transform codfficient levels in the luma component of the macroblock is non-zero, requiring scanning of /AC trangform
coefficient leyels for all 16 of the 4x4 blocks in the 16x16 block.

Intra_4x4 specifies the macroblock prediction mode and specifies that the Intra 4x4 predictionprocess is involed as
specified in sybclause 8.3.1. Intra_4x4 is an Intra macroblock prediction mode.

Intra_16x16 specifies the macroblock prediction mode and specifies that the Intra_16x16 prediction process is invoked as
specified in subclause 8.3.2. Intra_16x16 is an Intra macroblock prediction mode.

For a macroblock coded with mb_type equal to I PCM, the Intra macroblock prediction mode shall be inferred.

A macroblocH type that may be referred to as SI macroblock type is specified in Table 7-9.

The macroblgck types for SI slices are specified in Table 7-9 and-Table 7-8. The mb_type value 0 is specified in
Table 7-9 and/the mb_type values 1 to 26 are specified in Table 7-8,nindexed by subtracting 1 from the value of mb |type.

Table 7-9 — Macroblock typewith value 0 for SI slices

mb_type
Name of mb_type
MbPartPrédMode
(mb_type,0-)
Intral6x16PredMode

CodedBlockPatternChroma
CodedBlockPatternLuma

0 SI Intra_4x4 na Equation 7-22 | Equation 7-22

The following semantics are assigned to the macroblock type in Table 7-9. The SI macroblock is coded as Intrg 4x4
prediction macroblock.

Macroblock types that may be collectively referred to as P macroblock types are specified in Table 7-10.

The macroblock types for P and SP slices are specified in Table 7-10 and Table 7-8. mb_type values 0 to 4 are specified
in Table 7-10 and mb_type values 5 to 30 are specified in Table 7-8, indexed by subtracting 5 from the value of mb_type.
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Table 7-10 — Macroblock type values 0 to 4 for P and SP slices

o @ o
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z E = te g 2z | E2
| - = o] Fo £ 7
) ) £ € v ! S -]
= ) = E =< == & E A~ E
= N = E E
z = =
0 P_LO_16x16 1 Pred_LO na 16 16
1 P LO LO 16x8 2 Pred LO Pred LO 16 8
2 P LO LO 8x16 2 Pred LO Pred LO 8 16
3 P _8x8 4 na na 8 8
4 P_8x8ref0 4 na na 8 8
inferred P_Skip 1 Pred LO na 16 16

The following semantics are assigned to the macroblock types in Table,7-10.

— P LO_16x16: the samples of the macroblock are predicted with one luma macroblock partition of siz
amples and associated chroma samples.

— P _LO _LO MxN, with MxN being replaced by 16x8.01)8x16: the samples of the macroblock are predi
uma partitions of size MxN equal to 16x8, or #wo luma partitions of size MxN equal to 8x16, g
hroma samples, respectively.

— P _8x8: for each sub-macroblock an additional syntax element (sub_mb_ type) is present in the
pecifies the type of the corresponding suib-macroblock (see subclause 7.4.5.2).

— P _8x8ref0: has the same semantics as’P_8x8 but no syntax element for the reference index (ref idx 1(

the bitstream and ref idx 10[ mbPartldx ] shall be inferred to be equal to O for all sub-macro
macroblock (with indices mbPartldx equal to 0..3).

—  P_Skip: no further data is,present for the macroblock in the bitstream.

The following semantics are assigned to the macroblock prediction modes (MbPartPredMode( )) in Table 7

e 16x16 luma

ted using two
nd associated

bitstream that
) is present in

blocks of the

10.

—  Pred LO: specifies that the inter prediction process is invoked using list 0 prediction. Pred LD is an Inter

macroblocké{rediction mode.

Macrpbloeck types that may be collectively referred to as B macroblock types are specified in Table 7-11.

The macroblock types for B slices are specified in Table 7-11 and Table 7-8. The mb_type values 0 to 22 are specified in
Table 7-11 and the mb_type values 23 to 48 are specified in Table 7-8, indexed by subtracting 23 from the value of

mb_type.
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Table 7-11 — Macroblock type values 0 to 22 for B slices

@ @ @
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0 B_Direct_16x16 na Direct na 8 8

1 B L0 16x16 1 Pred LO na 16 16

2 B_L1_16x16 1 Pred_L1 na 16 16

3 B _Bi_l6x16 1 BiPred na 16 16

4 B LO LO 16x8 2 Pred LO Pred LO 16 8

5 B_LO_LO_8x16 2 Pred_LO Pred_LO 8 16

6 B L1 L1 16x8 2 Pred_L1 Pred Il 16 8

7 B L1 L1 8x16 2 Pred L1 Pred L1 8 16

8 B LO L1 16x8 2 Pred_LO Pred_L1 16 8

9 B L0 L1 8x16 2 Pred_LO Pred_L1 8 16

10 B L1 LO 16x8 2 Pred L1 Pred LO 16 8

11 B L1 _LO 8x16 2 Pred L1 Pred_LO 8 16

12 B_L0_Bi_16x8 2 Pred_LO BiPred 16 8

13 B L0 Bi 8x16 2 Pred LO BiPred 8 16

14 B_L1 _Bi_16x8 2 Pred_L1 BiPred 16 8

15 B_L1_Bi_8x16 2 Pred_L1 BiPred 8 16

16 B Bi LO(16x8 2 BiPred Pred LO 16 8

17 B_BinL0_8x16 2 BiPred Pred_LO 8 16

18 B Bi_L1_16x8 2 BiPred Pred_L1 16 8

19 B Bi L1 8x16 2 BiPred Pred L1 8 16

20 B Ri Bi 16xR 2 RiPred RiPred 16 ]

21 B_Bi_Bi_8x16 2 BiPred BiPred 8 16

22 B 8x8 4 na na 8 8

inferred B_Skip na Direct na 8 8

The following semantics are assigned to the macroblock types in Table 7-11:

— B _Direct 16x16: no motion vector differences or reference indices are present for the macroblock in the bitstream.
The functions MbPartWidth( B_Direct 16x16 ), and MbPartHeight( B_Direct 16x16 ) are used in the derivation
process for motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.
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B X 16x16 with X being replaced by L0, L1, or Bi: the samples of the macroblock are predicted with one luma
macroblock partition of size 16x16 luma samples and associated chroma samples. For a macroblock with type
B X 16x16 with X being replaced by either LO or L1, one motion vector difference and one reference index is
present in the bitstream for the macroblock. For a macroblock with type B X 16x16 with X being replaced by Bi,
two motion vector differences and two reference indices are present in the bitstream for the macroblock.

B X0 X1 MxN, with X0, X1 referring to the first and second macroblock partition and being replaced by L0, L1,
or Bi, and MxN being replaced by 16x8 or 8x16: the samples of the macroblock are predicted using two luma
partitions of size MxN equal to 16x8, or two luma partitions of size MxN equal to 8x16, and associated chroma
samples, respectively. For a macroblock partition X0 or X1 with X0 or X1 being replaced by either LO or L1, one
motion vector difference and one reference index is present in the bitstream. For a macroblock partition X0 or X1
with X0 or X1 being replaced by Bi, two motion vector differences and two reference indices are present in the
bitstream for the macroblock partition.

B 8x8: for each sub-macroblock an additional syntax element (sub_mb type) is present n._the pitstream that
pecifies the type of the corresponding sub-macroblock (see subclause 7.4.5.2).

B Skip: no further data is present for the macroblock in the bitstream. The functionsMbPartWidth([B_Skip ), and
MbPartHeight( B_Skip ) are used in the derivation process for motion vectors and teference frame indices in
ubclause 8.4.1 for direct mode prediction.

The flollowing semantics are assigned to the macroblock prediction modes (MbPartPredMode( )) in Table 7{11.

pem |alignment_zero_bit is a bit equal to 0.

Direct: no motion vector differences or reference indices are present forvthe macroblock (in case |of B_Skip or
B Direct 16x16) in the bitstream. Direct is an Inter macroblock prediction mode.

Pred_L0O: see semantics for Table 7-10.

Pred L1: specifies that the Inter prediction process is ifivoked using list 1 prediction. Pred Ijl is an Inter
macroblock prediction mode.

BiPred: specifies that the Inter prediction process is.invoked using list 0 and list 1 prediction. BiPfed is an Inter
macroblock prediction mode.

pem |byte[ i ] is a sample value. pcm_byte[ 1] shall not be equal to 0. The first 256 pcm_byte[ i | values gepresent luma
sample values in the raster scan within, the macroblock. The next ( 256 * ( ChromaFormatFactor - 1))/ 2[pcm_byte[ i ]
valugs represent Cb  sample. (yalues in the raster scan within the macroblock. The last
(256/* ( ChromaFormatFactor - 17),)}7 2 pcm_byte[ i ] values represent Cr sample values in the raster s¢an within the

macrpblock.

codegl block pattern speocifies which of the six 8x8 blocks - luma and chroma — may contain non-zero transform
coeff]cient levels. For mactoblocks with prediction mode not equal to Intra 16x16, coded block pattern is|present in the

bitstrpam and the variables CodedBlockPatternLuma and CodedBlockPatternChroma are derived as followy.

CodedBlockPatternLuma = coded_block pattern % 16
CodedBlockPatternChroma = coded block pattern/ 16 (7-22)

When coded block pattern is present, CodedBlockPatternLuma specifies, for each of the four 8x8 luma|blocks of the
macroblock, one of the following cases.

All transform coefficient levels of the four 4x4 luma blocks in the 8x8 luma block are equal to zero

One or more transform coefficient levels of one or more of the 4x4 luma blocks in the 8x8 luma block shall be non-
zero valued.

The meaning of CodedBlockPatternChroma is specified in Table 7-12.
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Table 7-12 — Specification of CodedBlockPatternChroma values

CodedBlockPatternChroma

Description

0 All chroma transform coefficient levels are equal to 0.

1 One or more chroma DC transform coefficient levels shall be non-zero
valued.
All chroma AC transform coefficient levels are equal to 0.

2 Zero or more chroma DC transform coefficient levels are non-zero valued.

One or more chroma AC transform coefficient levels shall be non-zero
valued.

mb_qp_delta can change the value of QPy in the macroblock layer. The decoded value of mb_qp_delta shall be |n the
range of -26 fo +25, inclusive. mb_qp_delta shall be inferred to be equal to 0 when it is not present for any macroplock
(including P_Bkip and B_Skip macroblock types).
The value of QPy is derived as

QPy =[( QPyprey + mb_gp_delta +52) % 52 (1-23)
where QPvy prfv is the luma quantisation parameter, QPy, of the previous macroblock in decoding order in the cfirrent
slice. For the|first macroblock in the slice QPy pggy is initially set equal to SliceQPy derived in Equation 7-16 at th¢ start
of each slice.
7.4.5.1 Magroblock prediction semantics
All samples (:Lthe macroblock are predicted. The prediction modes arederived using the following syntax elements
prev_intradxd pred_mode_flag] luma4x4Blkldx | and remtintra4x4 pred _mode[ luma4x4Blkldx | specify] the
Intra_4x4 prefliction of the 4x4 luma block with index luma4x4Blkldx = 0..15.
intra_chroma_pred_mode specifies the type of spatial prediction used for chroma in macroblocks using Intra 4x4 or

Intra 16x16 f

g

rediction, as shown in Table 7-13.

able 7-13 — Relationship betweenintra_chroma_pred_mode and spatial prediction modes

intra_chroma. pred_mode Intra Chroma Prediction Mode
0 DC
1 Horizontal
2 Vertical
3 Plane

ref_idx_I0[ mbP:

The range of ref idx_10[ mbPartldx ], the index in list O of the reference picture, and, if applicable, the parity of the field
within the reference picture used for prediction are specified as follows.

be in the range of 0 to num_ref idx 10 active minusl, inclusive.

Otherwise (MbaffFrameFlag

is equal tol and mb field decoding flag is equal to 1),

ref idx_10[ mbPartldx ] shall be in the range of 0 to 2 * num_ref idx 10_active minusl + 1, inclusive.

If MbaffFrameFlag is equal to 0 or mb_field decoding flag is equal to 0, the value of ref idx 10[ mbPartldx ] shall

the wvalue of

When only one reference picture is used for inter prediction, the values of ref idx 10[ mbPartldx ] shall be inferred to be

equal to 0.

ref _idx_11[ mbPartldx ] has the same semantics as ref idx_10, with 10 and list 0 replaced by 11 and list 1, respectively.

78
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mvd_10[ mbPartldx ][ 0 ][ compldx | specifies the difference between a vector component to be used and its prediction.
The index mbPartldx specifies to which macroblock partition mvd 10 is assigned. The partitioning of the macroblock is
specified by mb_type. The horizontal motion vector component difference is decoded first in decoding order and is
assigned Compldx = 0. The vertical motion vector component is decoded second in decoding order and is assigned
Compldx = 1. The range of the components of mvd_10[ mbPartldx ][ 0 ][ compldx ] is specified by constraints on the
motion vector variable values derived from it as specified in Annex A.

mvd_11[ mbPartldx ][ 0 ][ compldx ] has the same semantics as mvd 10, with 10 and LO replaced by 11 and LI,

respe

ctively.

7.4.5.2 Sub-macroblock prediction semantics

sub_

Tablg
value
Num
SubM
macr

The

The f

]

! PREIE G 2 T o 1 1 1
mb—typet mbPartidx{spectesthesub-mmacrobtock types:

s and semantics are specified for the various sub-macroblock types for P, SP, and B slices. Eagh.tab
of sub mb type, the name of sub mb type, the number of sub-macroblock partitions Jused
BubMbPart( sub_mb_type ) function), and the prediction mode of the sub-macroblock (g
[bPredMode( sub_mb_type ) function). In the text, the value of sub_mb type may, be referred
block type”. In the text, the value of SubMbPredMode( ) may be referred to by “subsmacroblock pred

ub-macroblock types for P macroblock types are specified in Table 7-14.

Table 7-14 — Sub-macroblock types in P maetoblocks

= = = = = =
= = = = = =
T | i £ | 2 s | g%
= = 5= B = < & oD
A -9 A A E A = A D R
= =2 == = 22 2
g © E S E & T E € E
) ET 27 oy £3 £
2 S 2 = = & = & ==
5 7E ESWPDES Z5 | 5
2 = =2 £ = <o 2 2
EI El z EI 7 EI @ E| a E|
2 = ) 2 = =
= = s E = =
v w2 » ] wn wn
0 P _LO_8x8 1 Pred LO 8 8
1 P LO:-8x4 2 Pred LO 8 4
2 P LO 4x8 2 Pred_LO 4 8
3 P L0 4x4 4 Pred LO 4 4

bllowing semantics are assigned to the sub-macroblock types in Table 7-14.

P LO_MxN, with MxN being replaced by 8x8, 8x4, 4x8, or 4x4: the samples of the sub-macroblock
ising.ohe luma partition of size MxN equal to 8x8, two luma partitions of size MxN equal to 8x4
partitions of size MxN equal to 4x8, or four luma partitions of size MxN equal to 4x4, and asso

e presents the
given by the
ven by the
to by “sub-
iction mode”.

are predicted
or two luma
tiated chroma

samples, respectively.

The following semantics are assigned to the sub-macroblock prediction modes (SubMbPredMode( )) in Table 7-14.

—  Pred LO: see semantics for Table 7-10.

© 180
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The sub-macroblock types for B macroblock types are specified in Table 7-15.

Table 7-15 — Sub-macroblock types in B macroblocks

T = = ™ ™ ™
= = = = = =
= = - - =5 =%
s s 53 TS S & %0 5
A A a A s -] Hall- D A
= 2 == = 22 =2
£ o E S E TE tE € E
E ET =3 £ £z | &%
2 S & Z = =& - = a
z zz £ S sz sz
2 2 g 3 2 =2 =
E E ZE @ E ZE | ZE
o ) ) o o o
H H H H H 2
na B_Skip na Direct 4 4
na B Direct 16x16 na Direct 4 4
0 B _Direct_8x8 na Direct 4 4
1 B L0 8x8 1 Pred L0 8 8
2 B L1 8x8 1 Pred L1 8 8
3 B_Bi_8x8 1 BiPred 8 8
4 B L0 8x4 2 Pred 10 8 4
5 B L0 4x8 2 Prad_LO 4 8
6 B L1 8x4 2 Pred L1 8 4
7 B L1 4x8 2 Pred L1 4 8
8 B Bi 8x4 2 BiPred 8 4
9 B_Bi_4x8 2 BiPred 4 8
10 B_L0-4x4 4 Pred L0 4 4
11 B L1 4x4 4 Pred L1 4 4
12 B_Bi_4x4 4 BiPred 4 4
The following semantics dre assigned to the macroblock types in Table 7-15:
B_Skip gnd/B_Direct 16x16: no motion vector differences or reference indices are present for the sub-macroplock
in the bifsttéam. The functions SubMbPartWidth( ) and SubMbPartHeight( ) are used in the derivation procefs for

80

motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.

B_Direct 8x8: no motion vector differences or reference indices are present for the sub-macroblock in the bitstream.
The functions SubMbPartWidth( B_Direct 8x8 ) and SubMbPartHeight( B_Direct 8x8 ) are used in the derivation
process for motion vectors and reference frame indices in subclause 8.4.1 for direct mode prediction.

B_X MxN, with X being replaced by L0, L1, or Bi, and MxN being replaced by 8x8, 8x4, 4x8 or 4x4: the samples
of the sub-macroblock are predicted using one luma partition of size MxN equal to 8x8, or the samples of the sub-
macroblock are predicted using two luma partitions of size MxN equal to 8x4, or the samples of the sub-macroblock
are predicted using two luma partitions of size MxN equal to 4x8, or the samples of the sub-macroblock are
predicted using four luma partitions of size MxN equal to 4x4, and associated chroma samples, respectively. All
sub-macroblock partitions share the same reference index. For an MxN sub-macroblock partition in a sub-
macroblock with sub_mb_type being B. X MxN with X being replaced by either LO or L1, one motion vector
difference is present in the bitstream. For an MxN sub-macroblock partition in a sub-macroblock with sub_mb_type
being B_Bi_MxN, two motion vector difference are present in the bitstream.
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The following semantics are assigned to the sub-macroblock prediction modes (SubMbPredMode( )) in Table 7-15.

Direct: see semantics for Table 7-11.
Pred LO: see semantics for Table 7-10.
Pred L1: see semantics for Table 7-11.

BiPred: see semantics for Table 7-11.

ref_idx_10[ mbPartldx ] has the same semantics as ref idx_10 in subclause 7.4.5.1.

ref ifIX_TIT mbParfldx | has the same semantics as ref_idx_II in subclause /.4.5.1.

mvd |
is applied to the sub-macroblock partition index with subMbPartldx. The indices mbPartldx and subMbPart
which macroblock partition and sub-macroblock partition mvd_10 is assigned.

mvd |

7.4.5{3 Residual data semantics

The dyntax structure residual block( ), which is used for parsing the transform coéfficient levels, is assigneq

Depepding on mb_type, luma or chroma, the syntax structur®residual block( coeffLevel, maxNumCoeff
the afguments coeffLevel, which is a list containing the maxNumCoeff transform coefficient levels that
residpal_block( ), and maxNumCoeff as follows.

[10] mbPartldx ][ subMbPartldx ][ compldx | has the same semantics as mvd_10 in subclause 7:4:5.1)

[11] mbPartldx ][ subMbPartldx ][ compldx | has the same semantics as mvd_11 in subclause 7.4.5.1.

Iff entropy_coding_mode flag is equal to 0, residual block is set equalto*residual block cavle, whi
parsing the syntax elements for transform coefficient levels.

therwise (entropy coding mode flag is equal to 1), residual block is set equal to residual block c
ysed for parsing the syntax elements for transform coefficientdevels.

IDepending on MbPartPredMode( mb_type, 0 ),:the Tollowing applies.

- If MbPartPredMode( mb_type, 0 ) is-equal to Intra 16x16, the transform coefficient levels are
list Intral6x16DCLevel and into the 16 lists Intral6x16ACLevel[ i ]. Intral6x16DCLevel cd
transform coefficient levels of the DC transform coefficient levels for each 4x4 luma block. For
4x4 luma blocks indexed byi = 0..15, the 15 AC transform coefficients levels of the i-th block 4
the i-th list Intral6x16ACLevel[ i ].

- Otherwise (MbPartPredMode( mb_type, 0 ) is not equal to Intra_16x16), for each of the 16 4x
indexed by i =.0%5, the 16 transform coefficient levels of the i-th block are parsed int
LumaLevel[ i .

Hor each chroma _component, indexed by iCbCr = 0..1, the 4 DC transform coefficient levels of th
Blocks are parsed into iCbCr-th list ChromaDCLevel[ iCbCr ].

Hor eachof-the 4x4 chroma blocks, indexed by i4x4 = (..3, of each chroma component, indexed by iCl
15 AC ‘transform coefficient levels are parsed into the i4x4-th list of the iCbCr-th chronj
hfomaACLevel[ iCbCr ][ i4x4 ].

except that it
Idx specify to

| as follows.

ch is used for

wbac, which is

is used with
are parsed in

arsed into the
ntains the 16
cach of the 16
re parsed into

1 luma blocks
b the i-th list

t 4x4 chroma

bCr = 0..1, the
a component

7.4.5.3.1 Residual block CAVLC semantics

The function TotalCoeff( coeff token ) that is used in subclause 7.3.5.3.1 returns the number of non-zero transform
coefficient levels derived from coeff token.

The function TrailingOnes( coeff token ) that is used in subclause 7.3.5.3.1 returns the trailing ones derived from
coeff token.

coeff_token specifies the total number of non-zero transform coefficient levels and the number of trailing one transform
coefficient levels in a transform coefficient level scan. A trailing one transform coefficient level is one of up to three
consecutive non-zero transform coefficient levels having an absolute value equal to 1 at the end of a scan of non-zero
transform coefficient levels. The range of coeff token is specified in subclause 9.2.1.

trailing_ones_sign_flag specifies the sign of a trailing one transform coefficient level as follows.
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Otherwise

If trailing_ones_sign_flag is equal to 0, the corresponding transform coefficient level is decoded as +1.

(trailing_ones_sign flag equal to 1), the corresponding transform coefficient level is decoded as -1.

level prefix and level suffix specify the value of a non-zero transform coefficient level. The range of level prefix and
level suffix is specified in subclause 9.2.2.

total_zeros specifies the total number of zero-valued transform coefficient levels that are located before the position of
the last non-zero transform coefficient level in a scan of transform coefficient levels. The range of total zeros is specified
in subclause 9.2.3.

run_before specifies the number of consecutive transform coefficient levels in the scan with zero value before a non-

zero valued tr:

coeffLevel co|

7.4.5.3.2 Res
coded_block|
If coded |

Otherwis

significant_c

If signifid

Otherwis
zero valu

ansform coefficient level. The range of run before is specified in subclause 9.2.3.

htains maxNumCoeff transform coefficient levels for the current list of transform coefficient levels,

idual block CABAC semantics

| flag specifies whether the block contains non-zero transform coefficient levels as follows.

block flag is equal to 0, the block contains no non-zero transform coefficient levels.

e (coded block flag is equal to 1), the block contains at least one non-zero transfofm coefficient level,
peff flag| i | specifies whether the transform coefficient level at scanning position i is non-zero as foll
ant_coeff flag[ i]is equal to 0, the transform coefficient level at scanfiing position i is set equal to 0;

b (significant_coeff flag[ i] is equal to 1), the transform coefficient.level at scanning position i has 4

h
C.

WS.

non-

last_significapt coeff flag[i] specifies for the scanning position i whether there are non-zero transform coeffiicient

levels for sub

If last_si
block hay

Otherwis
the scann|

coeff_abs_ley
coeff abs_lev
coeff_sign_fl
If coeff 4

Otherwis

coeffLevel co|

8 Dec
Outputs of thi

equent scanning positions i + 1 to maxNumCoeff — 1 as‘follows.

pnificant_coeff flag[ i] is equal to 1, all following<transform coefficient levels (in scanning order)
e value equal to 0..

e (last_significant_coeff flag[ i ] is equal to,0), there are further non-zero transform coefficient levels
ing path.

el minusl[i] is the absolute value of a transform coefficient level minus 1. The valy
el minusl is constrained by the limits in subclause 8.5.

hg| 1 | specifies the sign of atransform coefficient level as follows.
ign flag is equal to 0, the corresponding transform coefficient level has a positive value.
e (coeff sign flag is equal to 1), the corresponding transform coefficient level has a negative value.

htains maxNumC€oeff transform coefficient levels for the current list of transform coefficient levels.

pding process

bf the

along

e of

5 process are decoded samples of the current picture (sometimes referred to by the variable CurrPic).

This clause describes the decoding process, given syntax elements and upper-case variables from clause 7.

The decoding process is specified such that all decoders shall produce numerically identical results. Any decoding
process that produces identical results to the process described here conforms to the decoding process requirements of
this Recommendation | International Standard.

Each picture referred to in this clause is a primary picture. Each slice referred to in this clause is a slice of a primary

picture. Each

An overview o

The deco

82

slice data partition referred to in this clause is a slice data partition of a primary picture.
fthe decoding process is given as follows.

ding of NAL units is specified in subclause 8.1.

The processes in subclause 8.2 specify decoding processes using syntax elements in the slice layer and above.
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Variables and functions relating to picture order count are derived in subclause 8.2.1. (only
invoked for one slice of a picture)

needed to be

Variables and functions relating to the macroblock to slice group map are derived in subclause 8.2.2. (only

needed to be invoked for one slice of a picture)

The method of combining the various partitions when slice data partitioning is used is described in subclause

8.2.3.

When the frame num of the current picture is not equal to PrevRefFrameNum and is
( PrevRefFrameNum + 1 ) % MaxFrameNum, the decoding process for gaps in frame num
according to subclause 8.2.5.2 prior to the decoding of any slices of the current picture.

not equal to
is performed

8.1
Input]
Outp

The
deco

Prior to decoding each slice, the derivation of reference picture lists as described in 8.2.4 is nece
prediction.

When the current picture is a reference picture and after all slices of the current picture have beer
decoded reference picture marking process in subclause 8.2.5 specifies how the current picture
decoding process of inter prediction in later decoded pictures.

'he processes in subclauses 8.3, 8.4, 8.5, 8.6, and 8.7 specify decoding processes: using syntax el
hacroblock layer and above.

The intra prediction process for I and SI macroblocks, except for‘I¥PCM macroblocks as
subclause 8.3, has intra prediction samples as its output. For I\PCM macroblocks subclaus
specifies a picture construction process. The output are the comstructed samples prior to the de
process.

The inter prediction process for P and B macroblocks is specified in subclause 8.4 with inter pred
being the output.

The transform coefficient decoding process and picture construction process prior to deblocking
are specified in subclause 8.5. That process derives samples for I and B macroblocks and for P ma
slices. The output are constructed samples prior, to the deblocking filter process.

The decoding process for P macroblocks in SP slices or SI macroblocks is specified in subclg
process derives samples for P macroblocks in SP slices and for SI macroblocks. The output a
samples prior to the deblocking filtet\process.

The constructed samples prior™o the deblocking filter process that are next to the edges
macroblocks are processed l5y,'a deblocking filter as specified in subclause 8.7 with the output bein
samples.

NAL unit decoding process
5 to this process,.are/NAL units.
its of this pfoeess are the RBSP syntax structures encapsulated within the NAL units.

lecoding process for each NAL unit extracts the RBSP syntax structure from the NAL unit and the
ling processes specified for the RBSP syntax structure in the NAL unit as follows.

Subc

ssary for inter

) decoded, the
is used in the

ements in the

specified in
e 8.3 directly
blocking filter

ction samples

filter process
croblocks in P

use 8.6. That
e constructed

f blocks and
g the decoded

h operates the

ause 8 2 describes the Hpr‘nding process for NAT units with nal unit type P{'}HQ] to 1 ‘rhrnngh 5

Subclauses 8.3 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with
nal unit type equal to 1, 2, and 5.

Subclause 8.4 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with
nal_unit _type equal to 1 and 2.

Subclause 8.5 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with
nal_unit type equal to 1 and 3 to 5.

Subclause 8.6 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with
nal_unit type equal to 1 and 3 to 5.
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Subclause 8.7 describes the decoding process for a macroblock or part of a macroblock coded in NAL units with

nal_unit type

equalto 1 to 5.

NAL units with nal_unit_type equal to 7 and 8 contain sequence parameter sets and picture parameter sets, respectively.
Picture parameter sets are used in the decoding processes of other NAL units as determined by reference to a picture
parameter set within the slice headers of each picture. Sequence parameter sets are used in the decoding processes of
other NAL units as determined by reference to a sequence parameter set within the picture parameter sets of each

sequence.

No normative

decoding process is specified for NAL units with nal_unit_type equal to 6, 9, 10, 11, and 12.

8.2 Slice decoding process
8.2.1 Decqdding process for picture order count
Outputs of this process are TopFieldOrderCnt (if applicable) and BottomFieldOrderCnt (if applicable).

Picture order
subclauses 8.
derivation in
subclause 8.4

Picture order
decoded fram

Each cod
for its tof]

Each cod
BottomF

Each con
coded toy]

TopFieldOrdsg
relative to t
memory_man

TopFieldOrdsg
count type 0
memory mang
to  PicOrde
TopFieldOrdg
BottomFieldd

The bitstream
coded IDR fr4
a coded IDR

fields of a cod

When the curl

associated

a pi
the following additional pictures.

counts are used to determine initial picture orderings for reference pictures in the decoding of B slice
P.4.2.3 and 8.2.4.2.4), to represent picture order differences between frames or figlds’for motion 1
temporal direct mode (see subclause 8.4.1.2.3), for implicit mode weighted prediction in B slice
2.3.2), and for decoder conformance checking (see subclause C.4).

), or complementary field pair as follows:

ed frame is associated with two picture order counts, called TopEieldOrderCnt and BottomFieldOrd|
field and bottom field, respectively.

ed field is associated with a picture order count, called-TopFieldOrderCnt for a coded top fiel
eldOrderCnt for a bottom field.

iplementary field pair is associated with two picture ‘0rder counts, which are the TopFieldOrderCnt
field and the BottomFieldOrderCnt for its coded bottom field, respectively.

rCnt and BottomFieldOrderCnt indicate the picture order of the corresponding top field or bottom
he first output field of the previous IDR picture or the previous reference picture includ
pgement _control operation equal to 5 in‘decoding order.

rCnt and BottomFieldOrderCnt are. derived by invoking one of the decoding processes for picture

1, and 2 in subclauses 8.2.1.1,:8.2.1.2, and 8.2.1.3, respectively. When the current picture inclyj
gement control operation equal\to 5, after the decoding of the current picture, tempPicOrderCnt is set
Cnt( CurrPic ), TopFieldOrderCnt of the current picture (if any) is set equa
rCnt - tempPicOrderCnty, and BottomFieldOrderCnt of the current picture (if any) is set equ
rderCnt - tempPicOfderCnt.

shall not contain data that results in Min( TopFieldOrderCnt, BottomFieldOrderCnt ) not equal to 0
me, TopField@rderCnt not equal to 0 for a coded IDR top field, or BottomFieldOrderCnt not equal to
pbottom figld.» Thus, at least one of TopFieldOrderCnt and BottomFieldOrderCnt shall be equal to 0 ff
ed IDRframe.

entpicture is not an IDR picture, the following applies.

5 (see
ector
(see

count information is derived for every frame, field (whether decoded from a’coded field or as a part of a

erCnt

il and

for its

field
ng a

order
des a
lequal

to
al to

for a
0 for
br the

with the list of pictures including all of the following

the first picture in the list is the previous picture of any of the following types
an IDR picture

icture containing a memory management control_operation equal to 5

Consider the list variable listD containing as elements the TopFieldOrderCnt and BottomFieldOrderCnt values

If pic_order cnt_type is equal to 0, all other pictures that follow in decoding order after the first picture in the

list and are not "non-existing" frames inferred by the decoding process for gaps in frame num specified in
subclause 8.2.5.2 and either precede the current picture in decoding order or are the current picture. When
pic_order cnt_type is equal to 0 and the current picture is not a "non-existing" frame inferred by the decoding
process for gaps in frame num specified in subclause 8.2.5.2, the current picture is included in listD prior to the
invoking of the decoded reference picture marking process.
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Otherwise (pic_order cnt type is not equal to 0), all other pictures that follow in decoding order

after the first

picture in the list and either precede the current picture in decoding order or are the current picture. When
pic_order cnt type is not equal to 0, the current picture is included in listD prior to the invoking of the decoded

reference picture marking process.

- Consider the list variable listO which contains the elements of listD sorted in ascending order. listO shall not contain
any of the following.

a pair of TopFieldOrderCnt and BottomFieldOrderCnt for a frame or complementary field pair that are not at

consecutive positions in listO.

a TopFieldOrderCnt that has a value equal to another TopFieldOrderCnt.

The 4
or Fr
value

The function PicOrderCnt( picX ) is specified as follows:

Then

The 4
are 11

tii

a BottomFieldOrderCnt that has a value equal to another BottomFieldOrderCnt.

a BottomFieldOrderCnt that has a value equal to a TopFieldOrderCnt unless the BottomKield
TopFieldOrderCnt belong to the same coded frame or complementary field pair.

itstream shall not contain data that results in values of TopFieldOrderCnt, BottomFieldOrderCnt, Pic
hmeNumOffset used in the decoding process as specified in subclauses 8.2.1.1 to 82,13 that excee
s from -2°' to 2°'-1, inclusive.

if( picX is a frame or a complementary field pair )
PicOrderCnt( picX ) = Min( TopFieldOrderCnt, BottomFieldOrderCnt ) of the frame or complem
pair picX
else if( picX is a top field )
PicOrderCnt( picX ) = TopFieldOrderCnt of field picX
else if( picX is a bottom field )
PicOrderCnt( picX ) = BottomFieldOrderCnt of field{picX

DiffPicOrderCnt( picA, picB ) is specified as follows:

DiffPicOrderCnt( picA, picB ) = PicOrderCnt( picA ) - PicOrderCnt( picB )

itstream shall contain data that results-in values of DiffPicOrderCnt( picA, picB ) used in the decodin
the range of -2'* to 2" - 1, inclusive!

DTE — Let X be the current picture,and Y and Z be two other pictures in the same sequence, Y and Z are considg

gative.

DTE — Many applicationstassign PicOrderCnt( X ) proportional to the sampling time of the picture X relative
ne of an IDR picture.

OrderCnt and

DrderCntMsb,
1 the range of

entary field

(8-1)

(8-2)
g process that

red to be in the

me output order direction from X\ when both DiffPicOrderCnt( X, Y ) and DiffPicOrderCnt( X, Z ) are posifive or both are

o the sampling

Whei the current pictute/includes a memory management control operation equal to 5, PicOrderCnt( CunrPic ) shall be

great

8.2.1
This

er than PicOrderCnt( any other picture in listD ).

1 Decoding process for picture order count type 0

brocéss)is invoked when pic_order_cnt_type is equal to 0.

Inputltc

Outputs of this process are either or both TopFieldOrderCnt or BottomFieldOrderCnt.

The variables prevPicOrderCntMsb and prevPicOrderCntLsb are derived as follows.

is subclause.

- If the current picture is an IDR picture, prevPicOrderCntMsb is set equal to 0 and prevPicOrderCntLsb is set equal
to 0.

- Otherwise (the current picture is not an IDR picture), the following applies.

If the previous reference picture in decoding order included a memory management control operation equal

to 5, the following applies.
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If the previous reference picture in decoding order is not a bottom field, prevPicOrderCntMsb is set equal

to 0 and prevPicOrderCntLsb is set equal to the value of TopFieldOrderCnt for the previous reference
picture in decoding order.

equal to 0 and prevPicOrderCntLsb is set equal to 0.

Otherwise

(the previous reference picture in decoding order did not

include

Otherwise (the previous reference picture in decoding order is a bottom field), prevPicOrderCntMsb is set

a

memory management control operation equal to 5), prevPicOrderCntMsb is set equal to PicOrderCntMsb of
the previous reference picture in decoding order and prevPicOrderCntLsb is set equal to the value of
pic_order_cnt_Isb of the previous reference picture in decoding order.

PicOrderCntl\

if( ( pi
((q
Pig

else iff
Pi

else
Pi

—

C

—

C

When the cur}

if( !fie
To

When the cur}

if( !fie

Bo

else iff

Bo

8.2.1.2 Dec
This process i
Input to this p
Outputs of thi

The wvalues
prevFrameNul

When the cur}

If the pl
prevFram

Asb-ofthe-current-picture-is-derived-asfollows:

_order_cnt_Isb < prevPicOrderCntLsb ) &&

revPicOrderCntLsb — pic_order cnt Isb ) >= ( MaxPicOrderCntLsb/2)))
OrderCntMsb = prevPicOrderCntMsb + MaxPicOrderCntLsb
(pic_order cnt Isb > prevPicOrderCntLsb ) &&

( (pic_order cnt Isb — prevPicOrderCntLsb ) > ( MaxPicOrderCntLsb/2)))
OrderCntMsb = prevPicOrderCntMsb — MaxPicOrderCntLsb

OrderCntMsb = prevPicOrderCntMsb

fent picture is not a bottom field, TopFieldOrderCnt is derived as follows;

d pic_flag || !'bottom_field flag)
pFieldOrderCnt = PicOrderCntMsb + pic_order cnt_Isb

ent picture is not a top field, BottomFieldOrderCnt is defived as follows:

d pic_flag)

tomFieldOrderCnt = TopFieldOrderCnt + delta_pic_order cnt bottom

bottom_field flag)

tomFieldOrderCnt = PicOrderCntMsb + pictorder cnt Isb

oding process for picture order count type 1

s invoked when pic_order_cnt_type is equal to 1.

rocess is FrameNumOffset 0f the previous picture in decoding order as specified in this subclause.

5 process are either or,both TopFieldOrderCnt or BottomFieldOrderCnt.

of TopFieldOrderCat and BottomFieldOrderCnt are derived as specified in this subclause
m be equal to the frame num of the previous picture in decoding order.

fent pictureds not an IDR picture, the variable prevFrameNumOffset is derived as follows.

reviouscpicture in decoding order included a memory management control operation equal
eNumOffset is set equal to 0.

8-3)

8-4)

8-5)

Let

to 5,

Otherwis

L4al - e - =l 1. 1 1.1 R 1.l % 4 1 o
v \lllc PICVIUUD Pl\-lulc 11T UCbUUlllé UILTUCT UIt TIUU ICIUuUT a lllClllUly_lllallaéclllclll,_bUllLlUl_UpClCll.lUll

equal

to 5), prevFrameNumOffset is set equal to the value of FrameNumOffset of the previous picture in decoding order.

NOTE — When gaps_in frame num value allowed flag is equal to 1, the previous picture in decoding order may be a "non-
existing" frame inferred by the decoding process for gaps in frame num specified in subclause 8.2.5.2.

The derivation proceeds in the following ordered steps.

1.

if( nal unit type

The variable FrameNumOffset is derived as follows:

5)

FrameNumOffset = 0
else if( prevFrameNum > frame num )
FrameNumOffset = prevFrameNumOffset + MaxFrameNum

else

FrameNumOffset = prevFrameNumOffset
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The variable absFrameNum is derived as follows:

if( num_ref frames in pic_order cnt cycle != 0)
absFrameNum = FrameNumOffset + frame num

else 8-7
absFrameNum = 0

if( nal ref idc == 0 && absFrameNum > 0)
absFrameNum = absFrameNum — 1

When absFrameNum > 0, picOrderCntCycleCnt and frameNumInPicOrderCntCycle are derived as follows:

iF( absFrameNum n) {

picOrderCntCycleCnt = ( absFrameNum — 1 ) / num_ref frames_in pic_order cnt cycle
frameNumInPicOrderCntCycle = ( absFrameNum — 1 ) % num_ref frames in pic_order cnt cycle (8-8)

}

The variable expectedDeltaPerPicOrderCntCycle is derived as follows:

expectedDeltaPerPicOrderCntCycle = 0
for(i=0; i <num_ref frames in pic_order cnt cycle; i++)
expectedDeltaPerPicOrderCntCycle += offset for ref frame[ i | (8-9)

The variable expectedPicOrderCnt is derived as follows:

if( absFrameNum > 0 ){
expectedPicOrderCnt = picOrderCntCycleCnt * expectedDeltaPerPicOrderCntCycle
for( 1= 0; i <= frameNumInPicOrderCntCycle; i++ )
expectedPicOrderCnt = expectedPicOrderCnt +0ffset for ref frame[ i ]

} else
expectedPicOrderCnt = 0
if(nal_ref idc == 0) (8-10)

expectedPicOrderCnt = expectedPicOrderCnt + offset for non ref pic

The variables TopFieldOrderCnt or BotteniFieldOrderCnt are derived as follows:

if( !field pic flag) {

TopFieldOrderCnt = expeetedPicOrderCnt + delta_pic_order cnt[ O ]

BottomFieldOrderCnt /= FopFieldOrderCnt +

offset for top to bottom field + delta pic_order cnt[ 1 ] (8-11)

} else if( !bottom_field\flag )

TopFieldOrdetCnt = expectedPicOrderCnt + delta_pic_order cnt[ O ]
else

BottomFieldOrderCnt = expectedPicOrderCnt + offset _for top to bottom field + delta_pic_order cnt[ O ]

Let prevFrameNum be equal to the frame num of the previous picture in decoding order.

When the current picture is not an IDR picture, the variable prevFrameNumOffset is derived as follows.

If the previous picture in decoding order included a memory management control operation equal to 5,
prevFrameNumOffset is set equal to 0.

Otherwise (the previous picture in decoding order did not include a memory management_control operation equal
to 5), prevFrameNumOffset is set equal to the value of FrameNumOffset of the previous picture in decoding order.

NOTE — When gaps_in_frame num value allowed flag is equal to 1, the previous picture in decoding order may be a "non-
existing" frame inferred by the decoding process for gaps in frame num specified in subclause 8.2.5.2.
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The variable FrameNumOffset is derived as follows.

if( nal_unit_type == 5)
FrameNumOffset = 0

else if( prevFrameNum > frame num ) (8-12)
FrameNumOffset = prevFrameNumOffset + MaxFrameNum
else
FrameNumOffset = prevFrameNumOffset
The variable tempPicOrderCnt is derived as follows:
lf( nal nnaf_fypp ==35 )
tenmpPicOrderCnt = 0
else if({nal ref idc == 0) (8-13)
tempPicOrderCnt = 2 * ( FrameNumOffset + frame num ) — 1
else
tempPicOrderCnt = 2 * ( FrameNumOffset + frame num )
The variables|TopFieldOrderCnt or BottomFieldOrderCnt are derived as follows:
if( !field pic_flag) {
TopFieldOrderCnt = tempPicOrderCnt
BoftomFieldOrderCnt = tempPicOrderCnt (8-14)

} else
Bo

else
To

NOTE - Pj
would resu
having the

NOTE —Pig
8.2.2  Decq
Inputs to this
Output of this

This process i
NOTE - TH

When num_slice_groups_minusd ‘is‘equal to 1 and slice_group _map_type is equal to 3, 4, or 5, slice groups 0 and 1

f( bottom_field flag)
tomFieldOrderCnt = tempPicOrderCnt

bFieldOrderCnt = tempPicOrderCnt

Cture order count type 2 cannot be used in a coded video seguience that contains consecutive non-reference pictur
t in more than one of these pictures having the same value of TopFieldOrderCnt or more than one of these p
ame value of BottomFieldOrderCnt.

ture order count type 2 results in an output order that\is the same as the decoding order.

ding process for macroblock to slice group map
process are the active picture parameter set and the slice header of the slice to be decoded.
process is a macroblock to slice-group map MbToSliceGroupMap.

5 invoked at the start of every.slice.
e output of this process is ‘equal for all slices of a picture.

bs that
ctures

have
auses

a size and shppe determined,by-slice group change direction flag as shown in Table 8-1 and specified in subcl
8.2.2.4-8.2.2.¢.
Table 8-1 — Refined slice group map type
sli¢e‘group_map_type slice_group_change_direction_flag | refined slice group map type
3 0 Box-out clockwise
3 1 Box-out counter-clockwise
4 0 Raster scan
4 1 Reverse raster scan
5 0 Wipe right
5 1 Wipe left

In such a case, MapUnitsInSliceGroupO slice group map units in the specified growth order are allocated for slice group
0 and the remaining PicSizeInMapUnits — MapUnitsInSliceGroup0 slice group map units of the picture are allocated for

slice group 1.

88
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When num_slice_groups minusl is equal to1 and slice group map type is equal to4 or 5,
sizeOfUpperLeftGroup is defined as follows:

sizeOfUpperLeftGroup = ( slice_group change direction_flag ?

the variable

( PicSizeInMapUnits — MapUnitsInSliceGroup0 ) : MapUnitsInSliceGroup0 ) (8-15)

The variable mapUnitToSliceGroupMap is derived as follows.

- If num_slice groups minusl is equal to 0, the map unit to slice group map is generated for all i ranging from O to

PicSizeInMapUnits — 1, inclusive, as specified by:

mapUnitToSliceGroupMap[i] =0

(8-16)

- therwise (num_slice groups_minusl is not equal to 0), mapUnitToSliceGroupMap is derived as ollo

— If slice group map type is equal to 0, the derivation of mapUnitToSliceGroupMap as
subclause 8.2.2.1 applies.

—  Otherwise, if slice group map type is equal to 1, the derivation of mapUnitToSlice
specified in subclause 8.2.2.2 applies.

—  Otherwise, if slice_group map type is equal to2, the derivationn\of mapUnitToSlice
specified in subclause 8.2.2.3 applies.

—  Otherwise, if slice group map type is equal to 3, the derivation of mapUnitToSlice
specified in subclause 8.2.2.4 applies.

—  Otherwise, if slice_group map type is equal to 4, the~derivation of mapUnitToSlice
specified in subclause 8.2.2.5 applies.

—  Otherwise, if slice_group map type is equal/te'S, the derivation of mapUnitToSlice
specified in subclause 8.2.2.6 applies.

—  Otherwise (slice_group_map_type is equal t0\6), the derivation of mapUnitToSliceGroupM3
in subclause 8.2.2.7 applies.

After| derivation of the mapUnitToSliceGroupMap;ithe process specified in subclause 8.2.2.8 is invoked
map pnit to slice group map mapUnitToSliceGroupMap to the macroblock to slice group map MbToSI
After|derivation of the macroblock to slice group map as specified in subclause 8.2.2.8, the function NextM
is defined as the value of the variable nextMbAddress derived as specified by:

i=n+1
while( i < PicSizeInMbs && *MbToSliceGroupMap[ i ] != MbToSliceGroupMap[ n ] )
I++;

nextMbAddress = i

8.2.2]1 Specification.for interleaved slice group map type
The gpecification$iin-this subclause apply when slice_group map_type is equal to 0.

The thap unitto-slice group map is generated as specified by:

iZ0

IWS.

specified in
GroupMap  as
sroupMap  as
sroupMap  as
GroupMap  as
GroupMap  as
p as specified

to convert the
ceGroupMap.
bAddress( n)

(8-17)

d

for( iGroup = 0; iGroup <= num_slice_groups_minusl && i < PicSizeInMapUnits;
i+=run_length minusl[ iGroup++]+1)
for(j =0;j <=run_length minusl[ iGroup ] && i+ j < PicSizeInMapUnits; j++ )
mapUnitToSliceGroupMap][ i +j ] = iGroup
while( i < PicSizeInMapUnits )

8.2.2.2 Specification for dispersed slice group map type
The specifications in this subclause apply when slice_group map_type is equal to 1.

The map unit to slice group map is generated as specified by:
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for( i = 0; i <PicSizeInMapUnits; i++ )

ma

pUnitToSliceGroupMap[ i] = ( (1 % PicWidthInMbs ) +
(((1/PicWidthInMbs ) * ( num_slice groups minusl +1))/2))

% (num_slice_groups minusl + 1) (8-19)

8.2.2.3 Specification for foreground with left-over slice group map type

The specifications in this subclause apply when slice _group map_type is equal to 2.

The map unit

to slice group map is generated as specified by:

for( i = 0; i <PicSizeInMapUnits; i++ )

mapUnitToSticeGroupVap( 1 | = mum _sIice_groups minust

for( 1
yT
xT
yB
xB
for

}

After application of the process specified in Equation 8-20, there shall be-at/least one value of i from
PicSizeInMagUnits — 1, inclusive, for which mapUnitToSliceGroupMap] i | is €qual to iGroup for each value of i
from 0 to nunm_slice groups_minusl, inclusive (i.e., each slice group shall contain at least one slice group map unit

oup = num_slice _groups minusl — 1; iGroup >= 0; iGroup-- ) {
pLeft = top_left[ iGroup ]/ PicWidthInMbs
pLeft = top_left[ iGroup ] % PicWidthInMbs
bttomRight = bottom_right[ iGroup ] / PicWidthInMbs
bttomRight = bottom_right[ iGroup ] % PicWidthInMbs
y = yTopLeft; y <= yBottomRight; y++)
for( x = xTopLeft; x <= xBottomRight; x++ )
mapUnitToSliceGroupMap[ y * PicWidthInMbs + x ] = iGroup (

-20)

0 to
iroup

NOTE - The rectangles may overlap. Slice group 0 contains the macroblocks.that are within the rectangle specified by top 1¢ft[ 0 ]
and botton] right[ 0 ]. A slice group having slice group ID greater than 0,and less than num_slice groups minusl contains the

macroblock
group havi

macroblocHfs that are not in the other slice groups.

8.2.2.4 Spe
The specifica

The map unit

hg a smaller slice group ID. The slice group with slice group ID equal to num_slice groups minusl contai

cification for box-out slice group map types
ions in this subclause apply when slice gtoup map_type is equal to 3.

to slice group map is generated as speeified by:

s that are within the specified rectangle for that slice group that are not within the rectangle specified for any slice

hs the

21)

for( i 0; i <PicSizelInMapUnits; i++ ()
mapUnitToSliceGroupMap][ i =1
x = ( PicWidthInMbs — slice_group change direction flag ) /2
y = ( PicHeightinMapUnits <«slice_group change direction flag) /2
( leftBpund, topBound ) =(x, y)
( rightBound, bottomBound ) = (x,y)
( xDir,[yDir ) = ( slice~group change direction_flag — 1, slice_group change direction_ flag)
for( k ¥ 0; k < MapUnitsInSliceGroup0; k += mapUnitVacant ) {
mapUnitVaeant = ( mapUnitToSliceGroupMap[ y * PicWidthinMbs +x] == 1)
if( mapUnitVacant )
mapUnitToSliceGroupMap[ y * PicWidthInMbs + x ] =0 (
lf( Du — —&&——— 1\,ftBUuud ) {

leftBound = Max( leftBound — 1, 0)
x = leftBound
( xDir, yDir ) =( 0, 2 * slice_group change direction_flag— 1)

}else if( xDir == 1 && x == rightBound ) {

rightBound = Min( rightBound + 1, PicWidthInMbs — 1 )
x = rightBound
( xDir, yDir ) =( 0, 1 —2 * slice_group_change direction flag )

} else if( yDir == -1 && y == topBound ) {

topBound = Max( topBound — 1, 0)
y = topBound
( xDir, yDir ) =( 1 —2 * slice_group change direction_flag, 0)

}else if( yDir == 1 && y == bottomBound ) {

90

bottomBound = Min( bottomBound + 1, PicHeightInMapUnits — 1)
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y = bottomBound

( xDir, yDir ) = (2 * slice_group change direction flag—1,0)
} else

(x,y)=(x+xDir, y+ yDir)

8.2.2.5 Specification for raster scan slice group map types

The specifications in this subclause apply when slice _group map_type is equal to 4.

The map unit to slice group map is generated as specified by:

8.2.2
The
The 1

8.2.2
The
The 1

for alll i ranging from 0 to PicSizelnMMapUnits — 1, inclusive.

8.2.2

Tor 1= 071 < PicSizemMapUmits; i+ )
if( 1 < sizeOfUpperLeftGroup )
mapUnitToSliceGroupMap| i ] = slice_group change direction_flag
else
mapUnitToSliceGroupMap[ i ] = 1 —slice_group change direction flag
6 Specification for wipe slice group map types
pecifications in this subclause apply when slice_group map_type is equal to 5.
hap unit to slice group map is generated as specified by:
k=0;
for( j = 0; j < PicWidthInMbs; j++)
for( i =0; i <PicHeightInMapUnits; i++ )
if( k++ < sizeOfUpperLeftGroup )

mapUnitToSliceGroupMap[ i * PicWidthInMbs * j ] = slice_group change direction flag
else

7 Specification for explicit slice group map.type
pecifications in this subclause apply when-slice group map type is equal to 6.

hap unit to slice group map is generated as specified by:

mapUnitToSliceGroupMap|i:} = slice_group id[ i ]

8 Specification for\conversion of map unit to slice group map to macroblock to slice group majp

mapUnitToSliceGroupMap[ i * PicWidthinMbs + j ] = 1 —slice_group change direction |flag

(8-22)

(8-23)

(8-24)

For dach value of i ranging from 0 to PicSizeInMbs — 1, inclusive, the macroblock to slice group map {s specified as

folloyvs.
f frame_mbs' only flag is equal to 1 or field pic flag is equal to 1, the macroblock to slice group mgp is specified

Dy

MbToSliceGroupMap| i ] = mapUnitToSliceGroupMap| i ]

Otherwise, if MbaffFrameFlag is equal to 1, the macroblock to slice group map is specified by:

MbToSliceGroupMap| i | = mapUnitToSliceGroupMap[i/2 ]

(8-25)

(8-26)

Otherwise (frame_mbs_only flag is equal to 0 and mb_adaptive frame field flag is equal to 0 and field pic flag is

equal to 0), the macroblock to slice group map is specified by:

MbToSliceGroupMap| i | = mapUnitToSliceGroupMap|[ (i/( 2 * PicWidthInMbs ) ) * PicWidthInMbs

+ (1% PicWidthInMbs ) ]

© ISO/IEC 2004 — All rights reserved
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8.2.3

Decoding process for slice data partitioning

Inputs to this process are

a slice data partition A layer RBSP,

slice_id as in the slice data partition A layer RBSP, and

slice_id as in the slice data partition A layer RBSP.
NOTE — The slice data partition B layer RBSP and slice data partition C layer RBSP need not be present.

Output of this

process is a coded slice.

when syntax elements of category 3 are present in the slice data, a slice data partition B layer RBSP having the same

when syntax elements of category 4 are present in the slice data, a slice data partition C layer RBSP having the same

When slice d
contains a sli
and 4 (see cat|

When slice d4
separate NAL
B, when pres
present, conta

When slice d
need not be p
partitions of 4
extracting ead
data partition
NOTE - Sy
of category|
elements rg
partition A
data partiti
element tha

8.2.4 Decq

This process i

Outputs of th
list RefPicLis

Decoded refe
by the bitstre
frame num. |
and specified

Subclause 8.2

the assign|
and

hta partitioning is not used, coded slices are represented by a slice layer without partitioning RBS]
e header followed by a slice data syntax structure that contains all the syntax elements of cateégories
bgory column in subclause 7.3) of the macroblock data for the macroblocks of the slice.

ta partitioning is used, the macroblock data of a slice is partitioned into one to three partitions contaif
units. Partition A contains a slice data partition A header, and all syntax elements aficategory 2. Pat
ent, contains a slice data partition B header and all syntax elements of category’3. Partition C,
ins a slice data partition C header and all syntax elements of category 4.

ita partitioning is used, the syntax elements of each category are parsed frem a separate NAL unit,
Fesent when no symbols of the respective category exist. The decoding.process shall process the slic
coded slice in a manner equivalent to processing a corresponding slice-layer without partitioning RB
h syntax element from the slice data partition in which the syntax“elément appears depending on thd
hassignment in the syntax tables in subclause 7.3.

htax elements of category 3 are relevant to the decoding of residual.data of I and SI macroblock types. Syntax eld
4 are relevant to the decoding of residual data of P and B magcreblock types. Category 2 encompasses all other

lated to the decoding of macroblocks, and their information is often denoted as header information. The slig
header contains all the syntax elements of the slice header, and additionally a slice id that are used to associate th
ns B and C with the slice data partition A. The slice ‘data partition B and C headers contain the slice id

t establishes their association with the slice data partition’ A of the slice.

ding process for reference picture lists construction
5 invoked at the beginning of decoding-ef each P, SP, or B slice.

s process are a reference picture list‘RefPicList0 and, when decoding a B slice, a second reference p|
1.

ence pictures are marked.as-"used for short-term reference" or "used for long-term reference" as spe
hm and specified in subelause 8.2.5. Short-term decoded reference pictures are identified by the va
Llong-term decoded feference pictures are assigned a long-term frame index as specified by the bits
in subclause 8.2.5,

4.1 is invoked\to specify

ment of ‘wariables FrameNum, FrameNumWrap, and PicNum to each of the short-term reference pid

P that
2,3,

ted in
tition
'when

which
b data
P by
slice

ments
byntax
e data
e slice
syntax

Icture

cified
ue of
fream

tures,

the assign|

ment’of variable LongTermPicNum to each of the long-term reference pictures.

Reference pictures are addressed through reference indices as specified in subclause 8.4.2.1. A reference index is an
index into a list of variables PicNum and LongTermPicNum, which is called a reference picture list. When decoding a P
or SP slice, there is a single reference picture list RefPicList0. When decoding a B slice, there is a second independent
reference picture list RefPicListl in addition to RefPicList0.

At the beginning of decoding of each slice, reference picture list RefPicList0, and for B slices RefPicListl, are derived as
follows.

An initial reference picture list RefPicList0 and for B slices RefPicListl are derived as specified in subclause 8.2.4.2.

The initial reference picture list RefPicList0 and for B slices RefPicListl are modified as specified in subclause
8.2.4.3.
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The number of entries in the modified reference picture list RefPicList0 is num_ref idx 10 active minusl + 1, and for B
slices the number of entries in the modified reference picture list RefPicList] is num_ref idx 11 active minusl + 1. A
reference picture may appear at more than one index in the modified reference picture lists RefPicList0 or RefPicListl.

8.2.4.1 Decoding process for picture numbers

This process is invoked when the decoding process for reference picture lists construction specified in subclause 8.2.4 or
the decoded reference picture marking process specified in subclause 8.2.5 is invoked.

The variables FrameNum, FrameNumWrap, PicNum, LongTermFrameldx, and LongTermPicNum are used for the
initialisation process for reference picture lists in subclause 8.2.4.2, the modification process for reference picture lists in
subclause 8.2.4.3, and for the decoded reference picture marking process in subclause 8.2.5.

To epch short-term reference picture the variables FrameNum and FrameNumWrap are assigned as
FrampNum is set equal to the syntax element frame num that has been decoded in the slige\ hed
correpponding short-term reference picture. Then the variable FrameNumWrap is derived as

wher¢ the value of frame num used in Equation 8-28 is the frame num in the sli¢e header(s) for the current
To eqch long-term reference picture the variable LongTermFrameldx is agsigned as specified in subclause §

To ed

if( FrameNum > frame num )

FrameNumWrap = FrameNum — MaxFrameNum
else

FrameNumWrap = FrameNum

Iff field pic_flag is equal to 0, the following applies.

4 For each short-term reference frame or complementary reference field pair:

PicNum = FrameNumWrap

For each long-term reference frame or.long-term complementary reference field pair:

LongTermPicNum = LongTermFrameldx

8.2.4.2,8.2.4.3, and-8.2°5.
therwise (field picAlag is equal to 1), the following applies.
4 For each short-term reference field the following applies.

- Ifghereference field has the same parity as the current field

RieNum = 2 * FrameNumWrap + 1

follows. First,
der(s) of the

(8-28)

picture.
2.5.

ch short-term reference picture a variable PicNum is assigned, and' to each long-term reference picture a variable
LonglermPicNum is assigned. The values of these variables depend on the value of field pic flag and botf]
for the current picture and they are set as follows.

pm_field flag

(8-29)

(8-30)

NOTE — When decoding a frame the value of MbaffFrameFlag has no influence on the derivations in subclauses

(8-31)

< Otherwise (the reference field has the opposite parity of the current field),

PicNum = 2 * FrameNumWTrap

- For each long-term reference field the following applies.

- Ifthe reference field has the same parity as the current field

LongTermPicNum = 2 * LongTermFrameldx + 1

- Otherwise (the reference field has the opposite parity of the current field),

LongTermPicNum = 2 * LongTermFrameldx
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8.2.4.2 Initialisation process for reference picture lists

This initialisation process is invoked when decoding a P, SP, or B slice header.

Outputs of this process are initial reference picture list RefPicList0, and when decoding a B slice, initial reference picture
list RefPicListl.

RefPicList0 and RefPicList] have initial entries of the variables PicNum and LongTermPicNum as specified in
subclauses 8.2.4.2.1 through 8.2.4.2.5.

When the number of entries in the initial RefPicList0 or RefPicListl produced as specified in subclauses 8.2.4.2.1
through 8.2.4.2.5 is greater than num_ref idx 10 active minusl + 1 or num_ref idx 11 active minusl + 1, respectively,
the extra entries past position num ref idx 10 active minusl or num ref idx 11 active minusl are discarded from the

initial referen

When the nul
through 8.2.4
the remaining

8.2.4.2.1 Init|
This initialisa
Output of this

When this pr
currently mar

The referency
reference fiel
pairs.

The short-ter|
complementa
complementa

The long-terin reference frames and complementary reference field pairs are ordered starting with the frai

complementa
frame or com

NOTE -
MbaffFram|

For example,
and 303 and t
the initial ind

be picture list.

nber of entries in the initial RefPicList0 or RefPicListl produced as specified in subclauses; 8.2,

entries in the initial reference picture list are set equal to "no reference picture".

alisation process for the reference picture list for P and SP slices in frames
ion process is invoked when decoding a P or SP slice in a coded frame.

process is the initial reference picture list RefPicList0.

ked as "used for short-term reference" or "used for long-term reference!".

picture list RefPicList0 is ordered so that short-term referemce frames and short-term complemsg
 pairs have lower indices than long-term reference frames{and long-term complementary reference

In reference frames and complementary reference Jfield pairs are ordered starting with the frany

y field pair with the lowest PicNum value.

y field pair with the lowest LongTermPicNum value and proceeding through in ascending order
blementary field pair with the highest LongTermPicNum value.

\ non-paired reference field is not, used for inter prediction for decoding a frame, regardless of the val
cFlag.

when three reference frames. are marked as "used for short-term reference" with PicNum equal to 300,
o reference frames areymarked as "used for long-term reference" with LongTermPicNum equal to 0
x order is:

4.2.1

2.5 is less than num ref idx 10 active minusl + 1 or num ref idx 11 active minusl +.1, respectjvely,

cess is invoked, there shall be at least one reference frame or complementary reference field pair that is

ntary
field

nc or

y field pair with the highest PicNum value and proceeding through in descending order to the frame or

he or
o the

ue of

302,
nd 3,

- RefPicLi$t0[0] is set equal to/the short-term reference picture with PicNum = 303,
- RefPicLi$tO[1] is set€qual to the short-term reference picture with PicNum = 302,
- RefPicLi$t0[2] is-s¢t’equal to the short-term reference picture with PicNum = 300,
- RefPicLi$t0[3]1S set equal to the long-term reference picture with LongTermPicNum = 0, and

RefPicListO[41s set equal to the Tong-term reference picture with LongTermPicNum = 3.

8.2.4.2.2 Initialisation process for the reference picture list for P and SP slices in fields
This initialisation process is invoked when decoding a P or SP slice in a coded field.
Output of this process is initial reference picture list RefPicList0.

When decoding a field, each field included in the reference picture list has a separate index in the list.

NOTE - When decoding a field, there are effectively at least twice as many pictures available for referencing as there would be
when decoding a frame at the same position in decoding order.

Two ordered lists of reference frames, refFrameListOShortTerm and refFrameListOLongTerm, are derived as follows.
For purposes of the formation of this list of frames, decoded frames, complementary reference field pairs, non-paired
reference fields and reference frames in which a single field is marked "used for short-term reference" or "used for long-
term reference" are all considered reference frames.
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The FrameNumWrap of all frames having one or more fields marked "used for short-term reference" are included in
the list of short-term reference frames refFrameListOShortTerm. When the current field is the second field (in
decoding order) of a complementary reference field pair and the first field is marked as "used for short-term
reference", the FrameNumWrap of the first field is included in the list refFrameListOShortTerm.
refFrameListOShortTerm is ordered starting with the frame with the highest FrameNumWrap value and proceeding
through in descending order to the frame with the lowest FrameNumWrap value.

The LongTermFrameldx of all frames having one or more fields marked "used for long-term reference" are included
in the list of long-term reference frames refFrameListOLongTerm. When the current field is the second field (in
decoding order) of a complementary reference field pair and the first field is marked as "used for long-term
reference", the LongTermFrameldx of the first field is included in the list refFrameListOLongTerm.
refFramel istOl.ongTerm is ordered starting with the frame with the lowest [.ongTermFrameldx value and proceeding
through in ascending order to the frame with the highest LongTermFrameldx value.

The grocess specified in subclause 8.2.4.2.5 is invoked with refFrameListOShortTerm and refFrameListOLongTerm given

as input and the output is assigned to RefPicList0.
8.2.4]2.3 Initialisation process for reference picture lists for B slices in frames
This |nitialisation process is invoked when decoding a B slice in a coded frame.

Outpfits of this process are the initial reference picture lists RefPicList0 and RefPieListl.

Wher this process is invoked, there shall be at least one reference frame oreSmiplementary reference fidld pair that is

curreptly marked as "used for short-term reference" or "used for long-term reference".

For B slices, the order of short-term reference pictures in the reference, picture lists RefPicList0 and RefPiqList1 depends
on oytput order, as given by PicOrderCnt( ). When pic_order cnt_type is equal to 0, reference pictures that are marked

as "npn-existing" as specified in subclause 8.2.5.2 are not includeddn either RefPicList0 or RefPicListl.

NPTE — When gaps_in_frame num_value allowed flag is eqdal t0 1, encoders should use reference picture lift reordering to
erfsure proper operation of the decoding process (particularly<when pic_order cnt type is equal to 0, in which case| PicOrderCnt( )
snot inferred for "non-existing" frames).

—-

The teference picture list RefPicList0 is ordered suel“that short-term reference frames and short-term cpmplementary
refergnce field pairs have lower indices than long-term reference frames and long-term complementary feference field

pairs] It is ordered as follows.

Short-term reference frames and short-terim complementary reference field pairs are ordered starting with the short-
term reference frame or complementary reference field pair frm0 with the largest value of PicOrderCht( frm0 ) less
thian the value of PicOrderCnt( CurtPic ) and proceeding through in descending order to the short-tprm reference
frame or complementary refercnce field pair frml that has the smallest value of PicOrderCnt( frm1 ), and then
c@ntinuing with the short-term Teference frame or complementary reference field pair frm2 with the smallest value of
P1cOrderCnt( frm2 ) greatér than the value of PicOrderCnt( CurrPic ) of the current frame and proceeding through in
agcending order to the short-term reference frame or complementary reference field pair frm3 that Has the largest
value of PicOrderCnt( frm3 ).

The long-ternt reference frames and long-term complementary reference field pairs are ordered starting [with the long-
teym referénce frame or complementary reference field pair that has the lowest LongTermPicNum value and
proceeding>through in ascending order to the long-term reference frame or complementary reference [field pair that
hgs the-highest LongTermPicNum value.

The teference pi\,tulc st RefPicbtstt—ts—ordered—so—thatshort=termrreference—frames—and—short=ternro mplementary
reference field pairs have lower indices than long-term reference frames and long-term complementary reference field
pairs. It is ordered as follows.

Short-term reference frames and short-term complementary reference field pairs are ordered starting with the short-
term reference frame or complementary reference field pair frm4 with the smallest value of PicOrderCnt( frm4 )
greater than the value of PicOrderCnt( CurrPic ) of the current frame and proceeding through in ascending order to
the short-term reference frame or complementary reference field pair frm5 that has the largest value of
PicOrderCnt( frmS5 ), and then continuing with the short-term reference frame or complementary reference field pair
frm6 with the largest value of PicOrderCnt( frm6 ) less than the value of PicOrderCnt( CurrPic ) of the current frame
and proceeding through in descending order to the short-term reference frame or complementary reference field pair
frm7 that has the smallest value of PicOrderCnt( frm7 ).
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Long-term reference frames and long-term complementary reference field pairs are ordered starting with the long-
term reference frame or complementary reference field pair that has the lowest LongTermPicNum value and
proceeding through in ascending order to the long-term reference frame or complementary reference field pair that
has the highest LongTermPicNum value.

When the reference picture list RefPicList] has more than one entry and RefPicListl is identical to the reference
picture list RefPicList0, the first two entries RefPicList1[0] and RefPicList1[1] are switched.

NOTE — A non-paired reference field is not used for inter prediction of frames independent of the value of MbaffFrameFlag.

8.2.4.2.4 Initialisation process for reference picture lists for B slices in fields

This initialisation process is invoked when decoding a B slice in a coded field.

Outputs of this process are the initial reference picture lists RefPicList0 and RefPicListl.

When decodipg a field, each field of a stored reference frame is identified as a separate reference picture with a unique
index. The onder of short-term reference pictures in the reference picture lists RefPicList0 and RefPickist! depend on
output order, jas given by PicOrderCnt( ). When pic_order cnt type is equal to 0, reference pictures that are marked as

"non-existing| as specified in subclause 8.2.5.2 are not included in either RefPicList0 or RefPicListl:

NOTE — When gaps_in_frame num_value allowed flag is equal to 1, encoders should use referenceypicture list reordeting to
ensure progler operation of the decoding process (particularly when pic_order cnt type is equal to 0y in"which case PicOrdeCnt( )
is not inferfed for "non-existing" frames).

NOTE — When decoding a field, there are effectively at least twice as many pictures available for referencing as there wopld be
when decoding a frame at the same position in decoding order.

Three ordered lists of reference frames, refFrameListOShortTerm, refFrameListlShortTerm and refFrameListLongerm,
are derived ap follows. For purposes of the formation of these lists of frames the term reference entry refers jn the
following to |[decoded reference frames, complementary reference field/pairs, or non-paired reference fields. When
pic_order_cnf type is equal to 0, the term reference entry does not refef to frames that are marked as "non-existirlg" as

specified in sybclause 8.2.5.2.

refFramel}istOShortTerm is ordered starting with the reference)éntry fO with the largest value of PicOrderCnf( f0 )
less than ¢r equal to the value of PicOrderCnt( CurrPic ) of,the current field and proceeding through in descepding
order to the short-term reference entry fl that has the smallest value of PicOrderCnt( f1 ), and then continuing with
the refererjce entry f2 with the smallest value of PicOrderCnt( f2 ) greater than the value of PicOrderCnt( CurrPic ) of
the curren field and proceeding through in ascending order to the short-term reference entry f3 that has the lgrgest
value of PjcOrderCnt( f3 ).

NOTE - When the current field follows in decoding order a coded field fldPrev with which together it foyms a

compllementary reference field pair, fldPrév is included into the list refFrameListOShortTerm using PicOrderCnt( fldPrev )
and the ordering method described in-th¢ previous sentence is applied.

refFramel}ist] ShortTerm is ordered starting with the reference entry f4 with the smallest value of PicOrderCn}( f4 )
greater thgn the value of PicOrder€nt( CurrPic ) of the current field and proceeding through in ascending order o the
short-term| reference entry f5 that has the largest value of PicOrderCnt( {5 ), and then continuing with the refgrence
entry f6 With the largest value of PicOrderCnt( f6 ) less than or equal to the value of PicOrderCnt( CurrPic ) ¢f the
current figld and proceeding through in descending order to the short-term reference entry f7 that has the snfallest
value of PjcOrderCnt(\f7 ).
NOTE - Whenr the current field follows in decoding order a coded field fldPrev with which together it fopms a
compllementary reference field pair, fldPrev is included into the list refFrameList] ShortTerm using PicOrderCnt( fldPrev )
and the.ofdering method described in the previous sentence is applied.

refFrameListLongTerm is ordered starting with the reference entry having the lowest LongTermFrameldx value and
proceeding through in ascending order to the reference entry having highest LongTermFrameldx value.
NOTE - When the complementary field of the current picture is marked "used for long-term reference" it is included into the list

refFrameListLongTerm. A reference entry in which only one field is marked as “used for long-term reference” is included into the
list refFrameListLongTerm.

The process specified in subclause 8.2.4.2.5 is invoked with refFrameListOShortTerm and refFrameListLongTerm given
as input and the output is assigned to RefPicList0.

The process specified in subclause 8.2.4.2.5 is invoked with refFrameList] ShortTerm and refFrameListLongTerm given
as input and the output is assigned to RefPicListl.

When the reference picture list RefPicList] has more than one entry and RefPicListl is identical to the reference picture
list RefPicList0, the first two entries RefPicList1[0] and RefPicList1[1] are switched.
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Inputs of this process are the reference frame lists refFrameListXShortTerm (with X may be 0 or 1) and
refFrameListLongTerm.

Output of this process is reference picture list RefPicListX (which may be RefPicList0 or RefPicListl).

The reference picture list RefPicListX is a list ordered such that short-term reference fields have lower indices than long-
term reference fields. Given the reference frame lists refFrameListXShortTerm and refFrameListLongTerm, it is derived

as fol

lows.

Short-term reference fields are ordered by selecting reference fields from the ordered list of frames

refFrameListXShortTerm by alternating between fields of differing parity, starting with a field that has the same

p
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Inputj
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Wher ref pic_list reordering flag 10 is equal to 1, the following applies.

!

rity as the current field (when present). When one field of a reference frame was not decoded or s
sed for short-term reference”, the missing field is ignored and instead the next available stored reféren
osen parity from the ordered list of frames refFrameListXShortTerm is inserted into RefPicEistX. W

more short-term reference fields of the alternate parity in the ordered list of frames refFrameListXS
xt not yet indexed fields of the available parity are inserted into RefPicListX in the order in which the
dered list of frames refFrameListXShortTerm.

bng-term reference fields are ordered by selecting reference fields from” the ordered li
fFrameListLongTerm by alternating between fields of differing parity, starting with a field that has t}
the current field (when present). When one field of a reference frame was'net decoded or is not mg
r long-term reference”, the missing field is ignored and instead the next’available stored referend
osen parity from the ordered list of frames refFrameListLongTerm is\inserted into RefPicListX. Whe
ore long-term reference fields of the alternate parity in the ordered list of frames refFrameListLong]
t yet indexed fields of the available parity are inserted into RefPicListX in the order in which the
dered list of frames refFrameListLongTerm.

3 Reordering process for reference picture lists

to this process is reference picture list RefPicList0 ‘and, when decoding a B slice, also referen
cListl.

its of this process are a possibly modified reference picture list RefPicList0 and, when decoding a 1
bly modified reference picture list RefPickastl.

pt refldxL0 be an index into the reference picture list RefPicList0. It is initially set equal to 0.

he corresponding syntax élemients reordering of pic nums idc are processed in the order they
tstream. For each of these 'syntax elements, the following applies.
If reordering of pic)hums_idc is equal to 0 or equal to 1, the process specified in subclause 8.2.4.

Otherwiseyifireordering of pic nums idc is equal to 2, the process specified in subclause 8.2.4.]

RetPicList0 is finished.

with RefPicListQ and refldxLO0 given as input, and the output is assigned to RefPicList0 and refldxL{.

with RefPicList0 and refldxLO0 given as input, and the output is assigned to RefPicList0 and refldxL{.

Otlierwise (reordering of pic nums idc is equal to3), the reordering process for referencg

hot marked as
ce field of the
hen there are
hortTerm, the
y occur in the

t of frames
le same parity
rked as “used
e field of the
n there are no
'erm, the next
occur in the

e picture list

B slice, also a

occur in the

8.1 is invoked

.2 is invoked

picture list

When ref pic_list reordering flag 11 is equal to 1, the following applies.

Let refldxL1 be an index into the reference picture list RefPicListl. It is initially set equal to 0.

bitstream. For each of these syntax elements, the following applies.

The corresponding syntax elements reordering of pic_nums idc are processed in the order they occur in the

If reordering_of pic nums_idc is equal to 0 or equal to 1, the process specified in subclause 8.2.4.3.1 is invoked
with RefPicListl and refldxL1 given as input, and the output is assigned to RefPicListl and refldxL1.

Otherwise, if reordering of pic nums idc is equal to 2, the process specified in subclause 8.2.4.3.2 is invoked
with RefPicList] and refldxL1 given as input, and the output is assigned to RefPicList1 and refldxL1.

Otherwise (reordering of pic nums idc is equal to3), the reordering process for reference picture list

RefPicListl is finished.
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8.2.4.3.1 Reordering process of reference picture lists for short-term pictures

Inputs to this process are reference picture list RefPicListX (with X being 0 or 1) and an index refldxLX into this list.
Outputs of this process are a possibly modified reference picture list RefPicListX and the incremented index refldxLX.
The variable picNumLXNoWrap is derived as follows.

- Ifreordering of pic nums idc is equal to 0

if( picNumLXPred — (abs_diff pic num minusl +1)<0)
picNumLXNoWrap = picNumLXPred — ( abs_diff pic num minusl + 1 ) + MaxPicNum (8-35)
else

plcNumLXNoWrap = picNumLXPred — (‘abs_ditf pic_ num minusl + 1)

- Otherwise|(reordering_of pic nums_idc is equal to 1),

if( piclNumLXPred + (‘abs_diff pic num minusl + 1) >= MaxPicNum )
picNumLXNoWrap = picNumLXPred + ( abs_diff pic num minusl + 1 ) — MaxPicNuin (8-36)
else
plcNumLXNoWrap = picNumLXPred + ( abs_diff pic num minusl + 1)

picNumLXPrgd is the prediction value for the variable picNumLXNoWrap. When the pfocess specified in this subg¢lause
is invoked thg first time for a slice (that is, for the first occurrence of reordering_of_pie.,"nhums_idc equal to 0 or 1 |n the
ref pic list reordering( ) syntax), picNumLOPred and picNumL1Pred are initially set equal to CurrPicNum. Aftey each
assignment of picNumLXNoWTrap, the value of picNumLXNoWrap is assigned to,picNumLXPred.

The variable picNumLX is derived as follows

if( piclNumLXNoWrap > CurrPicNum )
plcNumLX = picNumLXNoWrap — MaxPicNum (8-37)
else
plcNumLX = picNumLXNoWrap

picNumLX sHall be equal to the PicNum of a reference picture that is marked as “used for short-term reference” and shall
not be equal tp the PicNum of a short-term reference picture that is marked as "non-existing".

The following procedure shall be conducted to*place the picture with short-term picture number picNumLX info the
index position) refldxLX, shift the position of.any other remaining pictures to later in the list, and increment the value of
refldxLX.

for( clflx = num_ref idx IX a¢tive minusl + 1; cldx > refldxLX; cldx--)
RefPicListX[ cldx ] = RefRicListX][ cldx — 1]
RefPidListX[ refldxLX++ |= short-term reference picture with PicNum equal to picNumLX
nldx =[refldxLX
for( clglx = refldxl¢X; eldx <= num _ref idx IX active minusl + 1; cldx++) (8-38)
if( PicNumF( RefPicListX[ cldx ] ) != picNumLX )
RefPicListX[ nldx++ ] = RefPicListX][ cldx ]

where the funftierf PicNumF( RefPicListX][ cIdx 1) is derived as follows:

—  If the picture RefPicListX[ cldx ] is marked as "used for short-term reference", PicNumF( RefPicListX[ cldx ]) is
the PicNum of the picture RefPicListX[ cldx ].

—  Otherwise (the picture RefPicListX[cldx] is not marked as "used for short-term reference"),
PicNumF( RefPicListX[ cldx ] ) is equal to MaxPicNum.
NOTE - A value of MaxPicNum can never be equal to picNumLX.

NOTE — Within this pseudo-code procedure, the length of the list RefPicListX is temporarily made one element longer than the
length needed for the final list. After the execution of this procedure, only elements 0 through num ref idx 1X active minusl of
the list need to be retained.

8.2.4.3.2 Reordering process of reference picture lists for long-term pictures
Inputs to this process are reference picture list RefPicListX (with X being 0 or 1) and an index refldxLX into this list.

Outputs of this process are a possibly modified reference picture list RefPicListX and the incremented index refldxLX.
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The following procedure shall be conducted to place the picture with long-term picture number long term pic_num into
the index position refldxLX, shift the position of any other remaining pictures to later in the list, and increment the value

of refldxLX.

for( cIdx = num_ref idx 1X active minusl + 1; cIdx > refldxLX; cldx--)
RefPicListX[ cldx ] = RefPicListX][ cldx — 1]

RefPicListX[ refldxLX++ ] = long-term reference picture with LongTermPicNum equal to long_term pic_num

nldx = refldxLLX
for( cldx = refldxLX; cldx <= num_ref idx IX active minusl + 1; cldx++)
if( LongTermPicNumF( RefPicListX][ cldx | ) !=long_term pic num )
RefPicListX[ nldx++ ] = RefPicListX][ cldx ]

(8-39)

wherg the function LongTermPicNumF( RefPicListX[ cldx ] ) is derived as follows:

f the  picture RefPicListX[ cldx ] is marked as "used  for long~term

Dtherwise  (the picture RefPicListX[cldx] is not marked as "used for
ongTermPicNumF( RefPicListX[ cIdx ] ) is equal to 2 * ( MaxLongTermFrameldx ).

NOTE — A value of 2 * ( MaxLongTermFrameldx + 1 ) can never be equal to long,tetrm pic_num.

long-term

DTE — Within this pseudo-code procedure, the length of the list RefPicListX is temporarily made one element
hgth needed for the final list. After the execution of this procedure, only elements,0‘thfough num_ref idx 1X a
e list need to be retained.
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Decoded reference picture marking process

process is invoked for decoded pictures when nal_ref idc is not equal to 0.

DTE — The decoding process for gaps in frame num that is specifiéd’in subclause 8.2.5.2 may also be invoked wj
equal to 0, as specified in clause 8.

oded picture with nal ref idc not equal to 0, referredto as a reference picture, is marked as “used
refergnce” or "used for long-term reference". For a decoded reference frame, both of its fields are markg
the fijfame. For a complementary reference field pair,.the pair is marked the same as both of its fields. A
markgd as "used for short-term reference" is identified by its FrameNum and, when it is a field, by its par|

that is marked as "used for long-term reference™is identified by its LongTermFrameldx and, when it is
parit
Framps or complementary field pairs matked as “used for short-term reference” or as "used for long-term

d as a reference for inter prediction when decoding a frame until the frame, the complementary field

LongTermPicNumF( RefPicListX[ cIdx ] ) is the LongTermPicNum of the picture RefPicListX['cldx |

”. A field marked as “used for short-term referencg”
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8.2.5.1 Sequence of operations for decoded reference picture marking process

Decoded reference picture marking proceeds in the following ordered steps.
1. All slices of the current picture are decoded.
2. Depending on whether the current picture is an IDR picture, the following applies.

If the current picture is an IDR picture, the following applies.

All reference pictures shall be marked as "unused for reference"

Depending on long_term reference flag, the following applies.
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If long term reference flag is equal to 0, the IDR picture shall be marked as "used for short-term
reference" and MaxLongTermFrameldx shall be set equal to “no long-term frame indices”.

Otherwise (long_term reference flag is equal to 1), the IDR picture shall be marked as "used for long-term
reference", the LongTermFrameldx for the IDR picture shall be set equal to0, and
MaxLongTermFrameldx shall be set equal to 0.

Otherwise (the current picture is not an IDR picture), the following applies.
If adaptive ref pic_marking mode flag is equal to 0, the process specified in subclause 8.2.5.3 is invoked.

Otherwise (adaptive ref pic_marking mode flag is equal to 1), the process specified in subclause 8.2.5.4 is

invoked.

3. When the]
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NOTE - Ti

current picture is not an IDR picture and it was not marked as "used for long-term referencg" by

hanagement control operation equal to 6, it is marked as "used for short-term reference".
the current decoded reference picture, the total number of frames with at least one field marked as [‘used
plus the number of complementary field pairs with at least one field marked as “used. for'reference’}, plus
non-paired fields marked as “used for reference” shall not be greater than Max( num_xef frames, 1).
oding process for gaps in frame_num
is invoked when frame num is not equal to PrevRefFrameNum and is not equal to

heNum + 1 ) % MaxFrameNum.

[though this process is specified as a subclause within subclause 8.2.5 (which.defines a process that is invoke
ef idc is not equal to 0), this process may also be invoked when nal_ref ideis’equal to O (as specified in clause 8).
the location of this subclause within the structure of this Recommendation, | International Standard are historical.

i only
The

his process can only be invoked for a conforming bitstream wherd, gaps in frame num value allowed flag is
gaps_in_frame num value allowed flag is equal to 0 and framie \num is not equal to PrevRefFrameNum and
revRefFrameNum + 1 ) % MaxFrameNum, the decoding procéss should infer an unintentional loss of pictures.

equal
is not

cess is invoked, a set of values of frame num pertaining to “non-existing” pictures is derived as all yalues

nusedShortTermFrameNum in Equation 7-10 exeept the value of frame num for the current picture.

process shall generate and mark a frame for,each of the values of frame num pertaining to “non-exifting”
e order in which the values of UnusedShortTermFrameNum are generated by Equation 7-10, using the
” picture marking process as specified in subclause 8.2.5.3. The generated frames shall also be marked as
and “used for short-term reference?.)The sample values of the generated frames may be set to any yalue.
ed frames which are marked as “non-existing” shall not be referred to in the inter prediction process shall
1 to in the reordering commands-for reference picture lists for short-term pictures (subclause 8.2.4.3.1)), and

ferred to in the assignment process of a LongTermFrameldx to a short-term picture (subclause 8.2.5.4]3).

ler cnt type is not equal to 0, TopFieldOrderCnt and BottomFieldOrderCnt are derived for each ¢f the
' frames by invoking the decoding process for picture order count in subclause 8.2.1. When invoking the
bclause 8.2.1 for.a particular "non-existing" frame, the current picture is considered to be a pjcture
ving frame num‘inferred to be equal to UnusedShortTermFrameNum, nal _ref idc inferred to be not|equal
init_type —Jififerred to be not equal to 5, field pic flag inferred to be equal tp O,
pic marking mode flag inferred to be equal to 0, delta_pic_order cnt[ 0 ] (if needed) inferred to be [equal
| pic/order_cnt[ 1 ] (if needed) inferred to be equal to 0.

e decodlng process should 1nfer an unintentional plcture loss when any of these values of frame num pertainfing to

“non-existi

£ d+ diots £ At 1+l d dafo £ 1Ct re
repieturesisreferred-to-in-the-inter predietionprocess;is-referred-to-in-the-reordering-eommandsfor refereneepictu

lists for short-term pictures (subclause 8.2.4.3.1), or is referred to in the assignment process of a LongTermFrameldx to a short-
term picture (subclause 8.2.5.4.3). The decoding process should not infer an unintentional picture loss when a memory
management control operation not equal to 3 is applied to a frame marked as “non-existing”.

8.2.5.3

This process i

Sliding window decoded reference picture marking process

s invoked when adaptive _ref pic_marking mode flag is equal to 0.

Depending on the properties of the current picture as specified below, the following applies.

pair, and
“used for

100

If the current picture is a coded field that is the second field in decoding order of a complementary reference field

the first field has been marked as “used for short-term reference”
short-term reference”.

, the current picture is also marked as

Otherwise, the following applies.

© ISO/IEC 2004 — All rights reserved


https://iecnorm.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

Let numShortTerm be the total number of reference frames, complementary reference field pairs and non-paired
reference fields for which at least one field is marked as “used for short-term reference”. Let numLongTerm be
the total number of reference frames, complementary reference field pairs and non-paired reference fields for

which at least one field is marked as “used for long-term reference”.

When numShortTerm + numLongTerm is equal to Max( num_ref frames, 1), the condition that numShortTerm is
greater than 0 shall be fulfilled, and the short-term reference frame, complementary reference field pair or non-
paired reference field that has the smallest value of FrameNumWrap is marked as “unused for reference”. When it

is a frame or a complementary field pair, both of its fields are also marked as “unused for reference”.

8.2.5.4 Adaptive memory control decoded reference picture marking process

This
The

- PRI PR P 3 PR P
PTOCTSS IS IITVOKTU WITCIT audaptive_Icl_pIC_MIAarkIng_Imodc_tag Is cqudl to I,

memory management control operation commands with values of 1 to 6 are processed in the-order

the blitstream after the current picture has been decoded. For each of these memory managenient’ conl
comrhands, one of the processes specified in subclauses 8.2.5.4.1 to 8.2.5.4.6 is invoked depénding or
mem¢pry management control operation. The memory management control operation command with

spec

ifies the end of memory management_control operation commands.

Mempry management control operations are applied to pictures as follows.

Iff field pic flag is equal to 0, memory management control operation commands are applied to
domplementary reference field pairs specified.

therwise (field pic flag is equal to 1), memory management contrel operation commands are &
ihdividual reference fields specified.

8.2.5]4.1 Marking process of a short-term picture as “unused for reference”

This

brocess is invoked when memory management_control ‘operation is equal to 1.

Let pjcNumX be specified by

picNumX = CurrPicNum — ( difference_of:pic nums minusl + 1 ).

Depepding on field pic_flag the value of picNumX is used to mark a short-term picture as “unused for
folloyvs.

field pic_flag is equal to 0, the short-term reference frame or short-term complementary refere
ecified by picNumX and both.ef its fields are marked as “unused for reference”.

therwise (field pic_flag is €qual to 1), the short-term reference field specified by picNumX is mark
r reference”. When that-reference field is part of a reference frame or a complementary reference

they occur in
trol_operation
the value of
value of 0

the frames or

pplied to the

(8-40)

reference” as

nce field pair

ed as “unused
field pair, the

ame or complementary field pair is also marked as "unused for reference", but the marking of the other field is not

dhanged.

8.2.5]4.2 Marking-process of a long-term picture as “unused for reference”

This

brocessasiinvoked when memory management control operation is equal to 2.

Dependingon field pic_flag the value of LongTermPicNum is used to mark a long-term picture a
referénce” as follows

“unused for

If field pic flag is equal to 0, the long-term reference frame or long-term complementary reference field pair having
LongTermPicNum equal to long_term_pic_num and both of its fields are marked as “unused for reference”.

Otherwise (field pic flag is equal to 1), the long-term reference field specified by LongTermPicNum equal to
long_term pic_num is marked as “unused for reference”. When that reference field is part of a reference frame or a
complementary reference field pair, the frame or complementary field pair is also marked as "unused for reference",

but the marking of the other field is not changed.

8.2.5.4.3 Assignment process of a LongTermFrameldx to a short-term reference picture

This

process is invoked when memory management control operation is equal to 3.

© ISO/IEC 2004 — All rights reserved
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Given the syntax element difference of pic nums minusl, the variable picNumX is obtained as specified in subclause
8.2.5.4.1. picNumX shall refer to a frame or complementary reference field pair or non-paired reference field marked as
"used for short-term reference" and not marked as "non-existing".

When LongTermFrameldx equal to long_term frame idx is already assigned to a long-term reference frame or a long-
term complementary reference field pair, that frame or complementary field pair and both of its fields are marked as
"unused for reference". When LongTermFrameldx is already assigned to a non-paired reference field, and the field is not
the complementary field of the picture specified by picNumX, that field is marked as “unused for reference”.

Depending on field pic_flag the value of LongTermFrameldx is used to mark a picture from "used for short-term
reference" to "used for long-term reference" as follows.

- Iffield pie— } H Hag h cferenceframeorshor-term-complementa efarence
field pair|spec from "used for short-term reference" to."us¢d for
long-tern) reference" and assigned LongTermFrameldx equal to long term frame idx.

- Otherwisp (field pic flag is equal to 1), the marking of the short-term reference field specified by -picNuhX is
changed from "used for short-term reference" to "used for long-term reference" and assigned LongTermFrameldx
equal to long term frame idx.

8.2.5.4.4 Dedoding process for MaxLongTermFrameldx
This process is invoked when memory _management_control operation is equal to 4.

All pictures
"used for long

br which LongTermFrameldx is greater than max long term frame idx\ plusl — 1 and that are marked as
-term reference" shall be marked as “unused for reference”.

The variable MaxLongTermFrameldx is derived as follows.

- Ifmax_lgng term frame idx plusl is equal to 0, MaxLongTermFranjeldx shall be set equal to “no long-term frame
indices”.

isp (max_long term frame idx plusl is greater thany0), MaxLongTermFrameldx shall be set eqyal to
g term frame idx plusl — 1.
NOTE — The memory management_control operation command*equal to 4 can be used to mark long-term reference pictyres as
“unused fpr reference”. The frequency of transmitting max long term frame idx plusl is not specified by this
Recommenfation | International Standard. However, +the, encoder should send a memory management control opgration
command gqual to 4 upon receiving an error message, such as an intra refresh request message.

8.2.5.4.5 Marking process of all reference pictures as “unused for reference” and setting MaxLongTermFrameldx
to “no long-term frame indices”

This process is invoked when memory _management_control operation is equal to 5.
All reference jpictures are marked, as\‘unused for reference” and the variable MaxLongTermFrameldx is set equal o “no
long-term fraine indices”.

8.2.5.4.6 Progess for assigning a long-term frame index to the current picture
This process is invoked.when memory _management_control operation is equal to 6.

When a variable LongTermFrameldx equal to long term frame idx is already assigned to a long-term reference frame or
a long-term cpmplémentary reference field pair, that frame or complementary field pair and both of its fields are mjarked
as "unused for reference™. When LonglermFrameldx is already assigned to a non-paired reference iield, and the tield is
not the complementary field of the current picture, that field is marked as “unused for reference”.

The current picture is marked as "used for long-term reference" and assigned LongTermFrameldx equal to
long term frame idx.

When field pic flag is equal to 0, both its fields are also marked as "used for long-term reference" and assigned
LongTermFrameldx equal to long_term frame_idx.

When field pic_flag is equal to 1 and the current picture is a second (in decoding order) field of a complementary
reference field pair, the pair is also marked as "used for long-term reference" and assigned LongTermFrameldx equal to
long_term frame idx.

After marking the current decoded reference picture, the total number of frames with at least one field marked as “used
for reference”, plus the number of complementary field pairs with at least one field marked as “used for reference”, plus
the number of non-paired fields marked as “used for reference” shall not be greater than Max( num_ref frames, 1 ).
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NOTE - Under some circumstances, the above statement may impose a constraint on the order in which a

memory_management_control operation syntax element equal to 6 can appear in the decoded reference picture marking syntax

relative to a memory management_control_operation syntax element equal to 1, 2, or 4.

Intra prediction process

This process is invoked for I and SI macroblock types.

Inputs to this process are constructed samples prior to the deblocking filter process from neighbouring macroblocks and
for Intra_4x4 prediction mode, the associated values of Intra4x4PredMode from neighbouring macroblocks.

Outputs of this process are specified as follows.

The yariable MvChnt is set equal to 0.

Depending on the value of mb_type the following applies.

mb_type is not equal to I PCM, the Intra prediction samples of components of the macroblock er [in case of the
tra_4x4 prediction process for luma samples, the outputs are 4x4 luma sample arrays as part. ofjthe 16x16 luma
drray of prediction samples of the macroblock.

therwise (mb_type is equal to I PCM), constructed macroblock samples prior to the deblocking filter[process.

Iffmb_type is equal to I PCM, the process specified in subclause 8.3.4 is inveked.
Otherwise (mb_type is not equal to I PCM), the following applies.

- | The decoding processes for Intra prediction modes are described for-the luma component as follows.

- If the macroblock prediction mode is equal to Intra_4x4, the)specification in subclause 8.3.1 appliies.

- Otherwise (the macroblock prediction mode is equalyto Intra 16x16), the specification in sybclause 8.3.2
applies.

- | The decoding processes for Intra prediction modes-for the chroma components are described in subclause 8.3.3.

Samplles used in the Intra prediction process shall besample values prior to alteration by any deblocking filfer operations.

8.3.1 Intra_4x4 prediction process for lumasamples

This process is invoked when the macroblock'prediction mode is equal to Intra_4x4.

Inputk to this process are constructed luma samples prior to the deblocking filter process from neighbouring macroblocks

and the associated values of Intra4x4RfedMode from the neighbouring macroblocks or macroblock pairs.

Outpfits of this process are 4x4 Tuma sample arrays as part of the 16x16 luma array of prediction samples of the

macrpblock pred; .

The lhma component of a'macroblock consists of 16 blocks of 4x4 luma samples. These blocks are inverse scanned using

the 4x4 luma block ifiverse scanning process as specified in subclause 6.4.3.

For
Intraqdx4PredMode[ luma4x4Blkldx ] is derived as specified in subclause 8.3.1.1.

For epcli luma block of 4x4 samples indexed using luma4x4Blkldx = 0..15,
L.

1l 4x4 lunfa blocks of the luma component of a macroblock with luma4x4Blkldx = 0..15, the variable

he Infra_4x4 sample prediction process in subclause 3.3.1.2 i1s invoked with luma4x4BIKIdx and constructed
samples prior (in decoding order) to the deblocking filter process from adjacent luma blocks as the input and the
output are the Intra_4x4 luma prediction samples pred4x4;[ x, y ] with x, y=10..3.

The position of the upper-left sample of a 4x4 luma block with index luma4x4Blkldx inside the current macroblock
is derived by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with luma4x4BIlkldx as the
input and the output being assigned to ( xO, yO ) and x, y = 0..3.

pred [ XO +x, yO +y ] =pred4x4.[ X, y ] (8-41)
The transform coefficient decoding process and picture construction process prior to deblocking filter process in

subclause 8.5 is invoked with pred; and luma4x4BlkIdx as the input and the constructed samples for the current 4x4
luma block S’; as the output.
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8.3.1.1 Derivation process for the Intra4x4PredMode

Inputs to this process are the index of the 4x4 luma block luma4x4Blkldx and variable arrays Intra4x4PredMode that are
previously (in decoding order) derived for adjacent macroblocks.

Output of this process is the variable Intra4x4PredMode[ luma4x4BlklIdx ].

Table 8-2 specifies the values for Intra4x4PredMode[ luma4x4BlkIdx ] and the associated names.

Table 8-2 — Specification of Intra4x4PredMode[ luma4x4BlkIdx | and associated names

Intra4x4PredMode[ luma4x4BlkIdx ]

Name of Intra4x4PredMode[ luma4x4BIkIdx ]

A
\%

T VIR & SSLEEE | 1ot 1
TIITra_ X _ v CIrircar (PretrctiionT ImoaTy)

1

Intra_4x4 Horizontal (prediction mode)

Intra_4x4 DC (prediction mode)

Intra_4x4 Diagonal Down_Left (prediction mode)

Intra_4x4 Diagonal Down_Right (prediction mode)

Intra_4x4 Vertical Right (prediction mdde)

Intra_4x4 Horizontal Down (prediction mode)

Intra_4x4 Vertical Left (prediction mode)

0| V[N ||~ |WIN

Intra_4x4 Horizontal Up.(prediction mode)

Intrad4x4PredMode[ luma4x4Blkldx ] labelled O, 1, 3, 4, 5, 6, 7, and 8 represert.directions of predictions as illustra

Figure 8-1.

Let intradx4PredModeA and intra4dx4PredModeB be variables that specify the intra prediction modes of neighbd

4x4 luma blogks,

\4
-

Eigure 8-1 — Intra_4x4 prediction mode directions (informative)

Intra4X4PredI /Tnﬂp[ lumadx4BlkIdx ] is-derived as follaows

ted in

uring

- The process specified in subclause 6.4.7.3 is invoked with luma4x4BlkIdx given as input and the output is assigned
to mbAddrA, luma4x4BlkldxA, mbAddrB, and luma4x4BlkIdxB.

- The variable dcOnlyPredictionFlag is derived as follows.

- If one of the following conditions is true, dcOnlyPredictionFlag is set equal to 1

- the macroblock with address mbAddrA is not available

- the macroblock with address mbAddrB is not available

- the macroblock with address mbAddrA is available and coded in Inter prediction mode and

constrained intra_pred_flag is equal to 1

104
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constrained intra pred_flag is equal to 1

Otherwise, dcOnlyPredictionFlag is set equal to 0.

For N being either replaced by A or B, the variables intra4dx4PredModeN are derived as follows.

10:2004(E)

the macroblock with address mbAddrB is available and coded in Inter prediction mode and

If dcOnlyPredictionFlag is equal to 1 or the macroblock with address mbAddrN is not coded in Intra 4x4

macroblock prediction mode, intra4x4PredModeN is set equal to 2 (Intra_4x4 DC prediction mode).

Otherwise (dcOnlyPredictionFlag is equal to 0 and the macroblock with address mbAddrN is coded in Intra_4x4

macroblock prediction mode), intradx4PredModeN is set equal to Intradx4PredMode[ lumad4x4BlkIdxN ], where

Intra4x4PredMode is the variable array assigned to the macroblock mbAddrN.

- ]Ltra4x4PredMode[ luma4x4BIkldx ] is derived by applying the following procedure.

8.3.1
This
the tr]

Input
deco

Outp
luma

The 1§
deriv|
the o

predIntra4x4PredMode = Min( intra4x4PredModeA, intra4x4PredModeB )
if( prev_intra4x4 pred mode flag[ luma4x4Blkldx ])
Intra4x4PredMode[ luma4x4Blkldx ] = predIntra4x4PredMode
else
if( rem_intra4x4 pred mode[ luma4x4BlklIdx ] < predIntra4x4PredMode )
Intra4x4PredMode[ luma4x4Blkldx | =rem_intra4x4 pred mode[ luma4x4BlkIdx ]
else
Intrad4x4PredMode[ luma4x4Blkldx | =rem_intra4x4 pred modefuma4x4Blkldx ]+ 1

2 Intra_4x4 sample prediction

process is invoked for each 4x4 luma block of a macroblock with prediction mode equal to Intra_4x]
hnsform decoding process and picture construction processptior to deblocking for each 4x4 luma bloc

5 to this process are the index of the 4x4 luma block with index luma4x4Blkldx and constructed sar
ling order) to the deblocking filter process from adjacent luma blocks.

it of this process are the prediction samples pred4x4.[ x, y ], with x, y = 0..3 for the 4x4 luma blo
ix4BlkIdx.

osition of the upper-left sample of a 4x4/luma block with index luma4x4BlklIdx inside the current
bd by invoking the inverse 4x4 luma bloek scanning process in subclause 6.4.3 with luma4x4BlkIdx as
itput being assigned to ( xO, yO ).

3 neighbouring samples p[ X;¥J that are constructed luma samples prior to the deblocking filter
,y=-1.3and x=0..7, y =\:1) are derived as follows.

[he luma location ( xN,.yN ) is specified by

xN =x0 +x
yN = yOcity

[he derjvation process for neighbouring locations in subclause 6.4.8 is invoked for luma locations witl]
nput and mbAddrN and ( xW, yW ) as output.

(8-42)

4 followed by
k.

hples prior (in

ck with index

macroblock is
the input and

process, with

(8-43)
(8-44)

(xN,yN)as

Fach sample p[ X, y | withx=-1,y=-1..3 and x=0..7, y = -1 1s derived as follows.

If any of the following conditions is true, the sample p[ x,y ] is marked as “not available
prediction”

mbAddrN is not available,

the macroblock mbAddrN is coded in Inter prediction mode and constrained_intra_pred flag

current macroblock does not have mb_type equal to SI.

x is greater than 3 and luma4x4Blkldx is equal to 3 or 11

© ISO/IEC 2004 — All rights reserved
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the macroblock mbAddrN has mb_type equal to SI and constrained intra_pred flag is equal to 1 and the
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location ( xW, yW ) inside the macroblock mbAddrN is assigned to p[ X, y |.

Otherwise, the sample p[ x, y ] is marked as “available for Intra 4x4 prediction” and the luma sample at luma

When samples p[ x, -1 ], with x = 4..7 are marked as “not available for Intra_4x4 prediction,” and the sample p[ 3, -1 ] is
marked as “available for Intra 4x4 prediction,” the sample value of p[ 3, -1 ] is substituted for sample values p[ x, -1 ],
with x = 4..7 and samples p[ x, -1 ], with x = 4..7 are marked as “available for Intra_4x4 prediction”.

NOTE — Each block is assumed to be constructed into a frame prior to decoding of the next block.

Depending on Intra4x4PredMode[ luma4x4Blkldx ], one of the Intra 4x4 prediction modes specified in subclauses
8.3.1.2.1 to 8.3.1.2.9 shall be used.

8.3.1.2.1 Specification of Intra_4x4 Vertical prediction mode

This Intra_4x

This mode s
prediction”.

The values of]

preq

8.3.1.2.2 Spe
This Intra_4x

This mode s
prediction”.

The values of]

pred

8.3.1.2.3 Spe
This Intra_4x
The values of]

If all sam
the value

pred4x

Otherwis
samples

samples gred4x4; [ x,y Iy with x, y = 0..3 are derived by

pred4x

Otherwis

i prediction mode shall be used when Intradx4PredMode[ luma4x4BlkIdx ] is equal to 0.

hall be used only when the samples p[ x,-1] with x = 0..3 are marked as “available for \Intr3

the prediction samples pred4x4;[ x, y ], with x, y = 0..3 are derived by

4x41[ X,y ] =p[x,-1], withx, y=0.3

cification of Intra_4x4_Horizontal prediction mode
i prediction mode shall be used when Intra4x4PredMode[ luma4x4BIkIdx']'is equal to 1.

nall be used only when the samples p[ -1,y ], with y = 0..3 afe“marked as “available for Intr

the prediction samples pred4x4,[ x, y ], with x, y = 0..3 are-derived by

4x41 [ x,y]1=p[-1,y], withx,y=10..3

cification of Intra_4x4_DC prediction mode
i prediction mode shall be used when Intradx4PredMode[ luma4x4BlkIdx ] is equal to 2.
the prediction samples pred4x4,[ x, y ],.with x, y = 0..3 are derived as follows.

ples p[ X, -1 ], with x = 0..3 and p[+L)y ], with y = 0..3 are marked as “available for Intra_4x4 predic|
5 of the prediction samples pred4x4; [ X, y ], with x, y = 0..3 are derived by

Al x,y1=(p[0,-1 ]+p[ LA ]+p[2,-1]+p[3,-1]+
p[_lso]-‘rp[_la1]+p[_1’2]+p[_173]+4)>>3 (

e, if any samples/p[x, -1 ], with x = 0..3 are marked as “not available for Intra 4x4 prediction” a

b[ -1, y ], with % =70..3 are marked as “available for Intra 4x4 prediction”, the values of the pred

4L[X:Y]:(p['lso]+P['ls1]+P['1:2]+P['1a3]+2)>>2 (

h
o

if any samples p[ -1,y ], with y = 0..3 are marked as “not available for Intra 4x4 prediction” a

L 4x4

-45)

L 4x4

-46)

tion”,

-47)

hd all

iction

-48)

hd all

samples

p[ X, -1 |, with X =U .. 3 ar¢ marked as —availabl¢ I0r Infra_4x4 prcdiction , the¢ valucs oI the¢ prcéd

samples pred4x4,[ x, y ], with x, y =0 .. 3 are derived by

pred4x4, [ X,y ]=(p[0,-1]+p[1,-1]+p[2,-1]+p[3,-1]+2)>>2

iction

(8-49)

Otherwise (some samples p[ x, -1 ], with x = 0..3 and some samples p[ -1, y |, with y = 0..3 are marked as “not

available for Intra 4x4 prediction”), the values of the prediction samples pred4x4;[ x,y ], with x, y = 0..3 are

derived b

pred4x4,[ x,y ] =128

NOTE - A

106

y

4x4 luma block can always be predicted using this mode.

(8-50)
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8.3.1.2.4 Specification of Intra_4x4 Diagonal Down_Left prediction mode
This Intra_4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4Blkldx ] is equal to 3.

This mode shall be used only when the samples p[x,-1] with x = 0..7 are marked as “available for Intra 4x4
prediction”.

The values of the prediction samples pred4x4;[ x, y ], with x, y = 0..3 are derived as follows.

- Ifxisequal to 3 and y is equal to 3,

preddx4 [ x,y ] =(p[6,-1 1+3*p[7,-1]+2)>>2 (8-51)

- therwise (x 1s not equal to 3 or y 1s not equal to 3),
pred4x4 [ x,y ] =(p[x+y,-1]+2*p[x+y+1,-1]+p[x+y+2,-1]+2)>>2 (8-52)

8.3.112.5 Specification of Intra_4x4_Diagonal_Down_Right prediction mode
This |ntra_4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BlkIdx ] is’equal to 4.

This jmode shall be used only when the samples p[ x, -1 ] with x = 0..3 and p[ -1, ¥°] with y = -1..3 gre marked as
“available for Intra_4x4 prediction”.

The values of the prediction samples pred4x4;[ x, y ], with x, y = 0..3 are derived-as follows.

- Iffx is greater than y,

preddxd [ X,y ] =(p[x-y-2,-1]+2*p[x-y- L -1 ]+p[ x5y, -1 ]+2)>>2 (8-53)

- therwise if x is less than y,

preddx4 [ x,y]=(p[-1,y-x-2]+2*p[-l,y-xal]+p[-1l,y-x]+2)>>2 (8-54)

- therwise (x is equal to y),

pred4x4 [ X,y ]=(p[0,-1]+2*p[-1,-1 Fp[-1,0]+2)>>2 (8-55)

8.3.1]2.6 Specification of Intra_4x4 Vertical Right prediction mode
This |ntra_4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BIkIdx ] is equal to 5.

This jmode shall be used only when the samples p[ x,-1] with x = 0..3 and p[ -1,y ] with y = -1..3 gre marked as
“avaifable for Intra 4x4 prediction”.

Let the variable ZVR be setequal to 2 * x —y.

The Yalues of the predietion samples pred4x4,[ x, y ], with x, y = 0..3 are derived as follows.
- IfzVR s equalto 0, 2, 4, or 6,

preddxdif x, y | =(p[x-(y>>1)- 1, -1 J+p[x-(y>>1),-1]+1)>>1 (8-56)

- therwise, if zZVR is equal to 1, 3, or 5,
pred4x4 [ x,y ] =(p[x-(y>>1)-2,-1]+2*p[x-(y>>1)-1,-1]+p[x-(y>>1),-1]+2)>>2 (8-57)

- Otherwise, if zZVR is equal to -1,
preddxd [ x,y 1= (p[-1,0]+2*p[-1,-1 ]+ p[ 0,-1]+2)>>2 (8-58)

- Otherwise (zVR is equal to -2 or -3),
pred4x4 [ X,y ]=(p[-L,y-1]1+2%*p[-l,y-2]+p[-1,y-3]+2)>>2 (8-59)

8.3.1.2.7 Specification of Intra_4x4_Horizontal Down prediction mode

This Intra_4x4 prediction mode shall be used when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 6.
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This mode shall be used only when the samples p[ x,-1] with x = 0..3 and p[ -1,y ] with y = -1..3 are marked as

“available for

Intra_4x4 prediction”.

Let the variable zZHD be set equal to 2 * y — x.

The values of

the prediction samples pred4x4,[ x, y ], with x, y = 0..3 are derived as follows.

- IfzHDisequal to 0, 2, 4, or 6,

pred4x4 [ x,y]=(p[-l,y-(x>>1)-1]+p[-LLy-(x>>1)]+1)>>1 (8-60)
- Otherwise, if zHD is equal to 1, 3, or 5,

preddxérsy+—tpt—Hy—tx B2+t -ty B4+ 23-61)
- Otherwisp, if zZHD is equal to -1,

pred4xd [ x,y]=(p[-1,0]+2*p[-1,-1]+p[0,-1]+2)>>2 ($-62)
- Otherwisp (zHD is equal to -2 or -3),

preddxd [ x,y]=(p[x-1,-1]+2*p[x-2,-1]+p[x-3,-1]+2)>>2 ($-63)

8.3.1.2.8 Spe
This Intra_4x

This mode s
prediction”.
The values of]

Ifyiseq
pred4x

Otherwis

pred4x

8.3.1.2.9 Spe
This Intra_4x

This mode s
prediction”.

Let the variab
The values of]
If zHU is

pred4x

cification of Intra_4x4_Vertical_Left prediction mode
i prediction mode shall be used when Intra4x4PredMode[ luma4x4BlkIdx | is equal to 7.

hall be used only when the samples p[ x,-1] with x = 0..7.are“marked as “available for Intr

the prediction samples pred4x4, [ x, y ], with x, y = 0..3 ar€ derived as follows.
hal to 0 or 2,
X yl=(plx+(y>>1),-1T+p[x+(y>>1)F1,-1]7+1)>>1

e (y is equal to 1 or 3),

Al x, y1=(plx+(y>>1),-1]+2%plx+(y>>1)+1,-1]+p[x+(y>>1)+2,-1]+2)>>
(
cification of Intra_4x4_ Horizental Up prediction mode

i prediction mode shall be used when Intra4x4PredMode[ luma4x4BlkIdx ] is equal to 8.

hall be used only when"the samples p[ -1,y ] with y = 0..3 are marked as “available for Intr

le zZHU be seteequal tox +2 * y.

the prediction samples pred4x4.[ x, y ], with X, y = 0..3 are derived as follows:
equal'to0, 2, or 4

X y = (pl-Ly+ (x> 1) J+p[-Ly+ (x> 1)+ 1]+1)>>1

1 4x4

-64)

D
-65)

1 4x4

-66)

Otherwise, if zZHU is equal to 1 or 3

preddx4 [ X,y ]=(p[-1,y +(x>1)]+2*p[-I,y+(x>1)+1]+p[-l,y+(x>>1)+2]+2)>>2

(8-67)
Otherwise, if zZHU is equal to 5,
preddx4 [ x,y]=(p[-1,2]+3*p[-1,3]+2)>>2 (8-68)
Otherwise (zHU is greater than 5),
pred4x4 [ x,y]=p[-1,3] (8-69)
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8.3.2 Intra_16x16 prediction process for luma samples

This process is invoked when the macroblock prediction mode is equal to Intra 16x16. It specifies how the Intra
prediction luma samples for the current macroblock are derived.

Input to this process are constructed samples prior to the deblocking process from neighbouring luma blocks (if
available).

Outputs of this process are Intra prediction luma samples for the current macroblock pred;[ x, y ].

The 33 neighbouring samples p[ x, y | that are constructed luma samples prior to the deblocking filter process, with
x=-1,y=-1..15 and with x = 0..15, y = -1, are derived as follows.

1 T . il 11 . 1 - . 11 4-Q . 1 1—C 1 1 - :
- 1T UCTIVAUOIL PIOCCSS 101 TITIEHUOUULIILE  1TOCAUUILS T SUDCIAUSTU.5%.6 15 IIIVUOKCTU 101 TUllla  10CAllU1] Wlth (X, y)

issigned to ( xN, yN ) as input and mbAddrN and ( xW, yW ) as output.
—  FEachsample p[ x, y ] withx =-1, y=-1..15 and with x =0..15, y = -1 is derived as follows.

— If any of the following conditions is true, the sample p[ x, y ] is marked as “not'ayailable for Intra 16x16
prediction”

- mbAddrN is not available,
- the macroblock mbAddrN is coded in Inter prediction mode and constrained _intra_pred_flag fis equal to 1.
- the macroblock mbAddrN has mb_type equal to SI and constrained/intra_pred flag is equal fo 1.

—  Otherwise, the sample p[ x, y ] is marked as “available for Intra-16x16 prediction” and the lyma sample at
luma location ( xW, yW ) inside the macroblock mbAddrN is assigned to p[ x, y ].

Let pfed, [ x, y ] with x, y = 0..15 denote the prediction samples for the 16x16 luma block samples.

Intra| 16x16 prediction modes are specified in Table 8-3.

Table 8-3 — Specification of Intral6x16PredMode and associated names

Intral6x16PredMode Name of Intral 6x16PredMode
0 Intra_16x16_Vertical (prediction mode)
1 Intra_16x16_Horizontal (prediction mode)
2 Intra 16x16_DC (prediction mode)
3 Intra_16x16_Plane (prediction mode)

Depepding on Intral6x16PtedMode, one of the Intra 16x16 prediction modes specified in subclauses 8.3.2.1 to 8.3.2.4
shall be used.

8.3.2]11 Specification of Intra_16x16_Vertical prediction mode

This [ntra_16x16 prediction mode shall be used only when the samples p[ X, -1 ] with x = 0..15 are marked as “available
for Irjtra, 16x16 prediction”.

predi =y ==t withsy="06-15 (8-70)

8.3.2.2 Specification of Intra_16x16_Horizontal prediction mode

This Intra_16x16 prediction mode shall be used only when the samples p[-1, y] with y = 0..15 are marked as “available
for Intra_16x16 prediction”.

predi [ x,y]=p[ -1,y ], withx, y=0..15 (8-71)

8.3.2.3 Specification of Intra_16x16_DC prediction mode

This Intra_16x16 prediction mode shall be used depending on whether the neighbouring samples are marked as
“available for Intra_16x16 prediction” as follows.
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Intra_16x16 prediction”, the prediction for all luma samples in the macroblock is given by:

pred; [

15 15
X y1=Qplx,~1]+ Y p[-1,y]+16) >> 5. with x, y = 0..15

x'=0 y'=0

If all neighbouring samples p[ x, -1 ], with x = 0..15 and p[ -1,y ], with y = 0..15 are marked as “available for

(8-72)

Otherwise, if any of the neighbouring samples p[ x, -1 |, with x = 0..15 are marked as "not available for Intra_16x16

prediction" and all of the neighbouring samples p[ -1, y ], with y = 0..15 are marked as “available for Intra 16x16
prediction”, the prediction for all luma samples in the macroblock is given by:

=015

pred; [

Otherwis

prediction” and all of the neighbouring samples p[ x, -1 ], with x = 0..15 are marked as “available for Intra

predictio

pred; [

Otherwis

IL,y], wi
the macr

pred; [

8.3.2.4 Spe|

This Intra_16
0..15 are mar}

=T

b

15
PRI N [ d o AR
T (P LY [T o) o A sy
y'=0

e, if any of the neighbouring samples p[ -1, y ], with y = 0..15 are marked as "not available for{Intra_

1”, the prediction for all luma samples in the macroblock is given by:

15
X, Y 1= (Zp[x"—l]+ &) >>4, with x, y=0.15

x'=0

b (some of the neighbouring samples p[ x, -1 |, with x = 0..15 and some, of the neighbouring sampld

h y =0..15 are marked as “not available for Intra_16x16 prediction’?),-th¢ prediction for all luma samp
block is given by:
x, y | =128, with x, y =0..15 (

cification of Intra_16x16_Plane prediction mode

led as “available for Intra_16x16 prediction”.

-73)

6x16
6x16

-74)

s pl -
les in

-75)

k16 prediction mode shall be used only when the samples p[ x, -1 ] with x =-1..15 and p[ -1,y ] with y =

predi[[x,y ] =Clipl((a+b*(x-7)+c*(y- )+ 16)>>5), withx, y=0..15, (8-76)
where:
a=16(p[-1,15]+p[15,-1]) (8-77)
b=(5*H+32)>>6 (8-78)
c=(5*V+32)>>6 (8-79)
and H and V gre specifiedinnkEquations 8-80 and 8-81.
7]
H =Y (x"HY*(p[8+x',—-1]-p[6-x',-1]) (3-80)
7
V= (y+D)*(p[-1.8+y']-p[-1,6-y']) (8-81)

Y=

833

0

Intra prediction process for chroma samples

This process is invoked for I and SI macroblock types. It specifies how the Intra prediction chroma samples for the

current macro

block are derived.

Inputs to this process are constructed samples prior to the deblocking process from neighbouring chroma blocks (if

available).

Outputs of this process are Intra prediction chroma samples for the current macroblock predcy[ X, y ] and prede [ %,y 1.

Both chroma blocks (Cb and Cr) of the macroblock shall use the same prediction mode. The prediction mode is applied
to each of the chroma blocks separately. The process specified in this subclause is invoked for each chroma block. In the

110
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remainder of this subclause, chroma block refers to one of the two chroma blocks and the subscript C is used as a
replacement of the subscript Cb or Cr.

The 17 neighbouring samples p[ X, y ] that are constructed chroma samples prior to the deblocking filter process, with
x=-1,y=-1..7 and with x =0..7, y = -1, are derived as follows.

Let pfedc[ x, y ] with x, y = 0..7 denote the prediction samples for the chroma block samples.

Intra chroma prediction modes are specified in Table 8-4.

The derivation process for neighbouring locations in subclause 6.4.8 is invoked for chroma locations with ( x,y)
assigned to ( XN, yN ) as input and mbAddrN and ( xW, yW ) as output.

Each sample p[ x, y ] is derived as follows.

—  If any of the following conditions is true, the sample p[ x, y ] is marked as “not available for Intra chroma
prediction”

- mbAddrN is not available,
- the macroblock mbAddrN is coded in Inter prediction mode and constrained_intra_pred;-flag [is equal to 1.

- the macroblock mbAddrN has mb_type equal to SI and constrained intra_predflag is equql to 1 and the
current macroblock does not have mb_type equal to SI.

—  Otherwise, the sample p[ x, y | is marked as “available for Intra chroma predietion” and the chr¢ma sample of
component C at chroma location ( xW, yW) inside the macroblock mbAddrN is assigned to p[ x,[y ].

Table 8-4 — Specification of Intra chroma prediction modes and associated names

intra_chroma_pred mode Name®©fintra_chroma pred mode
0 Intra, Chroma_DC (prediction mode)
1 Intra_ Chroma_Horizontal (prediction mode)
2 Intra_Chroma_Vertical (prediction mode)
3 Intra_Chroma_Plane (prediction mode)

Depepding on intra chroma pred ;mode, one of the Intra chroma prediction modes specified in subcjauses 8.3.3.1

to 8.3.3.4 shall be used.

8.3.3]1 Specification of Intra_Chroma_DC prediction mode

The values of the prediction samples predc[ x, y ] with x =0..3 and y = 0..3 are derived as follows.

If| all samples¢pf x, —1 ], with x = 0..3 and all samples p[ -1,y ], with y = 0..3 are marked as “available for Intra
cliroma prediction”,

3 3 .
predc[ X,y ] = (yp[x"_l]Jr Spl-1y']+ 4) >>3,withx=0.3and y=0..3 (8-82)
J

Kx':() y'=0

Otherwise, if all samples p[ x, -1 ], with x = 0..3 are marked as “available for Intra chroma prediction” and any
samples p[ —1, y ], with y = 0..3 are marked as “not available for Intra chroma prediction”,

prede[ x,y ] = [ip[""—l]”j s, withx=0.3 and y=0.3 (8-83)

x'=0

Otherwise, if any samples p[ x, —1 ], with x = 0..3 are marked as “not available for Intra chroma prediction” and all
samples p[ -1, y ], with y = 0..3 are marked as “available for Intra chroma prediction”,
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prede[ x, y]= [ip[— Ly]+ 2} oo, withx=0.3andy=0.3 (8-84)

y'=0

- Otherwise (some samples p[ x,—1 ], with x = 0..3 and some samples p[ -1,y ], with y = 0..3 are marked as “not
available for Intra chroma prediction”),

predc[ x,y ] =128, withx = 0.3 and y = 0..3 (8-85)

The values of the prediction samples predc[ x, y ], with x =4..7 and y = 0..3 are derived as follows.

- Ifall samples p[ x, -1 ], with x = 4..7 are marked as “available for Intra chroma prediction”,

7 .
predc[|x, y ] = [ZP[X"_ 1]+ 2} >>2,withx=4.7andy=0.3 (8-86)

x'=4

- Otherwise} if all samples p[ -1, y ], with y = 0..3 are marked as “available for Intra chroma prediction”,

3 .
predc[[x, y 1= {zp[_ Ly]+ 2] >>2,withx=4.7andy=10.3 ($-87)
y'=0
- Otherwise| (some samples p[ x,—1 ], with x = 4..7 and some samples p[ -1, y\with y = 0..3 are marked ag “not
available for Intra chroma prediction™),
predc[|x, y ] =128, withx=4.7 and y=0..3 (8-88)
The values offthe prediction samples predc[ x, y ], with x = 0..3 and y =%./7 are derived as follows.
- Ifall samgles p[ -1, y ], with y = 4..7 are marked as “available foerIntra chroma prediction”,
7 .
predc[x, y ] = [Zp[_ l,y']+ 2} s> 2, withx=0.3 and'y=4..7 (3-89)
y'=4
- Otherwise} if all samples p[ x, -1 ], with x = 0..3-are marked as “available for Intra chroma prediction”,
3 3
predffx, y 1= (ZP[XC—I]HJ oo s With x = 0.3 and y = 4.7 ($-90)
x'=0
- Otherwise| (some samples p[ x;=1'], with x = 0..3 and some samples p[ -1,y ], with y = 4..7 are marked aq “not
available for Intra chroma pfédiction”),
predc[|x, y ] = 128swithx =0..3 and y =4..7 (83-91)

The values of|the prediction samples predc[ X, y ] with x =4..7 and y = 4..7 are derived as follows.

- If all samplés’p[ x, —1 ], with x = 4..7 and all samples p[ —1, y |, with y = 4..7 are marked as “available for| Intra

E2)

chroma predietion

prede[ %, y]= [ip[x’»— 1+ ip[_ Ly]+ 4J o3, withx=4.7 andy=4.7 (8-92)
x'=4 y'=4

- Otherwise, if all samples p[ x, -1 ], with x = 4..7 are marked as “available for Intra chroma prediction” and any
samples p[ —1, y ], with y = 4..7 are marked as “not available for Intra chroma prediction”,

predc[ X,y 1= [ip[xr’_lhzj >>2,withx=4.7andy=4.7 (8-93)

x'=4

- Otherwise, if any samples p[ x, —1 ], with x = 4..7 are marked as “not available for Intra chroma prediction” and all
samples p[ -1, y ], with y = 4..7 are marked as “available for Intra chroma prediction”,
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predc[ X,y ] = (ip[_l,y/hz} s>, Withx=4.7and y=4.7

y'=4

(8-94)

- Otherwise (some samples p[ X, —1 ], with x = 4..7 and some samples p[ -1,y ], with y = 4..7 are marked as “not
available for Intra chroma prediction”),

predc[ x,y ] =128, withx =4..7and y=4..7

8.3.3.2 Specification of Intra_Chroma_Horizontal prediction mode

(8-95)

This mode shall be used only when the samples p[ -1,y ], with y = 0..7 are marked as “available for Intra chroma

predi

Ction™.

The values of the prediction samples predc[ X, y ] are derived as follows.

8.33

This
predi

predC[ X, y] = p[ _17 Yy ]9 with X,y= 0.7

3 Specification of Intra_Chroma_Vertical prediction mode

mode shall be used only when the samples p[ x, -1 ], with x = 0..7 are marked as “available for
Ction”.

The values of the prediction samples predc[ X, y ] are derived as follows.

8.3.3
This

predc[ X, y ] =p[ X, -1 ], withx, y=10..7

4  Specification of Intra_Chroma_Plane prediction mode

imode shall be used only when the samples p[ x, -1 ], mwith’'x = 0..7 and p[ -1,y ], with y = -1..7

“available for Intra chroma prediction”.

The yalues of the prediction samples predc| X, y ] are derived as follows.

whereg:

predc[ X,y ]=Clipl((a+b*(x-3)+c¥F(y-3)+16)>>5), withx,y=0..7

a:16*(p[_157]+p[73_1])
b=(17*H+16)>>5

c=(17*V+16)55

and H and V are speeified as follows.

8.3.4

H=

3
X\=

@+ *(p[4+x'~1]-p[2-x',-1])

0

3

(8-96)

Intra chroma

(8-97)

ire marked as

(8-98)

(8-99)

(8-100)

(8-101)

(8-102)

A POV SEPEEP N O
v=2 T P-LaTy[=P[TLs=Y]

y'=0

Sample construction process for I PCM macroblocks

This process is invoked when mb_type is equal to I PCM.

(8-103)

Outputs of this process are constructed macroblock samples S';, S'cy, and S'c; prior to the deblocking filter process.

The variable dy is derived as follows.

- If MbaffFrameFlag is equal to 1 and the current macroblock is a field macroblock, dy is set equal to 2.

- Otherwise (MbaffFrameFlag is equal to O or the current macroblock is a frame macroblock), dy is set equal to 1.
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The position of the upper-left luma sample of the current macroblock is derived by invoking the inverse macroblock
scanning process in subclause 6.4.1 with CurrMbAddr as input and the output being assigned to ( xP, yP ).

The constructed samples prior to the deblocking process are generated as specified by:

for(1=0;1<256;i++)
SUUxP+(i%16),yP+dy *(i/16))]=pcm byte[ i ] (8-104)

for(1=0;1<64;i++) {
S'cp[ (xP>>1)+(1%8),((yP+1)>>1)+dy*(i1/8)]=pcm byte[ i+ 256 ] (8-105)
S'cl (xP>1)+(1%8),((yP+1)>>1)+dy*(i1/8)]=pcm byte[ i+ 320 ]

}
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Inter prediction process

process is invoked when decoding P and B macroblock types.

Outputs of this process are Inter prediction samples for the current macroblock that are a 16x16 array pred; of luma
samples and two 8x8 arrays predc, and predc, of chroma samples, one for each of the chroma components Cb and Cr.

The partitioning of a macroblock is specified by mb_type. Each macroblock partition is referred to by mbPartldx. When
the macroblock partitioning consists of partitions that are equal to sub-macroblocks, each sub-macroblock can be further
partitioned into sub-macroblock partitions as specified by sub_mb_type. Each sub-macroblock partition is referred to by
subMbPartldx. When the macroblock partitioning does not consist of sub-macroblocks, subMbPartldx is set equal to 0.

The
The

folewinastensare-sphecibedforeach-macroblock-partition-orfor-each-sub-macroblock-vartition
—PpaFtHHeR-of ¥ ¥

];Alu WIS O te PO T SO P eCT I OO TO - S o T T 0O P T T CoCT S troTHT T O oo I P trer ot

nctions MbPartWidth( ), MbPartHeight( ), SubMbPartWidth( ), and SubMbPartHeight( ) describing

height of macroblock partitions and sub-macroblock partitions are specified in Table 7-10, Table/F~H, T
Tablg 7-15.

The

Jariables partWidth and partHeight are derived as follows.

If mb_type is not equal to P_8x8 or P_8x8ref0 or B_8x8, the following applies.

partWidth = MbPartWidth( mb_type )
partHeight = MbPartHeight( mb_type )

therwise (mb_type is equal to P_8x8 or P_8x8ref0 or B 8x8),

partWidth = SubMbPartWidth( sub_mb_type[ mbPartldx.]):

partHeight = SubMbPartHeight( sub_mb_type[ mbRartldx ] ).

Whem mb_type is equal to B_Skip or B_Direct 16x167or sub_mb_type[ mbPartldx ] is equal to B_Direct |

pred

with
over

iftion process is specified for
partWidth = 4
partHeight = 4

mbPartldx proceeding oversvalues 0..3. For each sub-macroblock indexed by mbPartldx, subMbPaj
alues 0..3.

Let the variable MvCnt be-initially set equal to 0 before any invocation of subclause 8.4.1 for the macroblog

The

Inter prediction process for a macroblock partition mbPartldx and a sub-macroblock partition subMbP

of thg following ordered steps

1.

Iperivation process for motion vector components and reference indices as specified in subclause 8.4.1.

Ihputs to this process are

the width and
hble 7-14, and

(8-106)

(8-107)

(8-108)
(8-109)

8x8, the Inter

(8-110)

(8-111)

tldx proceeds

k.

hirtldx consists

- a macroblock par‘rifinn mbPartldx

- a sub-macroblock partition subMbPartIdx.

Outputs of this process are

- luma motion vectors mvL0 and mvL1 and the chroma motion vectors mvCL0 and mvCL1
- reference indices refldxL0 and refldxL1

- prediction list utilization flags predFlagl.0 and predFlagL1

- the sub-macroblock partition motion vector count subMvCnt.

The variable MvCnt is incremented by subMvCnt.
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3. Decoding process for Inter prediction samples as specified in subclause 8.4.2.

Inputs to

this process are

- a macroblock partition mbPartldx,

- a sub-macroblock partition subMbPartldx.

- vari
- lum

- refe

ables specifying partition width and height, partWidth, and partHeight
a motion vectors mvL0 and mvL1 and the chroma motion vectors mvCL0 and mvCL1

rence indices refldxL0 and refldxL1

- prediction Iist ufilization flags predFlaglU and predFlagLT
Outputs qf this process are
- intef prediction samples (pred); which are a (partWidth)x(partHeight) array predPart; of prediction [luma
samples and two (partWidth/2)x(partHeight/2) arrays predPartc,, and predPartc, of prediction €hroma samples,
one [for each of the chroma components Cb and Cr.
For use in derjvation processes of variables invoked later in the decoding process, the followingassignments are mafle:
MvLO| mbPartIdx ][ subMbPartldx ] = mvLO (84112)
MvL1| mbPartldx ][ subMbPartldx ] = mvL1 (84113)
RefldqLO[ mbPartldx ] = refldxLO (84114)
RefldyL1[ mbPartldx | = refldxL1 (84115)
PredFlagl.O[ mbPartldx | = predFlaglL0 (84116)
PredFlagl1[ mbPartldx | = predFlagL1 (84117)
The location pf the upper-left sample of the partition relative to the upper-left sample of the macroblock is derived by
invoking the inverse macroblock partition scanning process as described in subclause 6.4.2.1 with mbPartldx as the|input
and ( xP, yP )|as the output.
The location ¢f the upper-left sample of the macroblock sub-partition relative to the upper-left sample of the macroblock
partition is dgrived by invoking the inverse sub-macroblock partition scanning process as described in subclause 6}4.2.2
with subMbPartldx as the input and ( xS, yS)) as the output.
The macrobldqck prediction is formed* by placing the partition or sub-macroblock partition prediction samples in| their
correct relativie positions in the mhaeroblock, as follows.
The variable pred; [ xP + xSwRX, yP + yS +y ] with x =0 .. partWidth— 1, y =0 .. partHeight — 1 is derived by
pred; [ [P + xS«kx; yP + yS + y ] = predPart, [ x, y ] (84118)
The variable pred¢[XP /2 +xS/2+x,yP/2+yS/2 +y]withx =0 .. partWidth/2 — 1, y =0 .. partHeight/2 — 1, and C
being replace hy Cbor Cris derived l'\}
predc[ xP/2+xS/2+x,yP/2+yS/2+y]=predPartc[ x, y | (8-119)

8.4.1  Derivation process for motion vector components and reference indices

Inputs to this process are

- a macroblock partition mbPartldx,

- a sub-macroblock partition subMbPartIdx.

Outputs of thi

S process are

- luma motion vectors mvL0O and mvL1 as well as the chroma motion vectors mvCL0 and mvCL1

- reference indices refldxL0 and refldxL1
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- prediction list utilization flags predFlagL.0 and predFlagL1

- a sub-partition macroblock motion vector count variable subMvCnt

For the derivation of the variables mvL0 and mvL1 as well as refldxL0 and refldxL1, the following applies.

10:2004(E)

- If mb_type is equal to P_Skip, the derivation process for luma motion vectors for skipped macroblocks in P and SP
slices in subclause 8.4.1.1 is invoked with the output being the luma motion vectors mvL0 and reference indices
refldxL0, and predFlagL0 is set equal to 1. mvL1 and refldxL1 are marked as not available and predFlagL1 is set
equal to 0. The sub-partition motion vector count variable subMvCant is set equal to 1.

- Otherwise, if mb_type is equal to B_Skip or B_Direct 16x16 or sub_mb_type[ mbPartldx ] is equal to B_Direct 8x8,
the derivation process for luma motion vectors for B Skip, B Direct 16x16, and B Direct 8x8 in B slices in

w2

U
V{§

Thd

Thd
Wh

inv
Tun

For tl
eithet
and r

8.4.1

bclause 8.4.1.2 is invoked with mbPartldx and subMbPartldx as the input and the output being the
ctors mvL0, mvL1, the reference indices refldxL0, refldxL1, the sub-partition motion vector court s
e prediction utilization flags predFlagl0 and predFlagL1.

erwise, for X being replaced by either 0 or 1 in the variables predFlagl. X, mvLX, refldx[tX;-and in P1
e syntax elements ref idx 1X and mvd_1X, and the following applies.

variables refldxLX and predFlagL.X are derived as follows.

If MbPartPredMode( mb_type, mbPartldx ) or SubMbPredMode( sub- mb_type[ mbPartldx ]
Pred LX or to BiPred,

refldxLX = ref idx_1X[ mbPartldx ]
predFlagLX =1

Otherwise, the variables refldxL.X and predFlagl.X are specified by

refldxLX = -1
predFlagLX =0

variable subMvCnt for sub-partition motion vector count is set equal to predFlagl.0 + predFlagL1.

en predFlaglX is equal to 1, the_derivation process for luma motion vector prediction in subclaj
bked with mbPartldx subMbPartldx;-refldxLX, and list suffix LX as the input and the output being
a motion vectors are derived byt

mvLX[ 0 ] =mvpLX[ 0 [+ mvd IX[ mbPartldx ][ subMbPartldx ][ 0 ]
mvLX[ 1 ]=mvpDX][ 1 ]+ mvd_IX[ mbPartldx ][ subMbPartldx ][ 1 ]

ie derivation.¢fthe variables for the chroma motion vectors, the following applies. When predFlagl. X
0 or 1) is-equal to 1, the derivation process for chroma motion vectors in subclause 8.4.1.4 is invokg
pfldxL X \as-input and the output being mvCLX.

1 <{/Derivation process for luma motion vectors for skipped macroblocks in P and SP slices

luma motion
ibMvCnt, and

ed LX and in

is equal to

(8-120)

(8-121)

(8-122)

(8-123)

use 8.4.1.3 is
mvpLX. The

(8-124)
(8-125)

(with X being
d with mvLX

This process 1s invoked when mb_type is equal to P_Skip.

Outputs of this process are the motion vector mvL0 and the reference index refldxLO0.

The reference index refldxL0 for a skipped macroblock is derived as follows.

refldxLL.0 = 0.

For the derivation of the motion vector mvLO0 of a P_Skip macroblock type, the following applies.

Let currSubMbType be set equal to sub_mb_type[ 0 ].

(8-126)

The process specified in subclause 8.4.1.3.2 is invoked with

mbPartldx set equal to 0, subMbPartldx set equal to 0, currSubMbType, and list suffix LO as input and the output is
assigned to mbAddrA, mbAddrB, mvLOA, mvLOB, refldxLOA, and refldxLOB.

The variable mvLO is specified as follows.
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mb

mb

If any one of the following conditions is true, both components of the motion vector mvL0 are set equal to 0.

AddrA is not available
AddrB is not available

refldxLOA is equal to 0 and both components of mvLOA are equal to 0

refldxLOB is equal to 0 and both components of mvLO0B are equal to 0

Otherwise, the derivation process for luma motion vector prediction as specified in subclause 8.4.1.3 is invoked

with mbPartldx = 0, subMbPartldx = 0, refldxL.0, and list suffix LO as input and the output is assigned to mvL0.

NOTE - Th

e output is directly assigned to mvL0, since the predictor is equal to the actual motion vector.

8.4.1.2 Den

This process

B Direct 8x§.

Inputs to this

Outputs of th
partition moti

The derivatio
header syntax
If direct |
as spatial

Otherwis
referred |

Both spatial 4
subclause 8.4

The motion v

If spatial
subclauseg

Otherwis
specified

If subN
Otherw

8.4.1.2.1 Der
Inputs to this

Outputs of th
reference indg

Let firstRefPi
When firstRe

ivation process for luma motion vectors for B_Skip, B_Direct_16x16, and B_Direct_8x8

brocess are mbPartldx and subMbPartldx.

bn vector count subMvCnt, and the prediction list utilization flags, predFlagl.0 and predFlagl1.
h process depends on the value of direct_spatial mv_pred flag, which is present in the bitstream in thg

spatial mv_pred flag is equal to 1, the mode in which the outputs of this process are derived is refer

s invoked when mb_type is equal to B_Skip or B Direct 16x16, or sub_mb_type[ mbPartldx)]:s eq

is process are the reference indices refldxL0, refldxL1, the motion vectors myvLO and mvL1, the

as specified in subclause 7.3.3, and is specified as follows.

direct prediction mode.

e (direct_spatial mv_pred_flag is equal to 0), mode in which(the outputs of this process are deriy
D as temporal direct prediction mode.

nd temporal direct prediction mode use the co-located metion vectors and reference indices as specif]
1.2.1.

bctors and reference indices are derived as follows.

direct prediction mode is used, the direct motion vector and reference index prediction mode specif]
8.4.1.2.2 is used, with subMvCnt being an eutput.

b (temporal direct prediction mode is used), the direct motion vector and reference index prediction
in subclause 8.4.1.2.3 is used and the-yariable subMvCnt is derived as follows.

bPartldx is equal to 0, subMvChnt-is set equal to 2.

ise (subMbPartldx is not equal'to 0), subMvCnt is set equal to 0.

ivation process for the co-located 4x4 sub-macroblock partitions
brocess are mbPartldx and subMbPartldx.

is process argithe picture colPic, the co-located macroblock mbAddrCol, the motion vector mvCqg
x refldxCol,‘and the variable vertMvScale (which can be One To One, Frm To Fld or Fld To Frm)

L1 be the reference picture referred by RefPicListI[ O ].

'Picl/] is a frame or a complementary field pair, let firstRefPicL1Top and firstRefPicL1Bottom be t

hal to

sub-

slice

red to

ed is

ed in

ed in

mode

[, the

Ic top

and bottom fields of TirstRefPicLT, and Iet the Tollowing variables be specified as

topAbsDiffPOC = Abs( DiffPicOrderCnt( firstRefPicL1Top, CurrPic ) )

bottomAbsDiffPOC = Abs( DiffPicOrderCnt( firstRefPicL1Bottom, CurrPic ) )

The variable colPic specifies the picture that contains the co-located macroblock as specified in Table 8-5.
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Table 8-5 — Specification of the variable colPic

field pic_flag | The first entry mb_field decoding_flag | additional condition colPic
in RefPicListl is
e
1 decoded frame firstRefPicL1
a decoded field firstRefPicL1
a decoded frame TirstRefPicL1
topAbsDiffPOC < the tqp field of
bottomAbsDiffPOC firstRefPicL1
0
topAbsDiffPOC >= the bpttom field
0 a bottomAbsDiffPOC of firptRefPicL1
complementary
field pair  _ the tdp field of
( CurrMbAddr & ) 0 firstRefPicL1
1
the bpttom field
=
(CurrMANYE: 1) 1=0 of firptRefPicL1
Wher direct 8x8_inference flag is equal to 1, subMbPartldx is setas‘follows.
sybMbPartldx = mbPartldx (8-129)

Let PlicCodingStruct( X ) be a function with the argument.X being either CurrPic or colPic. It is specified inf Table 8-6.

Table 8-6 — Specification of PicCodingStruct( X )

X is coded with field pic flag equalto ... | mb adaptive frame field flag | PicCodingStruct( X )

1 FLD
0 0 FRM
0 1 AFRM

With|luma4x4Blkldx.= mbPartldx * 4 + subMbPartldx, the inverse 4x4 luma block scanning process gs specified in
subclpuse 6.4.3 ig'invoked with luma4x4BlkIdx as the input and ( X, y ) assigned to ( xCol, yCol ) as the oufput.

Tablg 8-7 specifics the co-located macroblock address mbAddrCol, yM, and the variable vertMvScale in twjo steps:

1. §pecifieation of a macroblock address mbAddrX depending on PicCodingStruct( CyrrPic), and
RicCodingStruct( colPic ).

NOTE - It is not possible for CurrPic and colPic picture coding types to be either (FRM, AFRM) or (AFRM, FRM)
because these picture coding types must be separated by an IDR picture.

2. Specification of mbAddrCol, yM, and vertMvScale depending on mb field decoding flag and the variable
fieldDecodingFlagX, which is derived as follows.

- Ifthe macroblock mbAddrX in the picture colPic is a field macroblock, fieldDecodingFlagX is set equal to 1

- Otherwise (the macroblock mbAddrX in the picture colPic is a frame macroblock), fieldDecodingFlagX is set
equal to 0.

Unspecified values in Table 8-7 indicate that the value of the corresponding variable is not relevant for the current table
TOW.
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mbAddrCol is set equal to CurrMbAddr or to one of the following values.

mbAddrColl =2 * PicWidthInMbs * ( CurrMbAddr / PicWidthInMbs ) +

( CurrMbAddr % PicWidthInMbs ) + PicWidthInMbs * ( yCol / 8 ) (8-130)
mbAddrCol2 =2 * CurrMbAddr + (yCol / 8) (8-131)
mbAddrCol3 =2 * CurrMbAddr + bottom_field flag (8-132)
mbAddrCol4 = PicWidthinMbs * ( CurrMbAddr / ( 2 * PicWidthInMbs ) ) +
( CurrMbAddr % PicWidthInMbs ) (8-133)
mbAddrCel5 = CurrMbAddr / 2 (8{134)
mbAddrCel6 =2 * ( CurrMbAddr / 2 ) + ( ( topAbsDiffPOC < bottomAbsDiffPOC ) ?0: 1) (84135)
mbAddrCel7 =2 * ( CurrMbAddr /2 )+ (yCol/ 8) (84136)
Table 8-7 — Specification of mbAddrCol, yM, and vertMvScale
2 ||~
rl .2 oo
s | & g
Q 9 = | -
L |5 .
2| Sk £
= 28 <
S |k 28 2 . z
= = E =& E > s
FIID CurrMbAddr |yCol One To [One
FRM mbAddrColl [(2* yCol)% 16 Frm To [FId
FLD
0-}mbAddrCol2 |(2 *yCol) % 16 Frm To |FId
AKRM | 2*CurrMbAddr
1 |mbAddrCol3 |yCol One To |One
k 1 1 0,
rilp mbAddrCol4 8 (* (CurrMbAddr / PicWidthInMbs ) % 2) FId_To_frm
FRM +4*(yCol/8)
FRM CurrMbAddr |yCol One To [One
0 mbAddrCol5 |8 * ( CurrMbAddr % 2)+4 * (yCol / 8) Fld To Frm
FUD
1 mbAddrCol5 |yCol One To [One
0 |CurrMbAddr |yCol One To One
AFRM CurrMbAddr 0
1 |mbAddrCol6 |8 * (CurrMbAddr%2)+4* (yCol/8) |Fld To Frm
AFRM
0 |mbAddrCol7 |(2*yCol)% 16 Frm To Fld
CurrMbAddr 1
1 | CurrMbAddr |yCol One To One

Let mbPartldxCol be the macroblock partition index of the co-located partition and subMbPartldxCol the sub-
macroblock partition index of the co-located sub-macroblock partition. The partition in the macroblock mbAddrCol
inside the picture colPic covering the sample ( xCol, yM ) shall be assigned to mbPartldxCol and the sub-macroblock
partition inside the partition mbPartldxCol covering the sample ( xCol, yM ) in the macroblock mbAddrCol inside the
picture colPic shall be assigned to subMbPartldxCol.
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The prediction utilization flags predFlagLOCol and predFlagL1Col are set equal to PredFlaglLO[ mbPartldxCol ] and
PredFlagL1[ mbPartldxCol ], respectively, which are the prediction utilization flags that have been assigned to the

macr

oblock partition mbAddrCol\mbPartldxCol inside the picture colPic.

The motion vector mvCol and the reference index refldxCol are derived as follows.

If the macroblock mbAddrCol is coded in Intra macroblock prediction mode or both prediction utilization flags,

predFlagL0Col and predFlagl.1Col are equal to 0, both components of mvCol are set equal to 0 and refldxCol is set
equal to —1.

8.4.1
This

Inputj
Outp

partition motion vector count subMvCnt, and the prediction list utilization flags, predFlagl.0 and predFlagl]

The
folloy

1. 1

2. 1
1
y

]
1
y

N

mpcroblock-partitions of a macroblock.

Otherwise, the following applies.

If predFlagL0Col is equal to 1, the motion vector mvCol and the reference index refldxCol are set equal to

MvLO[ mbPartldxCol || subMbPartldxCol | and RetldxLO[ mbPartldxCol |, respectively, which a
vector mvLO and the reference index refldxLLO that have been assigned to the (sub-)macrob)
mbAddrCol\mbPartldxCol\subMbPartldxCol inside the picture colPic.

Otherwise (predFlagl0Col is equal to 0 and predFlagl.1Col is equal to 1), the motioh yector n
reference  index refldxCol are set equal to MvLI1[ mbPartldxCol][,subMbPartld
RefldxL1[ mbPartldxCol ], respectively, which are the motion vector mvL1 and th@teference index
have been assigned to the (sub-)macroblock partition mbAddrCol\mbPartldxCol\subMbPartIdx(
picture colPic.

2.2 Derivation process for spatial direct luma motion vector and refefence index prediction mod
brocess is invoked when direct_spatial mv_pred_flag is equal to 1 and.any of the following condition
mb_type is equal to B_Skip

mb_type is equal to B_Direct 16x16

sub_mb_type[ mbPartldx ] is equal to B_Direct 8x8
5 to this process are mbPartldx, subMbPartldx.

its of this process are the reference indices reffdxL0, refldxL1, the motion vectors mvL0O and m

eference indices refldxLO and refldxL.1and the variable directZeroPredictionFlag are derived by
ving ordered steps.

et the variable currSubMbType be sét equal to sub_mb_type[ mbPartldx ].

'he process specified in subetause 8.4.1.3.2 is invoked with mbPartldx = 0, subMbPartldx = 0, currSul
st suffix LO as input and the-output is assigned to the motion vectors mvLON and the reference indi
vith N being replaced bytA, B, or C.

'he process specified-in subclause 8.4.1.3.2 is invoked with mbPartldx = 0, subMbPartldx = 0, currSul
st suffix L1 astinput and the output is assigned to the motion vectors mvL1N and the reference indi
vith N beingteplaced by A, B, or C.

DTE — The motion vectors mvLON, mvLIN and the reference indices refldxLON, refldxLIN are identical f]

e the motion
lock partition

vCol and the
IxCol] and
refldxL1 that
lol inside the

1S true.

vL1, the sub-
1.

applying the

MbType, and
es refldxLON

MbType, and
es refldxL1IN

br all 4x4 sub-

4. Thexeference indices refldxL0, refldxL.1, and directZeroPredictionFlag are derived by
refldxL.O0 = MinPositive( refldxLOA, MinPositive( refldxLOB, refldxLOC ) ) (8-137)
refldxLL1 = MinPositive( refldxLL1A, MinPositive( refldxL1B, refldxL1C ) ) (8-138)
directZeroPredictionFlag = 0 (8-139)

where
MinPositive( x,y ) = Min(x,y) - if x >= .0 and y >=0 (8-140)
Max(x,y) otherwise

5.  When both reference indices refldxL0 and refldxL1 are less than 0,
refldxLLO =0 (8-141)
refldxLL1 =0 (8-142)
directZeroPredictionFlag = 1 (8-143)
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The process specified in subclause 8.4.1.2.1 is invoked with mbPartldx, subMbPartldx given as input and the output is
assigned to refldxCol and mvCol.

The variable colZeroFlag is derived as follows.

- Ifall of the following conditions are true, colZeroFlag is set equal to 1.
- the reference picture referred by RefPicList1[0] is a short-term reference picture
- refldxCol is equal to 0

- both motion vector components mvCol[ 0 ] and mvCol[ 1 ] lie in the range of -1 to 1 in units specified as
follows.

- If the colocated macroblock i1s a frame macroblock, the units of mvCol[ 0 | and mvCol[ 1 | are unfits of
gparter luma frame samples.

- Qtherwise (the colocated macroblock is a field macroblock), the units of mvCol[ 0 ] and mvCol[| 1] arq units
of quarter luma field samples.

NOTE - Fdr purposes of determining the condition above, the value mvCol[ 1 ] is not scaled to use the unit§-ef a motion vector for
the current]macroblock in cases when the current macroblock is a frame macroblock and the colocatedymacroblock is 4 field
macrobloclf or when the current macroblock is a field macroblock and the colocated macroblock is\a/frame macroblock.| This
aspect diffgrs from the use of mvCol[ 1 ] in the temporal direct mode as specified in subclause 8.4/1,2.3, which applies scaling to
the motion|vector of the colocated macroblock to use the same units as the units of a motion ¥ector for the current macroplock,
using Equation 8-146 or Equation 8-147 in these cases.

- Otherwisp, colZeroFlag is set equal to 0.

The motion vg¢ctors mvLX (with X being 0 or 1) are derived as follows.

- Ifany of the following conditions is true, both components of the motieh vector mvLX are set equal to 0.
- direct4eroPredictionFlag is equal to 1
- refldxILX is less than 0
- refldxIL.X is equal to 0 and colZeroFlag is equal to 1

- Otherwisel the process specified in subclause 8.4.1.3.ds invoked with mbPartldx = 0, subMbPartldx = 0, refldxLX,
and list suffix LX as the input and the output is assigned to mvLX.

NOTE — In the immediately above case,_the returned motion vector mvLX is identical for all 4x4 sub-macr¢block
partitions of a macroblock.

The prediction utilization flags predFlagl.0.and'predFlagl1 shall be derived as specified using Table 8-8.

Table 8-8 — Assignment of prediction utilization flags

rpfldxL0 refldxL1 predFlagl0 predFlagL1
=0 >=() 1 1
=0 <0 1 0
0 >=0 0 1

. TNt oo e ] £.1
The variable subMvEntts-dertved-astotows:

- If subMbPartldx is not equal to 0 or direct 8x8 inference flag is equal to 0, subMvCnt is set equal to 0.

- Otherwise (subMbPartldx is equal to 0 and direct 8x8 inference flag is equal to 1), subMvCnt is set equal to

predFlagl0 + predFLagL1.

8.4.1.2.3 Derivation process for temporal direct luma motion vector and reference index prediction mode
This process is invoked when direct spatial mv_pred_flag is equal to 0 and any of the following conditions is true.
- mb_type is equal to B_Skip
- mb_type is equal to B_Direct 16x16
- sub_mb_type[ mbPartldx ] is equal to B_Direct 8x8.

122 © ISO/IEC 2004 — All rights reserved


https://iecnorm.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

Inputs to this process are mbPartldx and subMbPartldx.

Outputs of this process are the motion vectors mvL0 and mvL1, the reference indices refldxLL0 and refldxL1, and the
prediction list utilization flags, predFlagL0 and predFlagL1.

The process specified in subclause 8.4.1.2.1 is invoked with mbPartldx, subMbPartldx given as input and the output is
assigned to colPic, mbAddrCol, mvCol, refldxCol, and vertMvScale.

The reference indices refldxLL0 and refldxL1 are derived as follows.

Let r¢fPicCol be a frame, a field, or a complementary field pair that was referred by the reference(index rg
deco
specified as follows.

refldxL0 = ( ( refldxCol <0 ) ? 0 : MapColToListO( refldxCol ) )
refldxL1 =0

N| - € cuirent mMacroblock IS a 1ield macroblock, relldxLU and refldxLl index a Iist of 1ields; Otherw
croblock is a frame macroblock), refldxLL0O and refldxL1 index a list of frames or complementary reference field

ling the co-located macroblock mbAddrCol inside the picture colPic. The function MapCQlToListO(

IflvertMvScale is equal to One_To_One, the following applies.
-| Iffield pic_flag is equal to 0 and the current macroblock is a field macroblo¢k,’the following appli

- Let refldxLOFrm be the lowest valued reference index in the current-reference picture list Rg
references the frame or complementary field pair that containg”the field refPicCol. Ref]
contain a variable PicNum or LongTermPicNum that references the frame or complemen|
that contains refPicCol. The return value of MapColToList0¢) is specified as follows.

- If the field referred to by refldxCol has‘.the same parity as the current
MapColToList0( refldxCol ) returns the referenice index ( refldxLOFrm << 1).

- Otherwise (the field referred by refldx€ol has the opposite parity of the current
MapColToListO( refldxCol) returns thesreference index ( ( refldxLOFrm << 1)+ 1).

-| Otherwise (field pic flag is equal to 1 or thig current macroblock is a frame macroblock), M4
refldxCol ) returns the lowest valued reference index refldxLO in the current reference picture li
that references refPicCol. RefPicList0-shall contain a variable PicNum or LongTermPicNum t
refPicCol.

Otherwise, if vertMvScale is equal to,Ftrm To_Fld, the following applies.

-| If field pic flag is equal to 05 let refldxLOFrm be the lowest valued reference index in the cur
index list RefPicList0 that*references refPicCol. MapColToList0( refldxCol ) returns the re
( refldxLOFrm << 1 ). .RefPicList0 shall contain a variable PicNum or LongTermPicNum t
refPicCol.

-| Otherwise (field \pic flag is equal to 1), MapColToListO( refldxCol ) returns the lowest valued r¢
refldxL0 inthe-Current reference picture list RefPicListO that references the field of refPicCol

references the field of refPicCol with the same parity as the current picture CurrPic.

Otherwise (vertMvScale is equal to Fld To Frm), MapColToList0( refldxCol ) returns the lowest va
indexX refldxL0 in the current reference picture list RefPicList0 that references the frame or complemer

(8-144)
(8-145)

jse (the current
pairs.

fldxCol when
refldxCol ) is

ES.

fPicList0 that
PicList0 shall
tary field pair

macroblock,

macroblock),

pColToList0(
it RefPicList0
hat references

rent reference
ference index
1at references

ference index
vith the same

parity as-the*current picture CurrPic. RefPicList0 shall contain a variable PicNum or LongTermPicNum that

ued reference
tary field pair

thiat ‘contains refPicCol. RefPicl.ist0 shall contain a variable PicNum or LongTermPicNum that referern

ces the frame

or complementary field pair that contains refPicCol.

NOTE — A decoded reference picture that was marked as "used for short-term reference" when it was referenced in the
decoding process of the picture containing the co-located macroblock may have been modified to be marked as "used
for long-term reference" before being used for reference for inter prediction using the direct prediction mode for the

current macroblock.

Depending on the value of vertMvScale the vertical component of mvCol is modified as follows.

If vertMvScale is equal to Frm_To_Fld
mvCol[ I ]=mvCol[ 1]/2

Otherwise, if vertMvScale is equal to Fld To Frm
mvCol[ 1 ]=mvCol[ 1] *2
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- Otherwise

The variables

(vertMvScale is equal to One_To_One), mvCol[ 1 ] remains unchanged.

currPicOrField, pic0, and picl, are derived as follows.

— Iffield pic_flag is equal to 0 and the current macroblock is a field macroblock, the following applies.

—  currP

icOrField is the field of the current picture CurrPic that has the same parity as the current macroblock.

—  picl is the field of RefPicList1[0] that has the same parity as the current macroblock.

—  Let frame0 be the frame or complementary field pair that is referred to by RefPicListO[ refldxL0 /2 ].

—  The variable pic0 is derived as follows.

—If refldxLO % 2 is equal to 0, picO is the field of frame0 that has the same parity as the current macroblock.

—Oth

— Otherwise
current pi
reference

The two moti
follows:

—  If the re
motion V|

mvL|
mvL|

—  Otherwig
located §

tx=
DistS
mvL
mvL
wher
tb =

td=

prwise (refldxL0 % 2 is not equal to 0), picO is the field of frame0 that has the opposite parity of the.c
macroblock.

(field pic_flag is equal to 1 or the current macroblock is a frame macroblock), currPicOrField
ture CurrPic, picl is the decoded reference picture referred to by RefPicListl[ 0 ], and picO-is the de
picture referred to by RefPicListO[ refldxLO0 ].

bn vectors mvL0O and mvL1 for each 4x4 sub-macroblock partition of the current macroblock are deriy

NOTE — It is often the case that many of the 4x4 sub-macroblock partitions share the same motion vecto

alues in larger units than 4x4 luma sample blocks. For example, when direct/8x8 “inference flag is equal to 1, ¢
bach 8x8 luma sample quadrant of the macroblock shares the same motion v€ctors and reference pictures.

ference index refldxLO refers to a long-term picture, or DiffPicOrderCnt( picl, picO ) is equal to
ectors mvL0, mvL1 for the direct mode partition are derived by

D = mvCol (8;
| =0 (8;

e, the motion vectors mvL0, mvL1 are derivéd*as scaled versions of the motion vector mvCol of tH
nb-macroblock partition as specified beloyw(see Figure 8-2)

16384 + Abs(td/2))/td (81
caleFactor = Clip3( -1024, 1023;\¢tb *tx +32)>>6) (8
D = ( DistScaleFactor * mvCol + 128 ) >> 8 (8
| = mvLO — mvCol (8
e tb and td arexderived as follows.

Clip3( -128, 127, DiffPicOrderCnt( currPicOrField, pic0 ) ) (8
Clip3(-+128, 127, DiffPicOrderCnt( picl, pic0 ) ) (8;

irrent

s the
toded

ed as

s and

eference pictures. In these cases, temporal direct mode motion compensation can €alculate the inter prediction qample

t least

, the

148)
149)

€ COo-

150)
151)
152)

153)

154)

155)

NOTE - mvL0 and mvL1 cannot exceed the ranges specified in Annex A.

The prediction utilization flags predFlaglL0 and predFlagl.1 are both set equal to 1.

Figure 8-2 illustrates the temporal direct-mode motion vector inference when the current picture is temporally between
the list O reference picture and the list 1 reference picture.
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Figure 8-2 —Example for temporal direct-mode motion vector inference. (informative)

3 Derivation process for luma motion vector prediction

5 to this process are

he macroblock partition index mbPartldx,

he sub-macroblock partition index subMbPartldx,

st suffix LX,

he reference index of the current partition refldxLX.

it of this process is the prediction mvpLX of the motion vector mvLX.
irrSubMbType be set equal to sub_mb_type[ mbPartldx ].

lerivation process for the neighbouring blocks for motion data in subclause 8.4.1.3.2 is invoked wi
bPartldx, currSubMbType, and list suffix LX as the input and with mbAddrN\mbPartIdxN\sul
nce indices refldxLXN and the motion vectors mvLXN with N being replaced by A, B, or C as the ou

derivation process for median’ luma motion vector prediction in subclause 8.4.1.3.1 is
1drN\mbPartIldxN\subMbPartldxN, mvLXN, refldxLXN with N being replaced by A, B, or C and re|
and mvpLX as the output; unless one of the following is true.

bPartWidth( mb_type))* is equal to 16, MbPartHeight( mb_type ) is equal to 8, mbPartldx is eq
fIdxLXB is equal(toyrefldxLX,

mvpLX =mvLXB

bPartWidth( mb_type ) is equal to 16, MbPartHeight( mb_type ) is equal to 8, mbPartldx is eq
fIdx[5XA is equal to refldxLX,

th mbPartldx,
bMbPartIdxN,
tput.

nvoked with
fIdxLLX as the

ual to 0, and

(8-156)

ual to 1, and

mvpLX = mvLXA

(8-157)

MbPartWidth( mb_type ) is equal to 8, MbPartHeight( mb_type ) is equal to 16, mbPartldx is equal to 0, and
refldxLXA is equal to refldxLX,

mvpLX = mvLXA

(8-158)

MbPartWidth( mb_type ) is equal to 8, MbPartHeight( mb_type ) is equal to 16, mbPartldx is equal to 1, and
refldxLXC is equal to refldxLX,

mvpLX = mvLXC

Figure 8-3 illustrates the non-median prediction as described above.
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816 16*8

Figure 8-3 — Directional segmentation prediction (informative)

8.4.1.3.1 Der
Inputs to this
- the neighb
- the motiof
- the referer
- the referer

Output of this

The variable I:VpLX is derived as follows:

- When bo
available 4

ivation process for median l[uma motion vector prediction

process are

ouring partitions mbAddrN\mbPartIdxN\subMbPartIdxN (with N being replaced by A, B, orC),
vectors mvLXN (with N being replaced by A, B, or C) of the neighbouring partitions,

ce indices refldxLXN (with N being replaced by A, B, or C) of the neighbouring pattitions, and
ce index refldxLX of the current partition.

process is the motion vector prediction mvpLX.

partitions mbAddrB\mbPartldxB\subMbPartldxB and mbAddrC\mbPartldxC\subMbPartldxC ar]
nd mbAddrA\mbPartldxA\subMbPartldxA is available,

£ not

mvLXB = mvLXA (84160)

mvLX[C = mvLXA (84161)

refldxL XB = refldxLXA (84162)

refldxL XC = refldxLXA (84163)
- Depending on reference indices refldxLXA,(refldxLXB, or refldxLXC, the following applies.

- If one pnd only one of the referenc€ indices refldxLXA, refldxLXB, or refldxLXC is equal to the reference [index
refldxILX of the current partition, the following applies. Let refldxLXN be the reference index that is eqpal to
refldxIL X, the motion vector myvLXN is assigned to the motion vector prediction mvpLX:
mvpLX = mvLXN (8{164)

- Otherwise, each component of the motion vector prediction mvpLX is given by the median of the correspopding
vector components of the motion vector mvLXA, mvLXB, and mvLXC:
mvpLX[0,]="Median( mvLXA[ 0 ], mvLXB[ 0 ], mvLXC[0]) (84165)
mvpLX[ 1 ] =Median( mvLXA[ 1 ], mvLXB[ 1 ], mvLXC[1]) (8-166)

8.4.1.3.2 Derivation process for motion data of neighbouring partitions

Inputs to this process are

the macroblock partition index mbPartldx,

the sub-macroblock partition index subMbPartldx,

- the current sub-macroblock type currSubMbType,

- the list suffix LX

126
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Outputs of this process are (with N being replaced by A, B, or C)

mbAddrN\mbPartldxN\subMbPartldxN specifying neighbouring partitions,
the motion vectors mvLXN of the neighbouring partitions, and

the reference indices refldxLXN of the neighbouring partitions.

The partitions mbAddrN\mbPartldxN\subMbPartIdxN with N being either A, B, or C are derived in the following
ordered steps.

1.
2.

The 1potion vectors mvLXN and reference indices refldxLXN (with N being A, Bsor C) are derived as follg

Let mbAddrD\mbPartIldxD\subMbPartldxD be variables specifying an additional neighbouring partition

The process in subclause 6.4.7.5 is invoked with mbPartldx, currSubMbType, and subMbPartldx as inp

otitput is assigned to mbAddrN\mbPartIdxN\subMbPartIdxN with N being replaced by A, B, C, or D.
When the partition mbAddrC\mbPartldxC\subMbPartIdxC is not available, the following applies
mbAddrC = mbAddrD
mbPartldxC = mbPartldxD
subMbPartldxC = subMbPartldxD

If| the macroblock partition or sub-macroblock partition mbAddrN\mbPaitldXN\subMbPartIldxN is nd

bAddrN is coded in Intra prediction mode or predFlagLX of mbAddtN\mbPartldxN\subMbPartldxN
th components of mvLXN are set equal to 0 and refldxLXN is set equal to —1.

therwise, the following applies.

-| The motion vector mvLXN and refereice index  refldxXLXN  are  set
MvLX[ mbPartldxN ][ subMbPartldxN | and RefldxLX[ mbPartIldxN ], respectively, which are the
mvLX and reference index refldxLX that . have been assigned to the (sub-)macrobl
mbAddrN\mbPartIdxN\subMbPartIdxN.

- | The variables mvLXN][ 1 ] and refldxLXN arefurther processed as follows.

- If the current macroblock is a field\macroblock and the macroblock mbAddrN is a frame macroj
mvLXN[1]=mvLXN[1]/2
refldxLXN = refldx LXN*@2

- Otherwise, if the current macroblock is a frame macroblock and the macroblock mbAdd
macroblock

mvLXN[ 1 ]EmvLXN[1]*2
refldxIZXN = refldxLXN / 2

- Otherwise, the vertical motion vector component mvLXN[ 1 ] and the reference index refld|
unchanged.

t and the
(8-167)
(8-168)
(8-169)

WS.

t available or
is equal to 0,

equal  to
motion vector
bck  partition

lock
(8-170)

(8-171)

rN is a field

(8-172)
(8-173)

K[LXN remain

8.4.1.4 Derivation process for chroma motion vectors

Inputs to this process are a luma motion vector mvLX and a reference index refldxLX.

Outputs of this process are a chroma motion vector mvCLX.

A chroma motion vector is derived from the corresponding luma motion vector. Since the accuracy of luma motion
vectors is one-quarter sample and chroma has half resolution compared to luma, the accuracy of chroma motion vectors
is one-eighth sample, i.e., a value of 1 for the chroma motion vector refers to a one-eighth sample displacement.

NOTE - For example when the luma vector applies to 8x16 luma samples, the corresponding chroma vector applies to 4x8 chroma
samples and when the luma vector applies to 4x4 luma samples, the corresponding chroma vector applies to 2x2 chroma samples.

© ISO/IEC 2004 — All rights reserved
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For the derivation of the motion vector mvCLX, the following applies.

8.4.2  Decqdding process for Inter prediction samples

Inputs to this process are

- prediction list utilization flags, predFlagl.0 and predFlagl1

Outputs of thik process are

a macroblodk partition mbPartldx,

a sub-macrdblock partition subMbPartIdx.

variables specifying partition width and height, partWidth and partHeight

luma motiof vectors mvL0 and mvL1 and chdema motion vectors mvCL0 and mvCL1

reference indices refldxL0 and refldxL1

If the current macroblock is a frame macroblock, the horizontal and vertical components of the chroma motion
vector mvCLX are derived by multiplying the corresponding components of luma motion vector mvLX by 2,
through mapping one-quarter sample mvLX units to one-eighth sample mvCLX units

mvCLX[ 0 ] =mvLX[ 0 ] (8-174)
mvCLX[ 1 ]=mvLX[ 1] (8-175)

Otherwise (the current macroblock is a field macroblock), only the horizontal component of the chroma motion
vector mvCLX[ 0] is derived using Equation 8-174. The vertical component of the chroma motion vector
mvCLX][ 1 ]is dependent on the parity of the current field or the current macroblock and the reference picture, which
is referredl by the reference index refldxLX. mvCLX] 1 ] is derived from mvLX] 1 ] according to Table 8-9.

Tjable 8-9 — Derivation of the vertical component of the chroma vector in field coding mode

Parity conditions mvCLX][ 1]
Reference picture (refldxLX) Current field (picture/macroblock)

Top field Bottom field mvhX[1]+2
Bottom field Top field mvLX[1]-2
Otherwise mvLX[ 1]

- the Inter pfediction samples’ predPart, which are a (partWidth)x(partHeight) array predPart, of prediction |luma

samples, gnd two (partWidth/2)x(partHeight/2) arrays predPartcy,, predPartc, of prediction chroma samples, ope for
each of th¢ chroma eomponents Cb and Cr.

Let predPartlj0; andpredPartL1; be (partWidth)x(partHeight) arrays of predicted luma sample values and predPar{LOcy,
predPartL1cy,| prédPartLOc,, and predPartL1c, be (partWidth/2)x(partHeight/2) arrays of predicted chroma sample vglues.

For LX being replaced by either LO or L1 in the variables predFlagLX, RefPicListX, refldxLX, refPicLX, predPartLX,
the following is specified.

When predFlagLX is equal to 1, the following applies.

The reference frame consisting of an ordered two-dimensional array refPicLX; of luma samples and two ordered
two-dimensional arrays refPicL X, and refPicLX, of chroma samples is derived by invoking the process specified
in subclause 8.4.2.1 with refldxLLX and RefPicListX given as input.

The arrays predPartLX,, predPartLXcy,, and predPartLXc, are derived by invoking the process specified in subclause
8.4.2.2 with the current partition specified by mbPartldx\subMbPartldx, the motion vectors mvLX, mvCLX, and the
reference arrays with refPicL.X, refPicL Xy, and refPicLXc, given as input.
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For C being replaced by L, Cb, or Cr, the array predPartc of the prediction samples of component C is derived by
invoking the process specified in subclause 8.4.2.3 with the current partition specified by mbPartldx and subMbPartldx
and the array predPartLOc and predPartL 1. as well as predFlagl.0 and predFlagl.1 given as input.

8.4.2.

Input

1 Reference picture selection process

to this process is a reference index refldxLX.

Output of this process is a reference picture consisting of a two-dimensional array of luma samples refPicLX; and two
two-dimensional arrays of chroma samples refPicLXc, and refPicLXc,.

Reference picture list RefPicListX is a list of variables PicNum (for short-term reference pictures) and LongTermPicNum

(for 1

ng-term reference pictures) of previously decoded reference frames, complementary reference field

pairs, or non-

paire
Depe

If
Iq

g
d

The 1

For tl

If]
P
rd

 reference fields that have been marked as “used for reference” as specified in subclause 8.2.5.
nding on field pic flag, the meaning of PicNum and LongTermPicNum is specified as follows.

field pic flag is equal to 1, all entries of the RefPicListX are variables PicNum and LongTermPicNy
ference fields or fields of decoded reference frames.

therwise (field pic_flag is equal to 0), all entries of RefPicListX are variables Pi¢Num and LongTe
pcoded reference frames or complementary reference field pairs.

eference picture list RefPicListX is derived as specified in subclause 8.2.4,
e derivation of the reference picture, the following applies.

field pic flag is equal tol, the reference field or, “field of a reference frame
ference field or field of a reference frame consists of a (PicWidthInSamples; )x(PicHeightInSamples; )
mples refPicLX; and two (PicWidthInSamplesc)x(PicHeightInSamplesc) arrays of chroma samples rg

fPiCLXCr.
therwise (field pic_flag is equal to 0), the following\applies.

If the current macroblock is a frame macroblock, the reference frame or complementary refere
referred by PicNum = RefPicListX[ refldxLX | or LongTermPicNum = RefPicListX[ refldxLX ]
output. The output reference fiame or complementary reference field pair cof
(PicWidthInSamples; )x(PicHeightInSamples;)  array  of luma  samples  refPicLX;

Otherwise (the current macrgbléck is a field macroblock), the following applies.

Let refFrame be the reference frame or complementary reference field pair that is
PicNum = RefPieLlistX[ refldxL.X /2 ] or LongTermPicNum = RefPicListX[ refldxLX /2 ].

The field of tefFrame is selected as follows.

If refldxL.X % 2 is equal to 0, the field of refFrame that has the same parity as the current ma
be-the output.

Otherwise (refldxLX % 2 is equal to 1), the field of refFrame that has the opposite parity
macroblock shall be the output.

(PicWidthInSamplesc)x(PicHeightInSamplesc) arrays of chroma samples refPicLXy, and refPicLXdf.

m of decoded

rmPicNum of

referred by

cNum = RefPicListX[ refldxLX ] or LongTermPicNum = RefPiclistX[ refldxLX ] shall be the outpyit. The output

array of luma
ﬂ)iCLXCb and

nce field pair
shall be the
isists  of a

and two

referred by

croblock shall

as the current

frame
refPicLX,

reference
luma samples

of
array

The output  reference field or field
(PicWidthInSamples; )x(PicHeightInSamples; /2)

a
of

consists

of
and

a
two

(PicWidthInSamplesc)x(PicHeightInSamplesc/2) arrays of chroma samples refPicLX¢, and refPicLXc,.

The reference picture sample arrays refPicLX, refPicLXcy, refPicL X, correspond to decoded sample arrays S;, Scy, Sc;
derived in subclause 8.7 for previous decoded pictures.

8.4.2.

2 Fractional sample interpolation process

Inputs to this process are

the width and height partWidth, partHeight of this partition in luma-sample units,

© ISO/IEC 2004 — All rights reserved
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a luma m

a chroma

Outputs of thi

otion vector mvLX given in quarter-luma-sample units,

motion vector mvCLX given in eighth-chroma-sample units, and

the selected reference picture sample arrays refPicLX, refPicL Xy, and refPicL X

S process are

a (partWidth)x(partHeight) array predPartL.X; of prediction luma sample values and

two (partWidth/2)x(partHeight/2) arrays predPartL Xy, and predPartL X, of prediction chroma sample values.

Let ( xAL, yAL ) be the location given in full-sample units of the upper-left luma sample of the current partition given by

mbPartIdx\su
samples.

Let ( xInt;, ylnt; ) be a luma location given in full-sample units and ( xFrac;, yFrac; ) be an offset givemin qu

sample units.
the reference

For each lun
predLX,, the

xInt
yInt

xFr:
yFr

MbPartldx relative to the upper-left luma sample location of the given two-dimensional array of

luma

These variables are used only inside this subclause for specifying general fractional-sample-locations
sample arrays refPicLX, refPicL Xy, and refPicLXc;.

a sample location (0 <=xp < partWidth, 0 <=y; <partHeight) inside the prediction Tuma sample
corresponding predicted luma sample value predLX [ xr, yr ] is derived as follows:

L:XAL+(mVLX[0]>>2)+XL (8'
L =YAL+(mvLX[1]>>2)+y. (8
e =mvLX[0] &3 (8
e =mvLX[1]&3 (8

The pre
with ( xI

Let (xIntc, y
sample units.
the reference

For each chrd
arrays predPa
predPartLXc,

xInt
yInt

xFr:
yFr

The pred
84222

The pred
84222

ction sample value predLX;[ x, y. ] is derived by invoking the process specified in subclause 8.4
t., yInt, ), ( xFracy, yFrac, ) and refPicLX; given as input.

tc ) be a chroma location given in full-sample unitssand ( xFracc, yFracc ) be an offset given in one-
These variables are used only inside this subclause, for specifying general fractional-sample locations
sample arrays refPicL X, and refPicLXc;.

ma sample location (0 <= x¢ < partWidth/2; 0 <=y < partHeight/2) inside the prediction chroma s
rtLXc, and predPartLXc,, the correspohding prediction chroma sample values predPartLXcy[ Xc, yc
Xc, Yc ] are derived as follows:

c=(xA.>>1)+ (mvCLX[.0J>>3 )+ xc (8;
L = (yAL>> 1)+ (mvCLX[ '] >>3) + yc (8
icc = mvCLX[ 0 ] &7 (84
icc = mvCLX[ 1 &7 (81

iction samplevvalue predPartLXc,[ Xc yc] is derived by invoking the process specified in subg
with ( xIntey yinte ), ( xFrace, yFracc ) and refPicL X, given as input.

ictionr sample value predPartLXc[ xc, yc] is derived by invoking the process specified in subq
with (XIntc, yIntc ), ( xFracc, yFracc ) and refPicLX(, given as input.

arter-
nside

array

176)
177)

178)
179)

221

ighth
nside

ymple
| and

180)
181)

182)
183)

lause

lause

8.4.2.2.1 Luma sample interpolation process

Inputs to this process are

a luma lo

a luma lo

the luma

Output of this

130

cation in full-sample units ( xInt;, yInt; ),
cation offset in fractional-sample units ( xFrac;, yFrac; ), and
sample array of the selected reference picture refPicLX,

process is a predicted luma sample value predPartLX; [ x;, y. |-
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Figure 8-4 — Integer samples (shaded blocks with upper-case letters) and fractional sample positionq (un-shaded

The
folloy

In Fi
locat
the p
samp)|
of lut

blocks with lower-case letters) for)quarter sample luma interpolation.

ariable refPicHeightEffective;, which is the ‘height of the effective reference picture luma array,
VS.

f MbaffFrameFlag is equal to 0 or mb* field decoding_flag is equal to 0, refPicHeightEffective, i
PicHeightInSamples; .

Dtherwise (MbaffFrameFlag is €qual to 1 and mb_field decoding_ flag is equal to 1), refPicHeightE{
pqual to PicHeightInSample§; /2.

bure 8-4, the positions labelled with upper-case letters within shaded blocks represent luma samples
ons inside the given two-dimensional array refPicLX; of luma samples. These samples may be used
Fedicted luma sample value predPartLX[ x;, y. |. The locations ( xZ;, yZ; ) for each of the corres|
les Z, where Zmay be A,B,C,D,E,F,G,H,LJ, K, L, M, N, P, Q, R, S, T, or U, inside the given ar
ha samplesare-derived as follows:

xZ.=Clip3( 0, PicWidthInSamples; — 1, xInt; + xDZ; )

is derived as
s set equal to

fectiver is set

at full-sample
for generating
ponding luma
ray refPicLX;

yZ;= Clip3( 0, refPicHeightEffective, — 1, yInt; + yDZ; ) (8-184)
Table 8-10 specifies ( xDZ;, yDZ; ) for different replacements of Z.
Table 8-10 — Differential full-sample luma locations
Z A |B |C |D |E |F |G |H |I J K |L |[M|N|P |Q |R |S |T |U
xDZ; | 0 1 0 1 2 /-1 10 1 2 |3 2 1-1 10 1 2 |3 0 1 1
yDZy |2 |2 |-1 |-1 |O |O |O |O 0 10 1 1 1 1 1 1 2 2 3 3
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Given the luma samples ‘A’ to ‘U’ at full-sample locations ( XA, yAr ) to (xUy, yUy ), the luma samples ‘a’ to ‘s’ at
fractional sample positions are derived by the following rules. The luma prediction values at half sample positions shall
be derived by applying a 6-tap filter with tap values ( 1, -5, 20, 20, -5, 1 ). The luma prediction values at quarter sample
positions shall be derived by averaging samples at full and half sample positions. The process for each fractional position
is described below.

— The samples at half sample positions labelled b shall be derived by first calculating intermediate values denoted as b,
by applying the 6-tap filter to the nearest integer position samples in the horizontal direction. The samples at half
sample positions labelled h shall be derived by first calculating intermediate values denoted as h; by applying the 6-
tap filter to the nearest integer position samples in the vertical direction:

by=(E-5*F+20*G+20*H-5*1+1J) (8-185)
h=(K-3FCF20FGF20* M _3*R+T) (8186)

The final prediction values b and h shall be derived using:

b=Clipl((b, +16)>>5) (8{187)
h=Clpl((h +16)>>5) (8{188)

— The samples at half sample position labelled as j shall be derived by first calculating intermediate value denoted as j;
by applyinlg the 6-tap filter to the intermediate values of the closest half sample positiens in either the horizontal or
vertical difection because these yield an equal result.

ji=ccl-5%*dd+20*h; +20*m; -5 *ee + ff, or (8{189)
ji=aal-5*bb+20*b;+20*s; —5*gg+hh (84190)

where intgrmediate values denoted as aa, bb, gg, s, and hh shall be deriyed by applying the 6-tap filter horizontdlly in
the same manner as the derivation of b; and intermediate values denoted as cc, dd, ee, m; and ff shall be derived by
applying the 6-tap filter vertically in the same manner as the derivation of hy. The final prediction value j shhll be
derived usiing:

i=Clipl((j; +512)>>10) (8{191)

— The final prediction values s and m shall be derivedfrom s; and m; in the same manner as the derivation of b 4nd h,
as given by:

s =Clfpl((s; +16)>>5) (8{192)
m=Clipl((m, +16)>>5) (8{193)

— The samples at quarter sample positions labelled as a, ¢, d, n, f, 1, k, and q shall be derived by averaging with upward
rounding ¢f the two nearest samples at integer and half sample positions using:

a=(g+b+1)>>1 (84194)
c=(H+b+1)>>]1 (84195)
d=(g+h+1)>x1 (81196)
n=(M+h+Iy>>1 (84197)
f=(bpjHl)>>1 (81198)
i=(hpyda)>1 (84199)
k=(j¥mm+1) T t8-200)
q=(j+s+1)>>1 (8-201)

— The samples at quarter sample positions labelled as e, g, p, and r shall be derived by averaging with upward rounding
of the two nearest samples at half sample positions in the diagonal direction using

e=(b+h+1)>1 (8-202)
g=(b+tm+1)>>1 (8-203)
p=(h+s+1)>>1 (8-204)
r=(m+s+1)>>1. (8-205)

The luma location offset in fractional-sample units ( xFracy, yFrac; ) specifies which of the generated luma samples at
full-sample and fractional-sample locations is assigned to the predicted luma sample value predPartL X[ x;, yi ]. This
assignment is done according to Table 8-11. The value of predPartLX, [ x;, y. | shall be the output.
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Table 8-11 — Assignment of the luma prediction sample predPartLX [ x;, yy. |

xFracp 0 0 0 0 1 1 1 1 2 2 2 2 3 3 3 3
yFracp 0 1 2 3 0 1 2 3 0 1 2 3 0 1 2 3
predPartLX [ x,yr] | G | d h n a e i p b f J q c g k r

8.4.2.

2.2 Chroma sample interpolation process

Inputs to this process are

-9
- 4
- d
Outp

In Fi
given

Fig

The 3
folloy

The 5
value

chroma location in full-sample units ( xIntc, ylntc ),

chroma location offset in fractional-sample units ( xFracc, yFracc ), and
hroma component samples from the selected reference picture refPicLXc.
it of this process is a predicted chroma sample value predPartLX[ x¢, yc |-

bure 8-5, the positions labelled with A, B, C, and D represent chroma samples, at* full-sample locati
two-dimensional array refPicLXc of chroma samples.

XFracy  8-xFraC«

8-yFrac,

position samples A, B, C, and D.

ariable refPicHeightEffectivec, “which is the height of the effective reference picture chroma array
VS.

f MbaffFrameFlag is equal to 0 or mb_field decoding_flag is equal to 0, refPicHeightEffectivec i
PicHeightInSamplesc.

Dtherwise (MbaffFrameFlag is equal to 1 and mb_field decoding_flag is equal to 1), refPicHeightEf
pqual to PicHeightInSamplesc / 2.

ample coordinates specified in Equations 8-206 through 8-213 are used for generating the predicted ¢|
predPartb X[ xc, yc |-

xAc= Clip3( 0, PicWidthInSamplesc — 1, xIntc )

bns inside the

pure 8-5 — Fractional sample position depéndent variables in chroma interpolation and surroundjing integer

is derived as
s set equal to

fectivec is set

hroma sample

(8-206)

xB¢ = Clip3( 0, PicWidthInSamplesc — 1, xIntc + 1 )

(8-207)

xCc = Clip3( 0, PicWidthInSamplesc — 1, xIntc )
xD¢ = Clip3( 0, PicWidthInSamplesc — 1, xIntc + 1)

yAc = Clip3( 0, refPicHeightEffectivec — 1, yIntc )
yBc = Clip3( 0, refPicHeightEffectivec — 1, yIntc )
yCc = Clip3( 0, refPicHeightEffectivec — 1, ylntc + 1)
yDc = Clip3( 0, refPicHeightEffectivec — 1, yIntc + 1)

(8-208)
(8-209)

(8-210)
(8-211)
(8-212)
(8-213)

Given the chroma samples A, B, C, and D at full-sample locations specified in Equations 8-206 through 8-213, the

predi

cted chroma sample value predPartLX¢[ xc, yc ] is derived as follows:
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predPartLX[ X¢, yc ] = (( 8 —xFracc ) * ( 8 — yFracc ) * A + xFracc * ( 8 — yFracc ) * B +

(8 —xFracc ) * yFracc * C + xFracc * yFracc * D +32)>>6 (8-

8.4.2.3 Weighted sample prediction process

Inputs to this process are

mbPartldx: the current partition given by the partition index
subMbPartldx: the sub-macroblock partition index

predFlagl0 and predFlagl1: prediction list utilization flags

214)

the chro

Outputs of thi

predPart]

predPart(
chroma ¢

For macroblo

If weigh
8.423.1

Otherwis
8.423.2

For macroblo

If weight
8.4.23.1

Otherwis
subclausg

Otherwis

If prg
subc

Othe
procg
in th

predPartlpXT—a{partWidthx(partHeight)array of prediction tumma sampies (with £Xbeing Teptaced by £0

dependinp on predFlagl0 and predFlagl1)
predPartll X, and predPartLX,: (partWidth/2)x(partHeight/2) arrays of prediction chroma samples, oh¢ for e3

a components Cb and Cr (with LX being replaced by L0 or L1 depending on predFlagl.0 and predFla
5 process are
- a (partWidth)x(partHeight) array of prediction luma samples and

L, and predPartc,: (partWidth/2)x(partHeight/2) arrays of prediction chroma samples, one for each
bmponents Cb and Cr.

Lks or partitions with predFlagL0 equal to 1 in P and SP slices, the following applies.

ed pred flag is equal to 0, the default weighted sample prediction process as described in subd
is invoked with the same inputs and outputs as the process described in this subclause.

e (weighted pred flag is equal to 1), the explicit weighted prediction process as described in subq
is invoked with the same inputs and outputs as the proeess described in this subclause.

ks or partitions with predFlagL0 or predFlagl1 equal’to 1 in B slices, the following applies.

ed bipred idc is equal to 0, the default weighted sample prediction process as described in subg
is invoked with the same inputs and outputs«as the process described in this subclause.

b
>

if weighted bipred idc is equal to 1) the explicit weighted sample prediction process as descril

e (weighted bipred idc is equal to 2), the following applies.

dFlagL0 is equal to 1 ahd predFlagL1 is equal to 1, the implicit weighted sample prediction as descril
ause 8.4.2.3.2 is invoked with the same inputs and outputs as the process described in this subclause.

ss as describedin subclause 8.4.2.3.1 is invoked with the same inputs and outputs as the process desd
s subclause:

8.4.2.3.1 Dei

Input to this

ult weighted sample prediction process

pr L1

ch of
bL1)

f the

lause

lause

lause

ed in

8.4.2.3.2, for macroblocks or partifions with predFlagl0 or predFlagl1 equal to 1 with the same {nputs
and outpyts as the process described in this/subclause.

ed in

Fwise (predFlaglL0-or predFlagll are equal to 1 but not both), the default weighted sample predjction

ribed

ocess are the same as specified in subclause 8.4.2.3.

Output of this

process are the same as specified in subclause 8.4.2.3.

Depending on the component for which the prediction block is derived, the following applies.

equal to 0 .. partWidth - 1, and y set equal to O .. partHeight - 1.

applies with C set equal to Cb, x set equal to 0 .. partWidth /2 - 1, and y set equal to O .. partHeight /2 - 1.

with C set equal to Cr, x set equal to 0 .. partWidth /2 - 1, and y set equal to O .. partHeight / 2 - 1.

The prediction sample values are derived as follows.

134

If the luma sample prediction values predPart; [ x, y | are derived, the following applies with C set equal to L, x set

Otherwise, if the chroma Cb component sample prediction values predPartcy[ X,y ] are derived, the following

Otherwise (the chroma Cr component sample prediction values predPartc,[ X, y ] are derived), the following applies
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- IfpredFlagLO is equal to 1 and predFlagL1 is equal to O for the current partition

predPartc[ x, y ] = predPartLO([ x, y | (8-215)
- Otherwise, if predFlagl0 is equal to 0 and predFlagL1 is equal to 1 for the current partition

predPartc[ x, y = predPartL1[ X, y ] (8-216)
- Otherwise (predFlaglL0 and predFlagL1 are equal to 1 for the current partition),

predPartc[ x, y ] = ( predPartLOc[ X, y ] + predPartL1c[ x,y ]+ 1) >> 1. (8-217)

8.4.2.3.2 Weighted sample prediction process

Inputfto this process are the same as specified in subclause 8.4.2.3.
Outpfit of this process are the same as specified in subclause 8.4.2.3.
Depepding on the component for which the prediction block is derived, the following applies.

- If the luma sample prediction values predPart; [ x, y ] are derived, the following applidswith C set equal to L, x set
dqual to 0 .. partWidth - 1, and y set equal to O .. partHeight - 1.

- therwise, if the chroma Cb component sample prediction values predPartc,[x,y ] are derived, the following
dpplies with C set equal to Cb, x set equal to 0 .. partWidth /2 - 1, and y set.equal to O .. partHeight /2 | 1.

- therwise (the chroma Cr component sample prediction values predParte,[*x, y | are derived), the following applies
with C set equal to Cr, x set equal to 0 .. partWidth / 2 - 1, and y set equal’to O .. partHeight /2 - 1.

The grediction sample values are derived as follows

- IIf the partition mbPartldx\subMbPartldx has predFlagl.0 equal to 1 and predFlagl.1 equal to 0, the final predicted
dample values predPartc[ x, y ] are derived by

if( logWD >=1)
predPartc[ x, y ] = Clipl( ( ( predPartLOc[ x,,] * wo + 2"V~ 1) >> 1ogWD ) + 0, )
else (8-218)
predPart[ x, y | = Clipl( predPartLOc[xyy ] * wo + 0p )

- therwise, if the partition mbPartldx\subMbPartldx has predFlagL0 equal to 0 and predFlagl.1 equalto 1, the final
predicted sample values predPartc[ x;.y | are derived by

if( logWD >=1)
predPartc[ x, y ] = Cliph¢( ( predPartL1c[ x, y ] * wy + 2°VP-1) >> [ogWD ) + 0, )
else (8-219)
predPart[ x, y ([ = Clipl( predPartL1c[ x,y ] * wy +0;)

- therwise (the partition mbPartldx\subMbPartldx has both predFlagLO and predFlagL1 equal tq 1), the final
predicted sample values predPart([ x, y | are derived by

predPartc[ x, y ] = Clipl( ( ( predPartLOc[ X,y ] * wo + predPartL1[ x, y ] * wy + 2"°8VP ) >>
(logWD+1))+((0g+o0o;+1)>>1)) (8-220)

The variables in the above derivation for the prediction samples are derived as follows.

- If weighted bipred idc is equal to 2 and the slice type is equal to B, implicit mode weighted prediction is used as
follows.

logWD =5 (8-221)
00=0 (8-222)
0,=0 (8-223)

and w, and w; are derived as follows.
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The variables currPicOrField, pic0, and picl are derived as follows:

If field pic_flag is equal to 0 and the current macroblock is a field macroblock, the following applies.

macroblock.
Let frame0 be the frame or complementary field pair that is referred to by RefPicListO[ refldxL.0

The variable picO is derived as follows.

macroblock.

Otherwise (refldx1.0 % 2 is not equal to 0) picO is the field of frame0 that has the op

parity of the current macroblock.
Let framel be the frame or complementary field pair that is referred to by RefPicList1[ refldxL1
The variable picl is derived as follows.

If refldxLL1 % 2 is equal to 0, picl is the field of framel that has the sameparity as the ¢
macroblock.

Otherwise (refldxL1 % 2 is not equal to 0), picl is the field of framjel that has the op
parity of the current macroblock.

Otherwise (field pic_flag is equal to 1 or the current macroblock is a frameé macroblock), currPicO
is the current picture CurrPic, picl is the decoded reference picture réferred to by RefPicList1[ refld;
and picO is the decoded reference picture referred to by RefPicListOf vefldxLO0 ].

currPicOrField is the field of the current picture CurrPic that has the same parity as the current

/21].

If refldxLLO % 2 is equal to 0, picO is the field of frameO that has the same parity as the current

posite

/21].

irrent

bosite

Field
(1],

- The vgriables tb, td, tx, and DistScaleFactor are derived from the values of currPicOrField, pic0, picl [using
Equatipns 8-154, 8-155, 8-150, and 8-151, respectively.
- If DiffPicOrderCnt( picl, picO ) is equal to 0 or one or both of picl and picO is a long-term reference pictyire or
(DistS¢aleFactor >> 2) < -64 or (DistScaleFactor >> 2) > 128w, and w, are derived as
Wo [ 32 (84224)
w32 (84225)
- Otherwise,
wo [ 64 — (DistScaleFactor >> 2) (84226)
w [ DistScaleFactor >> 2 (84227)
- Otherwise|(weighted_pred_flag is equal’to 1 in P or SP slices or weighted_bipred_idc equal to 1 in B slices), ejplicit
mode weighted prediction is used ‘as follows.
- The variables refldxLOWP and refldxL1 WP are derived as follows.
- If MbaftFrameFlag\is equal to 1 and the current macroblock is a field macroblock
refldxLOWP = refldxL0O >> 1 (84228)
refldXL1 WP = refldxLL1 >> 1 (84229)
- Otherwise (MbaffFrameFlag is equal to 0 or the current macroblock is a frame macroblock),
refldxLOWP = refldxL0O (8-230)
refldxL1WP = refldxL1 (8-231)
- The variables logWD, wy, Wy, 0y, and 0, are derived as follows.
- If Cin predPart([ x, y ] is replaced by L for luma samples
logWD = luma_log2 weight denom (8-232)
wo = luma_weight 10[ refldxLOWP ] (8-233)
w; = luma_weight 11[ refldxL1WP ] (8-234)
0o = luma_offset 10[ refldxLOWP ] (8-235)
0; =luma_offset 11[ refldxL1WP ] (8-236)
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iCbCr =1 for Cr),
logWD = chroma log2 weight denom
wo = chroma_weight 10[ refldxLOWP ][ iCbCr ]
w; = chroma_weight 11[ refldxL1WP ][ iCbCr ]
09 = chroma_offset 10[ refldxLOWP ][ iCbCr ]
0, =chroma_offset 11[ refldxL1WP ][ iCbCr ]

10:2004(E)

Otherwise (C in predPartc[ x,y ] is replaced by Cb or Cr for chroma samples, with iCbCr=0 for Cb,

(8-237)
(8-238)
(8-239)
(8-240)
(8-241)

When explicit mode weighted prediction is used and the partition mbPartldx\subMbPartldx has both predFlaglL0 and

predh

N|
cq

p1
Iul
o1
Iul

8.5
filter

Input]
Chro
the aj

N

n
arj

Outp
comp

N
an
fo

This

lagL T equal to I, the tollowing constraint shall be obeyed
-128 <=wy+w; <=((logWD == 7)?127:128)

DTE —For implicit mode weighted prediction, weights w, and w, are each guaranteed to be in the“range of -
nstraint expressed in Equation 8-242, although not explicitly imposed, will always be met;-.7For explicit

ediction with logWD equal to 7, when one of the two weights w, or w; is inferred to be, équal to 128 (as a
ma_weight 10 flag, luma weight 11 flag, chroma weight 10 flag, or chroma weight 11 yflag equal to 0), the o
Wo) must have a negative value in order for the constraint expressed in Equation 8-242"10 hold (and therefor
ma_weight 10 flag, luma weight 11 flag, chroma weight 10 flag, or chroma weight 11 flag must be equal to 1

Transform coefficient decoding process and picture cofstruction process prior to
process

5 to this process are Intral6x16DCLevel (if available), Intral6x16ACLevel (if available), Lumalevel

plicable component pred;, predcy, or predc;.

DTE — When decoding a macroblock in Intra_4x4 prediction’mode, the luma component of the macroblock predi
t be complete, since for each 4x4 luma block, the Intra 4x4" prediction process for luma samples as specified in
d the process specified in this subclause are iterated.

hts of this process are the constructed sample arrays prior to the deblocking filter process for

onent S’L, S’Cb: or S’Cr

ays prior to the deblocking filter process_imay not be complete, since for each 4x4 luma block, the Intra_4x4 pr:
r luma samples as specified in subclause 8.3.1 and the process specified in this subclause are iterated.

subclause specifies transfornr ¢oefficient decoding and picture construction prior to the deblocking filt

Whetp the current macroblock is coded as P _Skip or B Skip, all values of LumaLevel, Chy

Chro

8.5.1

maACLevel are set equal to 0 for the current macroblock.

Specification of transform decoding process for residual blocks

Whe
for t

the current/macroblock prediction mode is not equal to Intra_16x16, the variable LumaLevel cont:
luma transform coefficients. For a 4x4 luma block indexed by luma4x4Blkldx = 0..15, the following

are specified;

1

(8-242)

4..128 and the
mode weighted
consequence of
ther weight (w,
e the other flag

).

deblocking

(if available),

maDCLevel, ChromaACLevel, and available Inter or Intra-prediction sample arrays for the current njacroblock for

ction array may
subclause 8.3.1

he applicable

DTE — When decoding a macroblock in Intra 4x4 prediction mode, the luma component of the macroblock conktructed sample

diction process

PT process.

omaDCLevel,

iins the levels
ordered steps

The inverse transform coefficient scanning process as described in subclause 8.5.4 is

nvoked with

LumaLevel[ luma4x4Blkldx | as the input and the two-dimensional array c as the output.

The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.8 is invoked with ¢ as

the input and r as the output.

The position of the upper-left sample of a 4x4 luma block with index luma4x4BIkldx inside the macroblock is
derived by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with luma4x4BlkIdx as the

input and the output being assigned to ( xO, yO ).
The 4x4 array u with elements u; for i, j = 0..3 is derived as
u;; = Clipl( pred [ xO +j,yO+i]+1)

The picture construction process prior to deblocking filter process in subclause 8.5.9 is
luma4x4BIkIdx, u as the input and S’ as the output.
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8.5.2  Specification of transform decoding process for luma samples of Intra_16x16 macroblock prediction
mode

When the current macroblock prediction mode is equal to Intra 16x16, the variables Intral6x16DCLevel and
Intral6x16ACLevel contain the levels for the luma transform coefficients. The transform coefficient decoding proceeds
in the following ordered steps:

1. The 4x4 luma DC transform coefficients of all 4x4 luma blocks of the macroblock are decoded.

a. The inverse transform coefficient scanning process as described in subclause 8.5.4 is invoked with
Intral6x16DCLevel as the input and the two-dimensional array c as the output.

b. The scaling and transformation process for luma DC transform coefficients for Intra 16x16 macroblock type
as gpecified in subclause 8.5.6 is invoked with c as the input and dcY as the output.

2. For a 4x4 luma block indexed by luma4x4Blkldx = 0..15, the following ordered steps are specified.

a. Th¢ variable lumaList, which is a list of 16 entries, is derived. The first entry of lumaList is the\correspopding
valpe from the array dcY. Figure 8-6 shows the assignment of the indices of the array dcY tp the
lunpa4x4Blkldx. The two numbers in the small squares refer to indices i and j in dc¥jp and the numbgrs in
large squares refer to luma4x4BlkIdx.

Figure 8-6 — Assignment of the indices of dcY to luma4x4BIkIdx.

Th¢ elements in lumaList with index k'=-1..15 are specified as

lunpaList[ k | = Intral 6x16ACLevel[ luma4x4Blkldx ][ k-1 ] (84244)

b. Th¢ inverse transform coefficient scanning process as described in subclause 8.5.4 is invoked with lumallist as
the|input and the two-dimensional array c as the output.

c. The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.8 is invoked with
c a$ the input and 't as the output.

d. Th¢ position‘of the upper-left sample of a 4x4 luma block with index luma4x4BlkIdx inside the macroblpck is
derjived by invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with luma4x4Blkldx as
the|input and the output being assigned to ( xO, yO ).

e. The 4x4 array u with elements u;; for i, j = 0..3 is derived as
u;; = Clipl( pred, [ xO+j,yO +i]+1y) (8-245)

f. The picture construction process prior to deblocking filter process in subclause 8.5.9 is invoked with
luma4x4BIlkIdx, u as the input and S’ as the output.

8.5.3  Specification of transform decoding process for chroma samples

For each chroma component, the variables ChromaDCLevel[ iCbCr ] and ChromaACLevel[ iCbCr ], with iCbCr set
equal to 0 for Cb and iCbCr set equal to 1 for Cr, contain the levels for both components of the chroma transform
coefficients. For each chroma component, the transform decoding proceeds separately in the following ordered steps:

1. The 2x2 chroma DC transform coefficients of the 4x4 chroma blocks of the component indexed by iCbCr of the
macroblock are decoded.
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a. The 2x2 array c is derived using the inverse raster scanning process applied to ChromaDCLevel as follows

3 {ChromaDCLevel [iCbCr JO] ChromaDCLevel[ iCbCr |1 ]]:|

(8-246)

ChromaDCLevel[ iCbCr [ 2] ChromaDCLevel[ iCbCr | 3

b. The scaling and transformation process for chroma DC transform coefficients as specified in subclause 8.5.7 is
invoked with c as the input and dcC as the output.

2. For each 4x4 chroma block indexed by chroma4x4BlkIdx = 0..3 of the component indexed by iCbCr, the following
ordered steps are specified.

a. The variable chromaList, which is a list of 16 entries, is derived. The first entry of chromaList is the
COTTCSPONAing valtue from the array dcC. Figure 8-7 SHows e assignment ot the imdices ot the arfay dcC to the
chroma4x4Blkldx. The two numbers in the small squares refer to indices i and j in dcCy, and’the numbers in
large squares refer to chroma4x4BlkIdx.

N
o | 1

[
2 | 3

Figure 8-7 — Assignment of the indices of dcC tochroma4x4BIkIdx.

The elements in chromaList with index k = 1..15 are specified;as

chromaList[ k ] = ChromaACLevel[ chroma4x4BIkIdx Jf k-1 ] (8-247)
B. The inverse transform coefficient scanning process-as described in subclause 8.5.4 is invoked with chromalList
as the input and the two-dimensional array c as, the output.

d. The scaling and transformation process fortesidual 4x4 blocks as specified in subclause 8.5.8 is ihvoked with ¢
as the input and r as the output.

d. The position of the upper-left sample of a 4x4 chroma block with index chroma4x4BIlkIflx inside the
macroblock is derived as follows

xO = InverseRasterScan( chroma4x4BlkIdx, 4, 4, 8, 0) (8-248)
yO = InverseRasterScan( chtoma4x4Blkldx, 4, 4, 8, 1) (8-249)
d. The 4x4 array u with*elements u;; for i, j = 0..3 is derived as
u;; = Clip1( predec[)xO +j, yO +i]+r1;) (8-250)

f The picture” construction process prior to deblocking filter process in subclause 8.5.9 is [invoked with
chronja4x4BlkIdx, u as the input and S’ as the output.

8.5.4| _Inverse scanning process for transform coefficients

Inpl]‘r tothis process is a list of 16 values

Output of this process is a variable ¢ containing a two-dimensional array of 4x4 values with level assigned to locations in
the transform block.

The decoding process maps the sequence of transform coefficient levels to the transform coefficient level positions. For
this mapping, the two inverse scanning patterns shown in Figure 8-8 are used.

The inverse zig-zag scan shall be used for frame macroblocks and the inverse field scan shall be used for field
macroblocks.
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s
L

14 —>»15

13

-

eS¢ — 0"

14

NeE— 0o «—0»

9 —>»10 15

Table 8-12 pr|
array c.

a b

Figure 8-8 — a) Zig-zag scan. b) Field scan

bvides the mapping from the index idx of input list of 16 elements to indices i and j of{the two-dimen

Table 8-12 — Specification of mapping of idx to c;; for zig-zag and field scan

idx 0 1 2 3 4 5 6 7 8 9 |10 | 1ANM2 | 13 | 14 | 15
pig-zag | Coo | Coi | Cio | €20 | C11 | Co2 | Co3 | Cia | Ca1 | C30 | C3i\[<C | Ci3 | €23 | €30 | €33
field Coo | €10 | Co1 | €20 | €30 | C11 | €21 | C31 [ Co2 | C12r| €90 | C32 | Co3 | C13 | C23 | C33

ional

8.5.5  Deriyation process for the chroma quantisation parameters and scaling function

Outputs of this process are:

—  QP¢: the|chroma quantisation parameter

—  QS¢: the|additional chroma quantisation parameteraequired for decoding SP and SI slices (if applicable)

NOTE — QP quantisation parameter values QPy, QPg, QSy, and QS are always in the range of 0 to 51, inclusive.

The value of QP for chroma is determined fromh-the current value of QPy and the value of chroma qp_index offset]
NOTE — The scaling equations are specified\stich that the equivalent transform coefficient level scaling factor doubles forfevery
increment ¢f 6 in QPy. Thus, there is an increase in the factor used for scaling of approximately 12 % for each increase of 1|in the
value of QHy.

The value of QP shall be determined as specified in Table 8-13 based on the index denoted as qP;. The value of qPj shall

be derived as [follows.

qP; = (lip3( 0, 515QPy + chroma_qp_index offset ) (84251)
Table 8-13 — Specification of QP as a function of qP,
qPy | <30 L{=b 131 30 133 34 135 136137 |38 130 140 141 140 143 (44 [4S 146 147 L 4R (40 |50 {51
QP¢ | =qP; 29 |30 [ 31 [ 32 (32|33 |34 (3435|3536 36|37 |37|37|38 |38 (38]39]39]39]|39

When the current slice is an SP or SI slice, QSc is derived using the above process, substituting QPy with QSy and QP¢

The function LevelScale( m, i, j ) is specified as follows:

Vmo fOI' (17.]) € {(070)7 (092)7 (290)7 (292)}7
LevelScale(m,i, j) = for (i,j)e{(1,1),(1,3),(3,1),(3,3)}, (8-
v, otherwise;

140
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where the first and second subscripts of v are row and column indices, respectively, of the matrix specified as:

(10
11
13
14
16

18

16
18
20
23
25
29

13]
14
16
18]
20
23

(8-253)

8.5.6

Inpuj
macr

Outp
elem

The i

A bi
elem

After

- If QPy is greater than or equal to 12, the scaled result shall be derived as

A bi
elem
N

el
cli

N
ra)

Scaling and transformation process for luma DC transform coefficients for Intra_16x16 macroblock type

blocks as a 4x4 array ¢ with elements c;;, where i and j form a two-dimensional frequency indeX.

its of this process are 16 scaled DC values for luma 4x4 blocks of Intra_16x16 macroblocks as a 4x4 g
nts dcYj.
hverse transform for the 4x4 luma DC transform coefficients is specified by:
I 1 1 1fcyp € Cm Cufl 1 1 1
|11 =1 —1j¢ey ¢y ¢, ¢yl I -1 -1
-1 -1 ey ey oy oyl =1 -1 K
I -1 1 —1jcy €5 €3 cCyufl -1 1 &1

stream conforming to this Recommendation | International Standard shall not contain data that 1
nt fj; of f that exceeds the range of integer values from =25 to 2'°-1, inclusive.

the inverse transform, scaling is performed as follows.

deY; = (f; * LevelScale (QP, %6,:0,0)) << (QPy /6-2), with 1i,j=0.3.

therwise (QPy is less than 12),the scaled result shall be derived as

deY, = (f; * LevelScale(QPy %6,0,0)+2""%")>> (2-QP, /6), with 1i,j=0.3

stream conforming 4o this Recommendation | International Standard shall not contain data that 1
nt dcY;; of dcYithat exceeds the range of integer values from 2" to 2"°~1, inclusive.
DTE — When/entropy coding mode flag is equal to 0 and QPy is less than 10, the range of values that can be rep

ements ¢ 6F'¢'is not sufficient to represent the full range of values of the elements dcYj; of dcY that could be nec
bse approximation of the content of any possible source picture by use of the Intra_16x16 macroblock type.

DTE -_Since the range limit imposed on the elements dcYj; of dcY is imposed after the right shift in Equation|
hgedof values must be supported in the decoder prior to the right shift.

5 to this process are transform coefficient level values for luma DC transform coefficients” of Intra 16x16

rray dcY with

(8-254)

esults in any

(8-255)

(8-256)

esults in any

resented for the
bssary to form a

8-256, a larger

8.5.7

Scaling and transformation process for chroma DC transform coefficients

Inputs to this process are transform coefficient level values for chroma DC transform coefficients of one chroma
component of the macroblock as a 2x2 array ¢ with elements c;;, where i and j form a two-dimensional frequency index.

Outputs of this process are 4 scaled DC values as a 2x2 array dcC with elements dcCj.

The inverse transform for the 2x2 chroma DC transform coefficients is specified by:

le Ilce Co Il 1
1 -1jc, c,|1 -1
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A bitstream conforming to this Recommendation | International Standard shall not contain data that results in any
element fj; of f that exceeds the range of integer values from 2" t0 2"°~1, inclusive.

After the inverse transform, scaling is performed as follows.

A Dbitstream
element dcC;

8.5.8 Scalj

Input to this {
component or]

Outputs of thi

The variable {

The variable ¢

If QPc is

greater than or equal to 6, the scaled result shall be derived as

deC, = (f, *LevelScale( QP. %6,0,0)) << (QP. /6—1), with i,j=0,1 (8-258)

Otherwise (QPc is less than 6), the scaled result shall be derived by

deC, = (f, * LevelScale(QP, %6,0,0)) >>1, with i,j=0,1

(8-259)

NOTE - W
elements c;
close appro

NOTE - S
range of va|

If mb_tyj
to 1,

Otherwis
sMbFlag

If the inp
qP =Q
Otherwis
qP =Q
Otherwis
qP =Q
Otherwis
qP =Q

conforming to this Recommendation | International Standard shall not contain data that results, ij
of dcC that exceeds the range of integer values from —2'° to 2'°~1, inclusive.

hen entropy coding mode flag is equal to 0 and QP is less than 4, the range of values that can be repfésented
of ¢ is not sufficient to represent the full range of values of the elements dcCj; of dcC that could be n€ceessary to
kimation of the content of any possible source picture.

nce the range limit imposed on the elements dcCj; of dcC is imposed after the right shift in Eduation 8-259, a
ues must be supported in the decoder prior to the right shift.

ng and transformation process for residual 4x4 blocks

rocess is a 4x4 array ¢ with elements ¢; which is either an array relating/to a residual block of the
an array relating to a residual block of a chroma component.

5 process are residual sample values as 4x4 array r with elements r;s.

MbFlag is derived as follows.

pe is equal to SI or the macroblock prediction mode is equal to Inter in an SP slice, sMbFlag is set
e (mb_type not equal to SI and the macroblock prediction mode is not equal to Inter in an SP
is set equal to 0.

(P is derived as follows.

it array c relates to a luma residual block and sMbFlag is equal to 0

Py (81
e, if the input array c relates(fo,a’luma residual block and sMbFlag is equal to 1

Sy (81
e, if the input array ¢'relates to a chroma residual block and sMbFlag is equal to 0

Pc (8
b (the input-array c relates to a chroma residual block and sMbFlag is equal to 1),

Se (81

1 any

for the
form a

larger

luma

equal

lice),

260)

261)

262)

263)

Scaling of 4x4 block transform coefficient levels ¢;; proceeds as follows.

If all of the following conditions are true

- lisequalto0

- jisequalto 0

- c relates to a luma residual block coded using Intra 16x16 prediction mode or ¢ relates to a chroma residual

block

the variable dy is derived by

doo = coo

(8-

Otherwise,

142
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d; =(c; *LevelScale(qP % 6,1,j) ) << (qP/6), with 1i,j=0..3 exceptas noted above (8-265)

The bitstream shall not contain data that results in any element d;; of d with i, j = 0..3 that exceeds the range of integer
values from —2" to 2"°~1, inclusive.

The transform process shall convert the block of scaled transform coefficients to a block of output samples in a manner
mathematically equivalent to the following.

First, each (horizontal) row of scaled transform coefficients is transformed using a one-dimensional inverse transform as
follows.

A set of intermediate values is computed as follows.

eip=dip+dp, with 1=0..3 (8-266)
ey =djp—dp, with 1=0.3 (8-267)
ep=(dy>>1)—ds with i=0.3 (8-268)
es=diy +(dz>>1), with i=0.3 (8-269)

The bitstream shall not contain data that results in any element e; of e with i, j = 0..3, that exceeds the rapge of integer
valuefs from —2" to 2'°~1, inclusive.

Then| the transformed result is computed from these intermediate values as follgws:

fio=ejp+es with 1=0.3 (8-270)
fii=e; +ep with 1=0.3 (8-271)
fo=en—ep, with 1=0.3 (8-272)
fis=eio— e, with i=0.3 (8-273)

The bitstream shall not contain data that results in any elemient fj of f with i, j = 0..3 that exceeds the rapge of integer
valuefs from —2" to 2"°~1, inclusive.

Then| each (vertical) column of the resulting matrix‘is*transformed using the same one-dimensional inversg transform as
folloyvs.

A set|of intermediate values is computed as follows.

g = o + B, with j=0.3 (8-274)
g =fo— fy, with j=0.3 (8-275)
@ =(fy;>>1)—fy, withj=0.3 (8-276)
g3 = fi;+ (fy>> D)fwith j=0.3 (8-277)

The bitstream shall not_contain data that results in any element g; of g with i, j = 0..3 that exceeds the rapge of integer
valuel from —2" to.2'%1, inclusive.

Then| the transformed result is computed from these intermediate values as follows.

hy = 8y + gy, With j=0.3 (8-278)
i< g+ gy with j=0.3 (8-279)
hy =g — &, with j=0.3 (8-280)
hy = gy — & with j=0.3 (8-281)

The bitstream shall not contain data that results in any element h; of h with i, j = 0..3 that exceeds the range of integer
values from —2"° to 215—33, inclusive.

After performing both the one-dimensional horizontal and the one-dimensional vertical inverse transforms to produce an
array of transformed samples, the final constructed residual sample values shall be derived as

T :(hij +2°)>>6 with 1,j=0.3 (8-282)
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8.5.9  Picture construction process prior to deblocking filter process

Inputs to this process are
- luma4x4BIkldx or chroma4x4BlkIdx

- a4x4 sample array u with elements u;; which is either a luma or chroma block
Outputs of this process are constructed sample blocks s' prior to the deblocking filter process.

The position of the upper-left luma sample of the current macroblock is derived by invoking the inverse macroblock
scanning process in subclause 6.4.1 with CurrMbAddr as input and the output being assigned to ( xP, yP ).

When u is a luma block, for each sample u;; of the 4x4 luma block, the following applies.

- The position of the upper-left sample of a 4x4 luma block with index luma4x4BlkIdx inside the macroblack is
derived Qy invoking the inverse 4x4 luma block scanning process in subclause 6.4.3 with luma4x4Blkldx as the
input and| the output being assigned to ( xO, yO ).

- Dependirlg on the variable MbaffFrameFlag, the following applies.

- If MbaftFrameFlag is equal to 1 and the current macroblock is a field macroblock
S xP+x0O+j,yP+2*(yO+i)]=u; withi,j=0.3 (84283)
- Othprwise (MbaffFrameFlag is equal to 0 or the current macroblock is a franieimacroblock),
SxP+x0O+j,yP+yO+i]=u; withi,j=0.3 (84284)

When u is a chroma block, for each sample u;; of the 4x4 chroma block, the-folowing applies.

- The subs¢ript C in the variables S'c and predc is replaced with Cbfor/the Cb chroma component and with Cr fpr the
Cr chromja component.

- The position of the upper-left sample of a 4x4 chroma block'with index chroma4x4BlkIdx inside the macroblpck is
derived af follows.

x0 = IhverseRasterScan( chroma4x4BIkIdx, 4, 4,;8,70 ) (84285)
yO = IhverseRasterScan( chroma4x4BlkIdx;4, 4, 8, 1) (84286)

- Dependirlg on the variable MbaffFrameFlag, the following applies.

- If MbaffFrameFlag is equal to 1 and the current macroblock is a field macroblock
SQL(xP>>1)+xOHG)(yP+1)>1)+2*(yO+i)]=u;withi,j=0.3 (84287)
- Othprwise (MbaffFrameFlag is equal to 0 or the current macroblock is a frame macroblock),

SYL(xP>>(1)* xO+j, ((yP+1)>>1)+y0O+i]=u; with i, j=0.3 (8{288)

8.6 Decpding process for P macroblocks in SP slices or SI macroblocks

This process is invoked when decoding P macroblock types in an SP slice type or an SI macroblock type in SI slices.

Inputs to this process are the prediction residual transform coefficient levels and the predicted samples for the current
macroblock.

Outputs of this process are the decoded samples of the current macroblock prior to the deblocking filter process.

This subclause specifies the transform coefficient decoding process and picture construction process for P macroblock
types in SP slices and SI macroblock type in SI slices.

NOTE - SP slices make use of Inter predictive coding to exploit temporal redundancy in the sequence, in a similar manner to P
slice coding. Unlike P slice coding, however, SP slice coding allows identical reconstruction of a slice even when different
reference pictures are being used. SI slices make use of spatial prediction, in a similar manner to I slices. SI slice coding allows
identical reconstruction to a corresponding SP slice. The properties of SP and SI slices aid in providing functionalities for bitstream
switching, splicing, random access, fast-forward, fast reverse, and error resilience/recovery.

An SP slice consists of macroblocks coded either as I macroblock types or P macroblock types.
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An S slice consists of macroblocks coded either as I macroblock types or SI macroblock type.

The transform coefficient decoding process and picture construction process prior to deblocking filter process for I
macroblock types in SI slices shall be invoked as specified in subclause 8.5. SI macroblock type shall be decoded as
described below.

When the current macroblock is coded as P_Skip, all values of LumalLevel, ChromaDCLevel, ChromaACLevel are set

equal

8.6.1

to 0 for the current macroblock.

SP decoding process for non-switching pictures

This process is invoked, when decoding P macroblock types in SP slices in which sp_for switch flag is equal to 0.

Input]
resids

Outp
This

B 10 this process are Inter prediction samples for the current macroblock from subclause &.4 and
hal transform coefficient levels.

its of this process are the decoded samples of the current macroblock prior to the deblocking filter pro

subclause applies to all macroblocks in SP slices in which sp for switch flag is equahfo 0, exce

he prediction

LCSS.

pt those with

macrpblock prediction mode equal to Intra_4x4 or Intra_16x16. It does not apply to SI slices!
8.6.1]1 Luma transform coefficient decoding process
Inputk to this process are Inter prediction luma samples for the current macroblogk pred; from subclauge 8.4 and the
prediftion residual transform coefficient levels, LumaLevel, and the index of the(4x4 luma block luma4x4BjlkIdx.
Outpfits of this process are the decoded luma samples of the current macrgbleck prior to the deblocking filtgr process.
The position of the upper-left sample of the 4x4 luma block with index. luma4x4BlkIdx inside the current macroblock is
derivpd by invoking the inverse 4x4 luma block scanning processdn subclause 6.4.3 with luma4x4BlkIdx ag the input and
the ofitput being assigned to ( X, y ).
Let the variable p be a 4x4 array of prediction samples with.element p;; being derived as follows.
pij=pred [ x+j,y+i] withi,j=0.3 (8-289)
The variable p is transformed producing transformcoefficients ¢’ according to:
1 1 1 Ll poe Poy P Pos ! 2 1 1
o = 2 I =1 =2)pglpy P Pis|l I -1 -2 (8-290)
1 -1 -1 P35 Pn P Pyl -1 -1 2
I -2 2 1psy Py P Pyl -2 1 -1
The |inverse transfotmy coefficient scanning process as described in subclause 8.5.4 is ipvoked with
LumgLevel[ luma4x4BIkIdx ] as the input and the two-dimensional array ¢’ with elements c;' as the output.
The gredictionesidual transform coefficients ¢' are scaled using quantisation parameter QPy, and added to| the transform
coeff]cientsofithe prediction block ¢” with i, j = 0..3 as follows.
Cijs 7~ Cijp + ( ( ( Cijr * LevelScale( QPY % 6, 1,] ) * Aij ) << ( QPY /6 ) ) >>6 ) (8-291)
where LevelScale( m, i, j ) is specified in Equation 8-252, and where Aj; is specified as:
16 for (i) €{(0,0),(0,2),(2,0),(2,2)},
Ay=425 for (i,))€{(1,1),(1,3),(3,1),(3,3)}, (8-292)
20 otherwise;
The function LevelScale2( m, i, j ), used in the formulas below, is specified as:
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W for (i,) € {(0,0),(0,2), (2,0), (2,2)},

m0

LevelScale2(m,i, j) ={w,, for (i,j)e{(1,1),(13),(3,1).(3.3)}, (8-293)
w,_, otherwise;
where the first and second subscripts of w are row and column indices, respectively, of the matrix specified as:
(13107 5243 8066 |
11916 4660 7490
W 10082 4194 6554 (8-294)
9562 3647 5825
8192 3355 5243
|| 7282 2893 4559
The resulting um, c’, is quantised with a quantisation parameter QSy and with i, j = 0..3 as follows,
cij = ( $ign( c;i" ) * (Abs(c; ) * LevelScale2( QSy % 6,1,j )+ (1 <<(14+QSy/6))))=>(15+QSy/6
(84295)
The scaling apd transformation process for residual 4x4 blocks as specified in subclause’8.5.8 is invoked with ¢ s the
input and r as|the output.
The 4x4 array| u with elements u; is derived as follows.
u;; = Clip1( rj ) withi, j=0..3 (84296)
The picture cpnstruction process prior to deblocking filter processin subclause 8.5.9 is invoked with luma4x4Blkldx, u

as the input ai

8.6.1.2 Chr

Inputs to this
prediction res

Outputs of thi

This process

id S’ as the output.

oma transform coefficient decoding process

process are Inter prediction chroma samples for the current macroblock from subclause 8.4 an
dual transform coefficient levels, ChromaDCLevel and ChromaACLevel.

5 process are the decoded chroma samiples of the current macroblock prior to the deblocking filter prod

s invoked twice: once for thenCb’component and once for the Cr component. The component is refer]

d the

red to

by replacing € with Cb for the Cb component and C with Cr for the Cr component. Let iCbCr select the current chroma
component.
For each 4x4] block of the currentchroma component indexed using chroma4x4Blkldx with chroma4x4BlkIdx |equal
to 0..3, the following applies.
The posifion of the upper-left sample of a 4x4 chroma block with index chroma4x4Blkldx inside the macroblpck is
derived af follows!
x = InyerseRasterScan( chroma4x4Blkldx, 4, 4, 8, 0) (84297)
y = InverseRasterscan( chromazdx4BIKIdx, 4, 4, 38, 1) (8-298)
Let p be a 4x4 array of prediction samples with elements p;; being derived as follows.
pi=predc[x+j,y+i] withi, j=0.3 (8-299)

with inde

chromalL.ist[ k ] = ChromaACLevel[ iCbCr ][ chroma4x4Blkldx J[ k-1 ]

input and

146

The 4x4 array p is transformed producing transform coefficients c’( chroma4x4BIkIdx ) using Equation 8-290.

x k =1..15 are specified as follows.

the 4x4 array ¢' as the output.

(8-

The variable chromaList, which is a list of 16 entries, is derived. chromaList[ 0 ] is set equal to 0. chromaList[ k ]

300)

The inverse transform coefficient scanning process as described in subclause 8.5.4 is invoked with chromaList as the
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The prediction residual transform coefficients ¢" are scaled using quantisation parameter QPc, and added to the
transform coefficients of the prediction block ¢” with i, j = 0..3 except for the combination i = 0, j = 0 as follows.

¢ = ¢;( chroma4x4BIKIdx ) + ( ( ( ¢;f * LevelScale( QPc % 6,1, ) * Ay ) << (QP¢/6))>>6)

The resulting sum, ¢’, is quantised with a quantisation parameter QS¢ and with i, j = 0..3 except for the
=0, j =0 as follows. The derivation of cyo( chroma4x4BlkIdx ) is described below in this subclause.
¢;j( chroma4x4BlkIdx ) = ( Sign( ¢;* ) * (Abs( ¢;* ) * LevelScale2( QSc % 6,1,j )+ (1 <<( 14+ QS
(15+QSc/6)

The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.8 is

(8-301)

combination i

c/6))))>>
(8-302)

invoked with

U chromaZdx4BIKIdX ) as the mnput and T as the output.
The 4x4 array u with elements u; is derived as follows.

u; = Cllpl( T ) with I,J =0.3
'he picture construction process prior to deblocking filter process in subclause 8.5.9 is

dhroma4x4BlkIdx and u as the input and S’ as the output.

ferivation of the DC transform coefficient level cyy( chroma4x4Blkldx ) is specified as follows. The

k with elements cy’(chroma4x4BlkIdx) and a 2x2 transform is applied to'the’DC transform coefficien

2Lz ol

Cho (2) cg (3)
hroma DC prediction residual transform coefficient leyels,/ChromaDCLevel[ iCbCr ][ k | with k =
quantisation parameter QP, and added to the prediction DC transform coefficients as follows.

de;® = de;” + (( ( ChromaDCLevel[ iCbCr ][ j * 271 ] * LevelScale( QP¢c % 6, 0, 0) * Ay ) << ( QP
with i, j =

1
1

1
-1

1
1

1
-1

A
4

x2 array dc’, is quantised using the quantisation parameter QSc as follows.

dc;j" = ( Sign( dc;* ) * ( Abs( dcy’ ) ELevelScale2( QSc % 6,0, 0)+ (1 <<(15+QSc/6))))>>(

A
4

x2 array f with elements fj; andi, j = 0..1 is derived as follows.

f{l 1}{@;0 dczll 1]

1 —1]dejp~/dc;, |1 -1
ng of the elemients fj; of fis performed as follows.
Iif QSc is-greater than or equal to 6, the cyo( ) are derived by
coo(J™* 2 +1i)=(f; * LevelScale( QSc % 6,0,0) ) <<(QSc/6-1) withi, j=0,1

cients of the 4 prediction chroma 4x4 blocks of the current component of the_macroblock are assemb

with i, j = ¢

(8-303)

nvoked with

IDC transform
led into a 2x2
s as follows

(8-304)

)..3 are scaled
1/ 6))>>5)
, 1 (8-305)

6+QSc/6)
, 1 (8-306)

(8-307)

(8-308)

Otherwise (QSc is less than 6), the co( ) are derived by
Coo(j *2+1)=(f;* LevelScale( QS¢c % 6,0,0))>>1 withi,j=0, 1

SP and SI slice decoding process for switching pictures

(8-309)

This process is invoked, when decoding P macroblock types in SP slices in which sp_for switch flag is equal to 1 and
when decoding SI macroblock type in SI slices.

Inputs to this process are the prediction residual transform coefficient levels and the prediction sample arrays pred,
predcy, predc, for the current macroblock.

Outputs of this process are the decoded samples of the current macroblock prior to the deblocking filter process.
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8.6.2.1

Luma transform coefficient decoding process

Inputs to this process are prediction luma samples pred; and the luma prediction residual transform coefficient levels,

LumaLevel.

Outputs of this process are the decoded luma samples of the current macroblock prior to the deblocking filter process.

The 4x4 array p with elements p; with i, j = 0..3 is derived as in subclause 8.6.1.1, is transformed according to Equation
8-290 to produce transform coefficients cP. These transform coefficients are then quantised with the quantisation
parameter QSy, as follows:

¢;” = ( Sign( ¢;? ) * (Abs(¢;®) * LevelScale2( QSy % 6,1,j) + (1 <<(14+QSy/6))))>>(15+QSy/6)

The inverse
LumalLevel[ 1

The 4x4 array

Cij = Cj
The scaling a
input and r as
The 4x4 array

u; = C
The picture ¢
as the input af

8.6.2.2 Chy

Inputs to this
residual trans

Outputs of thi

This process
by replacing
component.

For each 4x4]

to 0..3, the following applies.

1. The 4x4
Equation
quantised

processin

CijS:(
(A

withi,j=0.3 (8-310)

transform coefficient scanning process as described in subclause 8.5.4 is invoked | with
ima4x4BIkIdx ] as the input and the two-dimensional array ¢" with elements c;j" as the output.
¢ with elements ¢;; with i, j = 0..3 is derived as follows.
+¢;° withi,j=0.3 (84311)
hd transformation process for residual 4x4 blocks as specified in subclause 8.5:81s invoked with c s the
the output.
u with elements uy; is derived as follows.
ipl(r) withi,j=0.3 (84312)
bnstruction process prior to deblocking filter process in subclause 8.5.9 is invoked with luma4x4Blkldx, u

id S’ as the output.

oma transform coefficient decoding process

orm coefficient levels, ChromaDCLevel and ChromaACLevel.
5 process are the decoded chroma samples.of the current macroblock prior to the deblocking filter prod

s invoked twice: once for the Cb component and once for the Cr component. The component is refer
" with Cb for the Cb component and>C with Cr for the Cr component. Let iCbCr select the current cl

block of the current chroma component indexed using chroma4x4Blkldx with chroma4x4BlkIdx

array p with elements p; with i, j = 0..3 is derived as in subclause 8.6.1.2, is transformed accordyj
8-290 to produce_transform coefficients c”( chroma4x4BlkIdx ). These transform coefficients arg
with the quantisation parameter QSc, with i, j = 0..3 except for the combination i = 0, j = 0 as follows
o of coo”( chromadx4BlkIdx ) is described below in this subclause.

Sign( ci’¢chromadx4BlkIdx ) ) * N
bs(cif(chroma4x4Blkldx ) ) * LevelScale2( QSc % 6,1,j ) + (1 <<(14+QSc/6))))>>(15+QS

process are predicted chroma samples for the current macroblock from subclause 8.4 and the predjction

red to
roma

equal

ng to
then
. The

313)
c/6)

with index k = 1..15 are specified as follows.

chromaL.ist[ k ] = ChromaACLevel[ iCbCr ][ chroma4x4Blkldx J[ k-1 ]

(8-

The variable chromaList, which is a list of 16 entries, is derived. chromaList[ 0 ] is set equal to 0. chromaList[ k ]

314)

The inverse transform coefficient scanning process as described in subclause 8.5.4 is invoked with chromalList as the

input and the two-dimensional array ¢'( chroma4x4BIkIdx ) with elements c;;'( chroma4x4BIlkIdx ) as the output.

combination i = 0, j = 0 is derived as follows. The derivation of cyo( chroma4x4BlkIdx ) is described below.

¢;j( chroma4x4BlkIdx ) = ¢;'( chroma4x4BIkIdx ) + c;*

c( chroma4x4BlklIdx ) as the input and r as the output.

148

(8-

The 4x4 array c( chroma4x4Blkldx ) with elements c;( chroma4x4Blkldx ) with i, j = 0.3 except for the

315)

The scaling and transformation process for residual 4x4 blocks as specified in subclause 8.5.8 is invoked with
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The 4x4 array u with elements u; is derived as follows.

u;; = Clip1( ;) withi, j=0..3

chroma4x4Blkldx, u as the input and S’ as the output.

10:2004(E)

(8-316)

The picture construction process prior to deblocking filter process in subclause 8.5.9 is invoked with

The derivation of the DC transform coefficient level cyy( chroma4x4BlkIdx ) is specified as follows. The DC transform
coefficients of the 4 prediction 4x4 chroma blocks of the current component of the macroblock, co,"( chromad4x4BIkIdx ),
are assembled into a 2x2 matrix, and a 2x2 transform is applied to the DC transform coefficients of these blocks
according to Equation 8-304 resulting in DC transform coefficients dc;.

Thes

The {
to thd

The 2
The 2

8.7

A col
any @

DU Transtorm COCIIICIENTS arc theén quantsed with the quantisation parameter Udc, as given by:

dc;® = ( Sign( dc;® ) * ( Abs( dc;” ) * LevelScale2( QSc % 6, 0,0)+ (1 <<( 15+ QSc/6))))>>
(16+QSc/6) with i,j 20, 1

arsed chroma DC prediction residual transform coefficients, ChromaDCLevel[ iCbCrn(}{k ] with k =
se quantised DC transform coefficients of the prediction block, as given by:

dc;j" = dc;" + ChromaDCLevel[ iCbCr ][ j *2+i] withi,j=0, 1
x2 array f with elements f;; and i, j = 0..1 is derived using Equation 8-307:
x2 array f with elements fj; and i, j = 0..1 is copied as follows.

Cooj*2+i)=1; withi,j=0, 1

Deblocking filter process

hditional filtering shall be applied to all 4x4 block edges of a picture, except edges at the boundary of t
dges for which the deblocking filter process is disabled by disable deblocking filter idc, as specifig

filterjng process is performed on a macroblock basis'after the completion of the picture construction pr

debla
pictu
N
m

dg

The ¢
edges
filter
perfo
direc
may
input]
curre
horiz

cking filter process (as specified in subclauses 8.5 and 8.6) for the entire decoded picture, with all mal
e processed in order of increasing macroblock addresses.

DTE — Prior to the operation of the deblecking filter process for each macroblock, the deblocked samples of thg
pcroblock pair above (if any) and the macroblock or macroblock pair to the left (if any) of the current macrob

ayailable because the deblocking filterprocess is performed after the completion of the picture construction {

blocking filter process for the entit¢"decoded picture.

leblocking filter process, i$ invoked for the luma and chroma components separately. For each macro

(8-317)

D..3 are added

(8-318)

(8-319)

he picture and
d below. This
pcess prior to
croblocks in a

macroblock or
ock are always
rocess prior to

block, vertical

are filtered first, fromleft to right, and then horizontal edges are filtered from top to bottom. The lu

rmed on two 8-sample edges, for the horizontal direction as shown on the left side of Figure 8-9 and

nt macgoblock. Sample values modified during filtering of vertical edges are used as input for the
butdl.edges for the same macroblock.

a deblocking

process is performed/on four 16-sample edges and the deblocking filter process for each chroma ¢omponents is

r the vertical

ion as shownon the right side of Figure 8-9. Sample values above and to the left of the current maicroblock that
have already.been modified by the deblocking filter process operation on previous macroblocks shpll be used as
to the.deblocking filter process on the current macroblock and may be further modified during the filtering of the

Itering of the
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16*16 Macroblock 16*16 Macroblock

r
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— | (luma)

Figure 8-

For each mac

1. The vari
derived a

- The v4
- If

- Of
- The v4

- If
fil

- Ot
thg

- The v4
- If

|
l'\ Horizontal edges

(chroma)

I

_____ e

Vertical edges Vertical edges
(luma) (chroma)

[ PSS Rp—— S —————————— |

boundaries shown with dashed lines)

oblock in ascending order of mbAddr, the following applies.

ables fieldModeMbFlag, filterInternalEdgesFlag, filterLeftMbEdgeFlag and filterTopMbEdgeFla,
5 follows.

riable fieldModeMbFlag is derived as follows.
iny of the following conditions is true, fieldModéMbFlag is set equal to 1.
field pic flagisequal to 1
MbaffFrameFlag is equal 1 and the magroblock mbAddr is a field macroblock
herwise, fieldModeMbFlag is set equal to 0.
riable filterInternalEdgesFlag.is-derived as follows.

lisable deblocking_filter *idc for the slice that contains the macroblock mbAddr is equal to 1, the va
erInternalEdgesFlag is:set equal to 0;

herwise (disable deblocking_filter idc for the slice that contains the macroblock mbAddr is not equal
variable filterInternalEdgesFlag is set equal to 1.

riable filterLeftMbEdgeFlag is derived as follows.
iny of the following conditions is true, the variable filterLeftMbEdgeFlag is set equal to 0.

thedeft vertical macroblock edge of the macroblock mbAddr represents a picture boundary

D — Boundaries in a macroblock to be filtered (luma boundaries shown with solid lines and chroma

T

are

=

riable

to 1),

disable deblocking_filter idc for the slice that contains the macroblock mbAddr is equal to 1

disable deblocking_filter idc for the slice that contains the macroblock mbAddr is equal to 2 and the left

vertical macroblock edge of the macroblock mbAddr represents a slice boundary

- Otherwise, the variable filterLeftMbEdgeFlag is set equal to 1.

- The variable filterTopMbEdgeFlag is derived as follows.

- If any of the following conditions is true, the variable filterTopMbEdgeFlag is set equal to 0.

150

the top horizontal macroblock edge of the macroblock mbAddr represents a picture boundary

disable deblocking_filter idc for the slice that contains the macroblock mbAddr is equal to 1
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- disable deblocking_filter idc for the slice that contains the macroblock mbAddr is equal to 2 and the top
horizontal macroblock edge of the macroblock mbAddr represents a slice boundary

- Otherwise, the variable filterTopMbEdgeFlag is set equal to 1.

2. Given the variables fieldModeMbFlag, filterInternalEdgesFlag, filterLeftMbEdgeFlag and filterTopMbEdgeFlag the
deblocking filtering is controlled as follows.

- When filterLeftMbEdgeFlag is equal to 1, the filtering of the left vertical luma edge is specified as follows.

- The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdgeFlag = 1,
fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yEi) = (0, k) with k= 0..15 as input and S'; as output.

; T T T ifred as follows.

- The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, vetticalEdgeFlag = 1,
fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, YEi) = (4, k) with k= 0..15 as input-and $'; as output.

- The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag'= 0, verticalEdgeFlag = 1,
fieldModeFilteringFlag = fieldModeMbFlag, and (XEy, YEy) = (8, k) with k = 0..15%as input and $'; as output.

- The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdgeFlag = 1,
fieldModeFilteringFlag = fieldModeMbFlag, and (XEy, YE,) = (12, k) with k= 0..15 as input and S'| as output.

-| When filterTopMbEdgeFlag is equal to 1, the filtering of the top horizontal Tuma edge is specified a$ follows.

- If MbaffFrameFlag is equal to 1, (mbAddr % 2) is equal(to)'0, mbAddr is greater than or equal to
2 * PicWidthInMbs, the macroblock mbAddr is a s frame macroblock, and the| macroblock
(mbAddr - 2 * PicWidthInMbs + 1) is a field macroblock, the following applies.

- The process specified in subclause 8.7.1 is invokedwith mbAddr, chromaEdgeFlag = 0, veiticalEdgeFlag
=0, fieldModeFilteringFlag = 1, and (xEy, yEi) ='(k, 0) with k = 0..15 as input and S',. as oufput.

- The process specified in subclause 8.7.1 is.invoked with mbAddr, chromaEdgeFlag = 0, veiticalEdgeFlag
=0, fieldModeFilteringFlag = 1, and (xEy, YE) = (k, 1) with k= 0..15 as input and S',. as oufput.

- Otherwise, the process specified in, subclause 8.7.1 is invoked with mbAddr, chromaE¢lgeFlag = 0,
verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yEi) = (k, 0) with k= 0..15 as
input and S',. as output.

-| When filterInternalEdgesFlag is*equal to 1, the filtering of the internal horizontal luma edges is specified as
follows.

- The process specified\in’subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdgeFlag = 0,
fieldModeFilteringFlag = fieldModeMbFlag, and (XEy, YEy) = (k, 4) with k= 0..15 as input and $'; as output.

- The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdgeFlag = 0,
fieldModgFilteringFlag = fieldModeMbFlag, and (XEy, YEy) = (k, 8) with k=0..15 as input and $'; as output.

- The pfocess specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 0, verticalEdgeFlag = 0,
fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, YEi) = (k, 12) with k = 0..15 as input and S'; as output.

-| Eof both chroma components iCbCr = 0 and 1, the following applies.

> When filterl eftMbEdgeFlag is equal to 1, the filtering of the left vertical chroma edge is specifi¢d as follows.

- The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 1, iCbCer,
verticalEdgeFlag = 1, fieldModeFilteringFlag = 1, and (xEy, yEx) = (0, k) with k= 0..7 as input and S'c
with C being replaced by Cb for iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as output.

- When filterInternalEdgesFlag is equal to 1, the filtering of the internal vertical chroma edge is specified as
follows.

- The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 1, iCbCer,
verticalEdgeFlag = 1, fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yEy) = (4, k) with k=0..7 as
input and S'c with C being replaced by Cb for iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as
output.
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- When filterTopMbEdgeFlag is equal to 1, the filtering of the top horizontal chroma edge is specified as
follows.

- W

Finally, the
respectively.

8.7.1  Filte

Input to this p
to 1), vertical

If MbaffFrameFlag is equal to 1, (mbAddr % 2) is equal to 0, mbAddr is greater than or equal to
2 * PicWidthInMbs, the macroblock mbAddr is a frame macroblock, and the macroblock (mbAddr—

2 * PicWidthInMbs + 1) is a field macroblock, the following applies.

- The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 1, iCbCer,
verticalEdgeFlag = 0, fieldModeFilteringFlag = 1, and (xEy, yE;) = (k, 0) with k = 0..7 as input and S'c

with C being replaced by Cb for iCbCr = 0 and C being replaced by Cr for iCbCr = 1 as output.

- The process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag = 1, iCbCer,
ettt o —0 e eEilterin nd = 1#h =0 0

..... dMNModeE ad B s 2 L L

with C beig relaced by Cb for iCbCr =0 ad C being replaced by Cr for iCbCr = 1 as output|

Otherwise, the process specified in subclause 8.7.1 is invoked with mbAddr, chromaEdgeFlag'='1, i

output.

The process specified in subclause 8.7.1 is invoked with mbAddr;<{chromaEdgeFlag = 1, i
verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and\(xEy, yEy) = (k, 4) with k= (
input and S'c with C being replaced by Cb for iCbCr = 0 and C_beitig replaced by Cr for iCbCr S
output.

NOTE - When field mode filtering (fieldModeFilteringFlag s equal to 1) is applied across the top hor

edges of a frame macroblock, this vertical filtering across the\top or bottom macroblock boundary may i1
some samples that extend across an internal block edge thap 1s/also filtered internally in frame mode.

NOTE — In all cases, 3 horizontal luma edges, 1 horizputal chroma edge for Cb, and 1 horizontal chroma ed

is applied to the top edges of a frame macroblogk, 2 horizontal luma, 2 horizontal chroma edges for Cb,
horizontal chroma edges for Cr between the frame macroblock and the above macroblock pair are filtered|
field mode filtering, for a total of up to S\ horizontal luma edges, 3 horizontal chroma edges for Cb,
horizontal chroma edges for Cr filtered thatare considered to be controlled by the frame macroblock. In al
cases, at most 4 horizontal luma, 2 horizontal chroma edges for Cb, and 2 horizontal chroma edges for
filtered that are considered to be controlled by a particular macroblock.

wrrays S’p, S’cp, S’cr are assighed to the arrays S, Scp, Scr (Which represent the decoded pid

ring process for block edges

rocess are mbAddr,\chromaEdgeFlag, the chroma component index iCbCr (when chromaEdgeFlag is
FdgeFlag, fieldModeFilteringFlag, and a set of sixteen luma (when chromaEdgeFlag is equal to 0) or

chroma (whe

upper left coner of thesmacroblock mbAddr. The set of sample locations (xEy, yEi) represent the sample loc

immediately

(when vertica|Edgé€Flag is equal to 0).

The variable nEus derived as follows.

chromaEdgeFlag is equal to 1) sample locations (XEy, yEyx), with k=0 .. nE - 1, expressed relative

the right-of a vertical edge (when verticalEdgeFlag is equal to 1) or immediately below a horizontal

and S'C

CbCr,

verticalEdgeFlag = 0, fieldModeFilteringFlag = fieldModeMbFlag, and (xEy, yEy) = (k, O)with k= (..7 as
input and S'c with C being replaced by Cb for iCbCr = 0 and C being replaced by Cr for iCbCr 5 1 as

hen filterInternalEdgesFlag is equal to 1, the filtering of the internal horizontal chroma edge is specifjed as
follows.

CbCr,
.7 as
1 as

zontal
ivolve

ge for

Cr are filtered that are internal to a macroblock. When'field mode filtering (fieldModeFilteringFlag is equall to 1)

and 2
using
and 3
other
Cr are

ture),

lequal
eight
o the
htions
edge

- If chromaEdgeFlag is equal to 0, nE is 16;

- Otherwise (chromaEdgeFlag is equal to 1), nE is 8.

Let s' be a var

iable specifying a luma or chroma sample array, be derived as follows.

- If chromaEdgeFlag is equal to 0, s' represents the luma sample array S'; of the current picture.

- Otherwise, if chromaEdgeFlag is equal to 1 and iCbCr is equal to 0, s' represents the chroma sample array S'cy, of the
chroma component Cb of the current picture.

- Otherwise (chromaEdgeFlag is equal to 1 and iCbCr is equal to 1), s’ represents the chroma sample array S'c; of the

chroma co

mponent Cr of the current picture.

The variable dy is derived as follows.
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- If fieldModeFilteringFlag is equal to 1 and MbaffFrameFlag is equal to 1, dy is set equal to 2.
- Otherwise (fieldModeFilteringFlag is equal to 0 or MbaffFrameFlag is equal to 0), dy is set equal to 1.

The position of the upper-left luma sample of the macroblock mbAddr is derived by invoking the inverse macroblock
scanning process in subclause 6.4.1 with mbAddr as input and the output being assigned to ( xP, yP ).

P3| pP2| p1| pO] 90| g1 | g2 | g3

Figure 8-10 — Convention for describing samples across a 4x4 block horizontal or vertical boundary

For epch sample location ( XEy, yEy ), k=0 .. nE - 1, the following applies.

- The filtering process is applied to a set of eight samples across a 4x4 block horizontal or vertical-edgg denoted as p;
afpd q; with i = 0..3 as shown in Figure 8-10 with the edge lying between p, and qo. p; and g; with'i = 0..3 are specified
aq follows.

If verticalEdgeFlag is equal to 1,

qi=s’[ xP +xEy +1, yP + yE; | (8-320)

pi=s’[xP+xEy—i—1,yP +yEy] (8-321)
- | Otherwise (verticalEdgeFlag is equal to 0),

qi=s[xP+xE, yP+dy * (yEx+1) - (yEx % 2) ] (8-322)

pi=s’[xP+xE, yP+dy * (yEx—i—1)—(yEx % 2) ] (8-323)

- The process specified in subclause 8.7.2 is invoked withthe sample values p; and q; (i = 0..3), chrpmaEdgeFlag,
v¢rticalEdgeFlag, and fieldModeFilteringFlag as input,.and*the output is assigned to the filtered results sample values
land q'; withi=0..2.

p
- The input sample values p; and q; with i = 0..2 awesreplaced by the corresponding filtered result sample|values p'; and
q| with i =0..2 inside the sample array s’ as follows.

- | If verticalEdgeFlag is equal to 1,

$’[ xP +xE +1, yP + yE ] =" (8-324)

' [xP+xEy—1—1, yP + yE ['=Dp' (8-325)
- | Otherwise (verticalEdgeFlag is equal to 0),

$’[ xP + xEy, yP £dy* (yEc+i) - (yEx % 2) 1=} (8-326)

[ xP +xEy, yPitdy * (yEx—i—1)—(yEx%2)]=Dp} (8-327)

8.7.2] Filtering)process for a set of samples across a horizontal or vertical block edge

Input to this'process are the input sample values p; and q; with 1 in the range of 0..3 of a single set of samples across an
edge fthat s to be filtered, chromaEdgeFlag, verticalEdgeFlag, and fieldModeFilteringFlag.

Outputsiof this process are the filtered result sample values p'; and g'; with i in the range 0f 0.2

The content dependent boundary filtering strength variable bS is derived as follows.

- If chromaEdgeFlag is equal to 0, the derivation process for the content dependent boundary filtering strength
specified in subclause 8.7.2.1 is invoked with py, qo, and verticalEdgeFlag as input, and the output is assigned to bS.

- Otherwise (chromaEdgeFlag is equal to 1), the following applies.

- If fieldModeFilteringFlag is equal to 0, the bS used for filtering a set of samples of a horizontal or vertical chroma
edge shall be set equal to the value of bS for filtering the set of samples of a horizontal or vertical luma edge,
respectively, that contains the luma sample at location (2 * x, 2 * y ) inside the luma array of the frame, where
(%, y) is the location of the chroma sample q, inside the chroma array for that frame.

- Otherwise (fieldModeFilteringFlag is equal to 1), the bS used for filtering a set of samples of a horizontal or
vertical chroma edge shall be set equal to the value of bS for filtering the set of samples of a horizontal or vertical
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luma edge, respectively, that contains the luma sample at location ( 2 * x, 2 * y ) inside the luma array of the same
field, where ( x, y ) is the location of the chroma sample q, inside the chroma array for that field.

The process specified in subclause 8.7.2.2 is invoked with py, qo, p1, q1, chromaEdgeFlag, and bS as input, and the output

is assigned to

filterSamplesFlag, indexA, o, and B.

Depending on the variable filterSamplesFlag, the following applies.

If filterSamplesFlag is equal to 1, the following applies.

bS, B, and indexA given as input, and the output is assigned to p'; and q'; (1 = 0..2).

If bS is less than 4, the process specified in subclause 8.7.2.3 is invoked with p; and g; (i = 0..3), chromaEdgeFlag,

- Otherwise (bS5 cqual to 4), the process specilied in subclause §.7.2.4 15 invoked with p; and q; (,—]0..3),
chromyEdgeFlag, o, and 3 given as input, and the output is assigned to p'; and q'; (1 = 0..2).
- Otherwisp (filterSamplesFlag is equal to 0), the filtered result samples p'; and q; (i = 0..2) are replaced By the
corresporjding input samples p; and q;:
fori=[0..2, P'i=Dpi (84328)
fori=[0..2, qi=q (84329)
8.7.2.1 Derjivation process for the luma content dependent boundary filtering strength
Inputs to this [process are the input sample values py and qo of a single set of samples. across an edge that is to be fiJtered
and verticalEdgeFlag.
Output of this| process is the variable bS.
Let the variable mixedModeEdgeFlag be derived as follows.
- If MbafframeFlag is equal to 1 and the samples py and qo are.in\different macroblock pairs, one of which is g field
macroblock pair and the other is a frame macroblock pair, mixedModeEdgeFlag is set equal to 1
- Otherwisp, mixedModeEdgeFlag is set equal to 0.
The variable BS is derived as follows.
- If the blgck edge is also a macroblock edge and\aily of the following conditions are true, a value of bS equdl to 4
shall be the output:
- the [samples py and qp are both in-frame macroblocks and either or both of the samples py or qo i in a
madroblock coded using an Intra-macroblock prediction mode
- the [samples py and qp arewboth in frame macroblocks and either or both of the samples py or qo if in a
madroblock that is in a slice with slice _type equal to SP or SI
- MbaffFrameFlag is equal to 1 or field pic flag is equal to 1, and verticalEdgeFlag is equal to 1, and either or
botl of the samples-py or qo is in a macroblock coded using an Intra macroblock prediction mode.
- MbaftFrameklag'is equal to 1 or field pic flag is equal to 1, and verticalEdgeFlag is equal to 1, and either or
botl of the'samples py or q is in a macroblock that is in a slice with slice_type equal to SP or SI
- Otherwispaif any of the following conditions are true, a value of bS equal to 3 shall be the output:

Intra macroblock prediction mode

with slice_type equal to SP or SI

ina

ina

154

macroblock coded using an Intra macroblock prediction mode

macroblock that is in a slice with slice type equal to SP or SI

Otherwise, if the following condition is true, a value of bS equal to 2 shall be the output:

mixedModeEdgeFlag is equal to 0 and either or both of the samples p, or qq is in a macroblock coded using an

mixedModeEdgeFlag is equal to 0 and either or both of the samples p, or qq is in a macroblock that is in a slice

mixedModeEdgeFlag is equal to 1, verticalEdgeFlag is equal to 0, and either or both of the samples p, or qq is

mixedModeEdgeFlag is equal to 1, verticalEdgeFlag is equal to 0, and either or both of the samples p, or qq is
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the 4x4 luma block containing sample po or the 4x4 luma block containing sample q, contains non-zero

transform coefficient levels

- Otherwise, if any of the following conditions are true, a value of bS equal to 1 shall be the output:

mixedModeEdgeFlag is equal to 1

mixedModeEdgeFlag is equal to0 and for the prediction of the macroblock/sub-macroblock partition

containing the sample p, different reference pictures or a different number of motion vectors are
the prediction of the macroblock/sub-macroblock partition containing the sample qq.

used than for

NOTE — The determination of whether the reference pictures used for the two macroblock/sub-macroblock partitions are

the same or different is based only on which pictures are referenced, without regard to whether a prediction
anindex into list 0 or an index into list 1 _and also without rpgard towhether or not the index anifirm hvval

is formed using
hin a reference

thetwise, a value of bS equal to 0 shall be the output.

picture list is different or not.

mixedModeEdgeFlag is equal to 0 and one motion vector is used to predict the macroblock/sy
partition containing the sample p, and one motion vector is used to predict the macroblock/sy
partition containing the sample qo and the absolute difference between the horizontahor vertical
the motion vectors used is greater than or equal to 4 in units of quarter luma frame(sgmples.

mixedModeEdgeFlag is equal to 0 and two motion vectors and two different reference picturg
predict the macroblock/sub-macroblock partition containing the sample p, and two motion vector
two reference pictures are used to predict the macroblock/sub-macroblock partition containing
and the absolute difference between the horizontal or vertical componént of the two motion vect
prediction of the two macroblock/sub-macroblock partitions for(the' same reference picture is g
equal to 4 in units of quarter luma frame samples.

mixedModeEdgeFlag is equal to 0 and two motion vectors for'the same reference picture are used
macroblock/sub-macroblock partition containing the samiple p, and two motion vectors for the s
picture as used to predict the macroblock/sub-macrobleck partition containing the sample py are |
the macroblock/sub-macroblock partition containing the sample q, and both of the following
true:

- The absolute difference between the horizontal or vertical component of list 0 motion vectd
prediction of the two macroblock/sub~macroblock partitions is greater than or equal to 4 ir
frame samples or the absolute difference between the horizontal or vertical component of th
vectors used in the prediction\of the two macroblock/sub-macroblock partitions is greater
to 4 in units of quarter luma-frame samples.

- The absolute differencelbetween the horizontal or vertical component of list 0 motion vect
prediction of the mderoblock/sub-macroblock partition containing the sample p, and the
vector used in the-prediction of the macroblock/sub-macroblock partition containing the|
greater than ot.equal to 4 in units of quarter luma frame samples or the absolute differenc
horizontalor vertical component of the list I motion vector used in the prediction of the m4
macroblock partition containing the sample p, and list 0 motion vector used in the pre
macrobleck/sub-macroblock partition containing the sample q, is greater than or equal td
quatter luma frame samples.

NOTE — A vertical difference of 4 in units of quarter luma frame samples is a difference of 2 in
luma field samples

b-macroblock
b-macroblock
component of

bs are used to
s for the same
the sample qq
rs used in the
reater than or

to predict the
hme reference
1sed to predict
tonditions are

rs used in the
quarter luma
b list 1 motion
than or equal

or used in the
list 1 motion
sample q is
e between the
croblock/sub-
diction of the
4 in units of

units of quarter

8.7.2.2 Derivation process for the thresholds for each block edge

Inputs to this process are the input sample values py, qo, p; and q; of a single set of samples across an edge that is to be
filtered, chromaEdgeFlag, and bS, for the set of input samples, as specified in 8.7.2.

Outputs of this process are the variable filterSamplesFlag, which indicates whether the input samples are filtered, the
value of indexA, and the values of the threshold variables o and 3.

Let qP, and qP, be variables specifying quantisation parameter values for the macroblocks containing the samples p, and
qo, respectively. The variables P, (with z being replaced by p or q) are derived as follows.

- If chromaEdgeFlag is equal to 0, the following applies.

- If the macroblock containing the sample z, is an I PCM macroblock, gP, is set to 0.
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of the macroblock containing the sample z,.

Otherwise

(chromaEdgeFlag is equal to 1), the following applies.

corresponds to a value of 0 for QPy as specified in subclause 8.5.5.

that corresponds to the value QPy of the macroblock containing the sample z, as specified in subclause 8.5.5.

Let qPav be a

variable specifying an average quantisation parameter. It is derived as follows.

Otherwise (the macroblock containing the sample z, is not an I PCM macroblock), qP, is set to the value of QPy

If the macroblock containing the sample z, is an I PCM macroblock, qP, is set to the value of QP that

Otherwise (the macroblock containing the sample z, is not an I PCM macroblock), qP, is set to the value of QPc

qPavH{(qP, T qP +T)>>1 (81330)
NOTE - In|SP and SI slices, qP,, is derived in the same way as in other slice types. QSy from Equation 7-17 is not used|in the
deblockingl|filter.
Let indexA bq a variable that is used to access the a table (Table 8-14) as well as the tc, table (Table-8-15), which i4 used
in filtering ofl edges with bS less than 4 as specified in subclause 8.7.2.3, and let indexB be a variable that is uged to
access the | table (Table 8-14). The variables indexA and indexB are derived as followsy ‘where the valups of
FilterOffsetA|and FilterOffsetB are the values of those variables specified in subclause 7.4.3\for the slice that coptains
the macroblodk containing sample q..
indexA = Clip3( 0, 51, qP,, + FilterOffsetA ) (84331)
indexH = Clip3( 0, 51, gP,, + FilterOffsetB ) (84332)
The threshold|variables o and f are specified in Table 8-14 depending on the values of indexA and indexB.
The variable filterSamplesFlag is derived by
filterSgmplesFlag = (bS =0 && Abs(po—qo) <o && Abs(pi—po) <P && Abs(qi—qo)<B) (8{333)
Tab]e 8-14 — Derivation of indexA and indexB:from offset dependent threshold variables a and
indexA (for o) or indexB (for )
O 123|456 |78 |~9%|10[11|12]|13 |14 (1516|1718 |19 20|21 |22 |23 24|25
a |0OjO}JO|j]O|JO[O]|]O|]O|W| O|]O]O|O|O|]O]|]O|4]|4|5]|6|7]|8]9]|1012]13
B 10OJO0OJO|O]|]O|O|OLO|O|O]O]O]O|O[O]O]2|2]|2[3 |3 |3 (34|44
Table 8-14 (concluded)—Dérivation of indexA and indexB from offset dependent threshold variables o and 3
indexA (for o) or indexB (for )
26 | 27128 N29 |30 |31 (32 (33|34 |35(36(37(38|39(40 (41 (42|43 (4445|4647 (48|49 |50/ 51
a 15 [ 17 2022725728 3236 [ 40 45 5056 [ 03 [ 71 [ 80 90 10T I3 27134 16271827203 72267255255
B 1667|7889 |9|10(10[11 |11 |12 (12|13 |13 |14 |14 |15|15]|16|16|17 |17 |18 |18

8.7.2.3 Filtering process for edges with bS less than 4

Inputs to this process are the input sample values p; and q; (i = 0..2) of a single set of samples across an edge that is to be
filtered, chromaEdgeFlag, bS, B, and indexA, for the set of input samples, as specified in 8.7.2.

Outputs of this process are the filtered result sample values p'; and ¢'; (i = 0..2) for the set of input sample values.

The filtered result samples p'y and q'y are derived by

A= Clip3(—tc, te, ((((Qo—po) <<2)+(p1—q)+4)>>3))

156
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p'o=Clipl(po+A) (8-335)
q'o=Clipl(qo—A4) (8-336)
where the threshold tc is determined as follows.
- If chromaEdgeFlag is equal to O,
te=teot ((a,<P)?1:0)+((ag<P)?1:0) (8-337)
- Otherwise (chromaEdgeFlag is equal to 1),
tc—tco 1 (8-338)
The threshold tc is specified in Table 8-15 depending on the values of indexA and bS.
Let a} and a4 be two threshold variables specified by
a,=Abs(p2—po) (8-339)
ag=Abs(q2—qo) (8-340)
The fiiltered result sample p'; is derived as follows
- IflchromaEdgeFlag is equal to 0 and a, is less than (3,
p'1 = p1 + Clip3(—tco, teo, (P2 + ((Po+ o+ 1)>>1)—(pr<<d ) >> 1) (8-341)
- Otherwise (chromaEdgeFlag is equal to 1 or a, is greater than-0t equal to ),
P =P (8-342)
The ffiltered result sample q'; is derived as follows
- If|chromaEdgeFlag is equal to 0 and aj is less than (3,
q'1 =qi + Clip3( —tco, tco, (2 + ((po ot 1)>>1)—(qi<<1)) >> 1) (8-343)
- Otherwise (chromaEdgeFlag is equal'to”1 or ag is greater than or equal to ),
91 =4 (8-344)
The ffiltered result samples p's.and q', are always set equal to the input samples p, and qp:
pP2=p2 (8-345)
q2=q (8-346)
Table 8-15 — Value of filter clipping variable tc, as a function of indexA and bS
indexA
O[1 (23 [4|5|/6|7[8|9|10[11|12|13|14[15]16|17|18|19]20|21|22|23|24|25
bS=1 ofo0;j0j0j0y0(0}j0{0|0|O0O]O|O|O0O|O]O]O]O|O0O[O]O]O|O0O|T1T]1]1
bS=2 ofojojojoy0(0j0{0|010j0O[0O]OJO]O]O]OJO[O]O|T |1 |1]1]1
bS=3 ofojojojoy0fo0jo0f{o0oj0fo0jof{ojojojojojryr{1rj1r{ryrf1rp1]1
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Table 8-15 (concluded) — Value of filter clipping variable tc, as a function of indexA and bS

indexA

26 (27128 |29(30(31|32(33/34|35|36|37(38/39|40|41 42|43 |44|45|46|47 48|49 |50|51

bS=1 r{1rj1 (1,11 {1}2(222(3[3|3|4|4|4|5/6|6/|7[8|9 10[11]|13
bS=2 r{1rj1(1|1}{2(2(2(2|3[(3|3|4/4|5|5|6|7|8|8]101112|13]15/|17
bS=3 121222333444 |5]6|6|7[8]9|10/11|13|14|16|18/20{23|25

8.7.2.4 Filtpring process for edges for bS equal to 4

Inputs to this process are the input sample values p; and q; (i = 0..3) of a single set of samples across an edge(that is|to be
filtered, the variable chromaEdgeFlag, and the values of the threshold variables o and B for the set oflsamplgs, as
specified in subclause 8.7.2.

Outputs of this process are the filtered result sample values p'; and ¢'; (i = 0..2) for the set of input sample values.
Let a, and a, be two threshold variables as specified in Equations 8-339 and 8-340, respectively,in subclause 8.7.2.3.
The filtered rgsult samples p'; (i = 0..2) are derived as follows.

- If chromaEdgeFlag is equal to 0 and the following condition holds,

a, <P [&& Abs(po—qo) <((a>>2)+2) (84347)
then the vgriables p'y, p';, and p'; are derived by

p'o=(p2+2%p; +2%pg +2%qo + q; +4)>>3 (84348)

pi=(p2tpitpotqot2)>>2 (8{349)

p2=(R*ps+3*pa+pi+tpo+qot4)>>3 (84350)

- Otherwise|(chromaEdgeFlag is equal to 1 or the condition'in Equation 8-347 does not hold), the variables p'y, p'}, and
p'» are der]ved by

po=(p*pi+tpotqit+2)>>2 (84351)
phi=p (8{352)
p2=p (84353)

The filtered r¢sult samples q'; (i = 0..2) are derived as follows.

- If chromakdgeFlag is equal to{0 and the following condition holds,
ag< P [&& Abs(pp<qp) <((a>>2)+2) (84354)

then the vgriables qY,.q';, and q'; are derived by

Qo= (p1F 2%5po +2%qp +2*q; + qu +4)>>3 (84355)
Q1=(poTQtqtqt+t2)>>2 (8-356)
qQ2=(2*q; +3*@+q+qotpot4)>>3 (8-357)

- Otherwise (chromaEdgeFlag is equal to 1 or the condition in Equation 8-354 does not hold), the variables q'y, q';, and
q', are derived by

Qo=(2*q +qotp1+2)>>2 (8-358)
q1=q (8-359)
q2=q (8-360)
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Parsing process

s to this process are bits from the RBSP.

Outputs of this process are syntax element values.

This process is invoked when the descriptor of a syntax element in the syntax tables in subclause 7.3 is equal to ue(v),
me(Vv), se(v), te(v) (see subclause 9.1), ce(v) (see subclause 9.2), or ae(v) (see subclause 9.3).

9.1

Parsing process for Exp-Golomb codes

This process is invoked when the descriptor of a syntax element in the syntax tables in subclause 7.3 is equal to ue(v),

me(v
entro

Input]
Outp

Syntg
Exp-
locat
to 0.

The ¥

wher

by _coding_mode flag is equal to 0.
5 to this process are bits from the RBSP.
its of this process are syntax element values.

x elements coded as ue(v), me(v), or se(v) are Exp-Golomb-coded. Syntax elements)coded as te(v
Golomb-coded. The parsing process for these syntax elements begins with reading the bits starting
on in the bitstream up to and including the first non-zero bit, and counting the number of leading bits
This process shall be equivalent to the following:

leadingZeroBits = -1;
for( b = 0; !b; leadingZeroBits++ )
b =read bits( 1)
ariable codeNum is then assigned as follows:
codeNum = 2'edineZeroBits _ 1 4 read bits( leadingZeroBits )

e the value returned from read bits( leadingZeroBits ) is interpreted as a binary representation o

S SC(V), OI I&(V). Ol Syax CICIENS 1T SUDCIausSeS  7.3.4 and 7.9.9, IS process 15 imnvoked

only when

are truncated
at the current
that are equal

[ an unsigned

Bits, and are
parsed in the
- 1, inclusive.

mative)

integer with most significant bit written first.
Tablg 9-1 illustrates the structure of the Exp-Golomb code by separating the bit string into “prefix” and “sufffix” bits. The
“pref]x” bits are those bits that are parsed in@he above pseudo-code for the computation of leadingZer
shown as either 0 or 1 in the bit string column of Table 9-1. The “suffix” bits are those bits that are
computation of codeNum and are shownas x; in Table 9-1, with i being in the range 0 to leadingZeroBits
Each|x; can take on values 0 or 1.
Table 9-1 — Bit strings with~“‘prefix” and “suffix” bits and assignment to codeNum ranges (infor]
Bit string form Range of codeNum
1 0
01 X0 1-2
00 1 x;, % 3-6
0001 x, x1 X 7-14
00001 %3 x5 X1 Xg 15-30
000001 x4 x3 X X7 Xp 31-62

Table 9-2 illustrates explicitly the assignment of bit strings to codeNum values.
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Table 9-2 — Exp-Golomb bit strings and codeNum in explicit form and used as ue(v) (informative)

Depending on

If the syn|

Otherwis
mapping
Otherwis
mapping
Otherwis

of this sy
of the val

If ]
syn
Oth
isg
b
co

9.1.1
Input to this p
Output of this

The syntax el
and represent
assignment ru

Table 9-3
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Bit string codeNum
1 0
010 1
011 2
00100 3
00101 4
00110 5
00111 6
0001000 7
0001001 8
0001010 9

the descriptor, the value of a syntax element is derived as follows.

tax element is coded as ue(v), the value of the syntax element is equal to codeNum.

N
>

if the syntax element is coded as se(v), the value of the syntax elemient is derived by invokin
process for signed Exp-Golomb codes as specified in subclause 9.1.1 with codeNum as the input.

b
o

if the syntax element is coded as me(v), the value of the syntax element is derived by invokin
process for coded block pattern as specified in subclause 9.1.2 with codeNum as the input.

b (the syntax element is coded as te(v)), the range of the syntax element shall be determined first. The
ntax element may be between 0 and x, with x being greater than or equal to 1 and is used in the deriy
ue of a syntax element as follows

is greater than 1, codeNum and the value of th¢’syntax element shall be derived in the same way
ax elements coded as ue(v)

erwise (X is equal to 1), the parsing process for codeNum which is equal to the value of the syntax el

ven by a process equivalent to:
= read bits( 1)
JeNum = !b

Mapping process for signed Exp-Golomb codes

rocess is codeNum asspecified in subclause 9.1.

process is a value-of a syntax element coded as se(v).

bment is assigned to the codeNum by ordering the syntax element by its absolute value in increasing
ing the. positive value for a given absolute value with the lower codeNum. Table 9-3 providd
le.

g the

g the

range
ration

hs for

bment

order
s the

codeNum | syntax element value

0 0

1 1

2 -1

3 2

4 -2

5 3

6 -3

k D*! Ceil(k=2)
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9.1.2  Mapping process for coded block pattern
Input to this process is codeNum as specified in subclause 9.1.
Output of this process is a value of the syntax element coded block pattern coded as me(v).

Table 9-4 shows the assignment of coded block pattern to codeNum depending on whether the macroblock prediction
mode is equal to Intra_4x4 or Inter.

Table 9-4 — Assignment of codeNum to values of coded_block_pattern for macroblock prediction modes

codeNum coded_block_pattern
Intra_4x4 Inter
0 47 0
1 31 16
2 15 1
3 0 2
4 23 4
5 27 8
6 29 32
7 30
8 7 5
9 11 10
10 13 12
11 14 15
12 39 47
13 43 7
14 45 11
15 46 13
16 16 14
17 3 6
18 5 9
19 10 31
20 12 35
21 19 37
22 21 42
23 26 44
24 28 33
25 35 34
26 37 36
27 42 40
28 44 39
29 1 43
30 2 45
31 4 46
32 8 17
33 17 18
34 18 20
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35 20 24
36 24 19
37 6 21
38 9 26
39 22 28
40 25 23
41 32 27
42 33 29
3 24 20
44 36 22
45 40 25
46 38 38
47 41 41
9.2 CAYLC parsing process for transform coefficient levels

This process s invoked when parsing syntax elements with descriptor equal to cé(v) in subclause 7.3.5.3.1 and [when
entropy_codipg mode flag is equal to 0.

Inputs to this process are bits from slice data, a maximum number ‘of non-zero transform coefficient |evels
maxNumCoeff, the luma block index luma4x4BIlkIdx or the chroma blpekiindex chroma4x4BlkIdx of the current plock
of transform doefficient levels.

Output of thig process is the list coeffLevel containing transform. coefficient levels of the luma block with block findex
luma4x4BIkIgx or the chroma block with block index chroma4x4BlkIdx.

The process i§ specified in the following ordered steps:
1. All transform coefficient levels, with indices from\0’to maxNumCoeff - 1, in the list coeffLevel are set equal to 0.

2. The total|number of non-zero transform coefficient levels TotalCoeff( coeff token ) and the number of trailing one
transforn] coefficient levels TrailingOnes(.coeff token ) are derived by parsing coeff token (see subclause 9.2.1) as
follows.

- If th¢ number of non-zero transform coefficient levels TotalCoeff( coeff token ) is equal to 0, the list coefflLevel
containing 0 values is returned and no further step is carried out.

- Othefwise, the followihg)steps are carried out.

a. ['he non-zero, transform coefficient levels are derived by parsing trailing ones sign flag, level prefix, and
evel suffix\(see subclause 9.2.2).

b. [The muns of zero transform coefficient levels before each non-zero transform coefficient level are derivied by
parSing total zeros and run_before (see subclause 9.2.3).

c. he Ievel and run information are combined 1nto the list coetilLevel (see subclause 9.2.4).

9.2.1 Parsing process for total number of transform coefficient levels and trailing ones

Inputs to this process are bits from slice data, a maximum number of non-zero transform coefficient levels
maxNumCoeff, the luma block index luma4x4BIlkIdx or the chroma block index chroma4x4BlkIdx of the current block
of transform.

Outputs of this process are TotalCoeff( coeff token ) and TrailingOnes( coeff token ).

The syntax element coeff token is decoded using one of the five VLCs specified in five right-most columns of Table 9-5.
Each VLC specifies both TotalCoeff( coeff token ) and TrailingOnes( coeff token ) for a given codeword coeff token.
VLC selection is dependent upon a variable nC that is derived as follows.

- Ifthe CAVLC parsing process is invoked for ChromaDCLevel, nC is set equal to —1,
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Otherwise, the following applies.

When the CAVLC parsing process is invoked for Intral 6x16DCLevel, luma4x4BlkIdx is set equal to 0.
The variables blkA and blkB are derived as follows.

If the CAVLC parsing process is invoked for Intral6x16DCLevel, Intral6x16ACLevel, or LumalLevel, the
process specified in subclause 6.4.7.3 is invoked with luma4x4Blkldx as the input, and the output is assigned
to mbAddrA, mbAddrB, luma4x4BlkldxA, and luma4x4BlkldxB. The 4x4 luma block specified by
mbAddrA\luma4x4BlkIdxA is assigned toblkA, and the 4x4 luma block specified by
mbAddrB\luma4x4BlkIdxB is assigned to blkB.

Otherwise (the CAVLC parsing process is invoked for ChromaACLevel), the process specified in subclause

6.4.7.4 is invoked with chroma4x4Blkldx as input, and the output is assigned to mbAddrA, mbAddrB,
chromad4x4BlkldxA, and  chroma4x4BlkldxB. @ The 4x4 chroma  block (\specified by
mbAddrA\iCbCr\chroma4x4BlkIdxA is assigned to blkA, and the 4x4 chromarblock |specified by
mbAddrB\iCbCr\chroma4x4BlkIdxB is assigned to blkB.

Let nA and nB be the number of non-zero transform coefficient levels (given by (FotalCoeff( co¢ff token )) in
the block of transform coefficient levels blkA located to the left of the current bleck and the block of transform

coefficient levels blkB located above the current block, respectively.

With N replaced by A and B, in mbAddrN, blkN, and nN the following applies.

Given theyalues of nA and nB, the variable nC is derived as follows.

- If both mbAddrA and mbAddrB are available, the variable nC is set equal to (nA+nB + 1) >> .

If any of the following conditions is true, nN is set equal to 0.
- mbAddrN is not available

- The current macroblock is coded using an Intra prediction mode, constrained intra_pred| flag is equal
to 1 and mbAddrN is coded using Inter prediction'dnd slice data partitioning is in use (nal_pnit_type is in
the range of 2 to 4, inclusive).

- The macroblock mbAddrN has mb_type equal to P_Skip or B_Skip

- All AC residual transform coefficientdevels of the neighbouring block blkN are equal tp 0 due to the
corresponding bit of CodedBlockPatternLuma or CodedBlockPatternChroma being equal tq 0

Otherwise, if mbAddrN is an I PCM macroblock, nN is set equal to 16.

Otherwise, nN is set equal to the value TotalCoeff( coeff token ) of the neighbouring block blkiN.

NOTE - The values nALand nB that are derived using TotalCoeff( coeff token ) do not include thg DC transform
coefficient levels idInfra 16x16 macroblocks or DC transform coefficient levels in chroma blockg, because these
transform coefficient levels are decoded separately. When the block above or to the left belongs tolan Intra_16x16
macroblock, oris a chroma block, nA and nB is the number of decoded non-zero AC transform coefficient levels.

NOTE - _When parsing for Intral6x16DCLevel, the values nA and nB are based on the number of non-zero
transform ¢oefficient levels in adjacent 4x4 blocks and not on the number of non-zero DC transform coefficient
levelsiin’adjacent 16x16 blocks.

< ,‘Otherwise (mbAddrA is not available or mbAddrB is not available), the variable nC is set equal fo nA + nB.

inclusive.

1 == 1 oo s 1 1 e 1 1o £o 1 1111 . 1 e~
dIUC O TOldICOCLI{ COCLI_TOKCIT ) TCSUIUIIE ITOIT dCCOUHIIE COCII_LOKCIT SIIdIT OC 11T UIC T4IIgT O1' U 10 1T aXNumCoeff,
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Table 9-5 — coeff _token mapping to TotalCoeff( coeff token ) and TrailingOnes( coeff token )

TrailingOnes TotalCoeff 0 <=nC <2 2 <=nC <4 4 <=nC<8|8<=nC |nC == -1
( coeff _token) | ( coeff token)

0 0 1 11 1111 0000 11 01

0 1 0001 01 0010 11 0011 11 0000 00 0001 11
1 1 01 10 1110 0000 01 1

0 2 00000111 0001 11 0010 11 0001 00 0001 00
1 2 0001 00 00111 01111 0001 01 0001 10
2 2 001 011 1101 0001 10 001

0 3 0000 0011 1 0000 111 0010 00 0010 00 00001
1 3 0000 0110 0010 10 01100 001001 0000 011
2 3 0000 101 0010 01 01110 001010 0000 010
3 3 0001 1 0101 1100 0010.11 0001 01
0 4 0000 0001 11 00000111 0001 111 0011 00 0000 10
1 4 0000 00110 0001 10 01010 001101 0000 001
2 4 0000 0101 0001 01 010141 0011 10 0000 001
3 4 0000 11 0100 1094 0011 11 0000 000
0 5 0000 0000 111 0000 0100 0001 011 0100 00 -

1 5 0000 0001 10 0000 110 01000 0100 01 -

2 5 0000 0010 1 0000 101 0100 1 0100 10 -

3 5 0000 100 00110 1010 010011 -

0 6 0000 0000 0111 1 000020011 1 0001 001 0101 00 -

1 6 0000 0000 110 0000 0110 0011 10 0101 01 -

2 6 0000 0001 01 0000 0101 0011 01 0101 10 -

3 6 0000 0100 0010 00 1001 0101 11 -

0 7 0000 00000101 1 0000 0001 111 0001 000 0110 00 -

1 7 0000,0000 0111 0 0000 0011 0 0010 10 0110 01 -

2 7 0000 0000 101 0000 0010 1 001001 011010 -

3 7 0000 0010 0 0001 00 1000 011011 -

0 8 0000 0000 0100 0 0000 0001 011 0000 1111 0111 00 -

1 8 0000 0000 0101 0 0000 0001 110 0001 110 011101 -

2 8 0000 00000110 1 0000 0001 101 0001 101 011110 -

3 8 0000 0001 00 0000 100 01101 011111 -

0 9 00000000 00T T 1T 00000000 TT1T 0000 TOTT TO00 00 -

1 9 0000 0000 0011 10 0000 0001 010 0000 1110 1000 01 -

2 9 0000 0000 0100 1 0000 0001 001 0001 010 1000 10 -

3 9 0000 0000 100 0000 0010 0 0011 00 1000 11 -

0 10 0000 0000 0010 11 0000 0000 1011 000001111 1001 00 -

1 10 0000 0000 0010 10 0000 0000 1110 0000 1010 1001 01 -

2 10 0000 0000 0011 01 0000 0000 1101 0000 1101 1001 10 -

3 10 0000 0000 01100 0000 0001 100 0001 100 1001 11 -

0 11 0000 0000 0001 111 | 0000 0000 1000 00000101 1 1010 00 -

1 11 0000 0000 0001 110 | 0000 0000 1010 000001110 1010 01 -
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2 11 0000 0000 0010 01 0000 0000 1001 0000 1001 101010 -
3 11 0000 0000 0011 00 0000 0001 000 0000 1100 101011 -
0 12 0000 0000 0001 011 | 0000 000001111 | 000001000 1011 00 -
1 12 0000 0000 0001 010 | 0000 000001110 | 000001010 1011 01 -
2 12 0000 0000 0001 101 | 0000 000001101 [ 00000110 1 1011 10 -
3 12 0000 0000 0010 00 0000 0000 1100 0000 1000 101111 -
0 13 0000 0000 0000 1111 | 0000 0000 0101 1 | 0000 0011 01 1100 00 -
1 13 0000 0000 0000 001 | 0000 0000 01010 [ 00000011 1 1100 01 -
2 13 0000 0000 0001 001 | 0000 0000 01001 | 00000100 1 1100 10
3 13 0000 0000 0001 100 | 0000 000001100 | 000001100 110001
0 14 0000 0000 0000 1011 | 0000 0000 0011 1 | 0000 0010 01 119100
1 14 0000 0000 0000 1110 | 0000 0000 0010 11 [ 0000 0011 00..}»1101 01
2 14 0000 0000 0000 1101 | 0000 0000 00110 | 0000 0010:LT 1101 10
3 14 0000 0000 0001 000 | 0000 0000 01000 | 0000 0610 10 [ 110111
0 15 0000 0000 0000 0111 | 0000 0000 0010 01 | 60600001 01 111000
1 15 0000 0000 0000 1010 | 0000 0000 0010 00~{\0000 001000 | 111001
2 15 0000 0000 0000 1001 | 0000 0000 0010720 [ 0000 0001 11 111010
3 15 0000 0000 0000 1100 | 0000 00000000 1 [ 0000 0001 10 | 111011
0 16 0000 0000 0000 0100 | 00000060 0001 11 [ 0000 0000 01 1111 00
1 16 0000 0000 0000 0110 | 0000 0000 0001 10 | 0000 0001 00 | 111101

16 0000 0000 0000 0101%0O000 0000 0001 01 [ 0000 0000 11 111110
3 16 0000 0000 00001600 | 0000 0000 0001 00 [ 0000 0000 10 | 111111

9.2.2| Parsing process for level information

Inputs to this process are bits from slice data,

the number of non-zero

transform coefficient levels

TotalCoeff( coeff token ), and the numbet of trailing one transform coefficient levels TrailingOnes( coeff token ).

Outpit of this process is a list with hame level containing transform coefficient levels.

Initiajly an index i is set equal to 0. Then the following procedure is iteratively applied TrailingOnes( coeff] token ) times
to degode the trailing onetranisform coefficient levels (if any):

- A 1-bit syntax element trailing_ones_sign flag is decoded and evaluated as follows.

- The’index i is incremented by 1.

- Iftrailing_enes_sign flag is equal to 0, the value +1 is assigned to level[ i ].

- Otherwise (trailing_ones_sign flag is equal to 1), the value -1 is assigned to level[ i ].

Followmg the decoding of The Trailing one transiorm Coeliicient ICvels, a variable suifixLengih 1S mitialised as follows.

- If TotalCoeff( coeff token ) is greater than 10 and TrailingOnes( coeff token ) is less than 3, suffixLength is set

equal to 1.

- Otherwise (TotalCoeff( coeff token) is less than or equal to 10 or TrailingOnes( coeff token) is equal to 3),

suffixLength is set equal to 0.

The following procedure is then applied iteratively ( TotalCoeff( coeff token ) — TrailingOnes( coeff token ) ) times to

decode the remaining levels (if any):

- The syntax element level prefix is decoded using the VLC specified in Table 9-6.

- The variable levelSuffixSize is set equal to the variable suffixLength with the exception of the following two cases.

- When level prefix is equal to 14 and suffixLength is equal to 0, levelSuffixSize is set equal to 4.
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- When level prefix is equal to 15, levelSuffixSize is set equal to 12.

- The syntax element level suffix is decoded as follows.

- If levelSuffixSize is greater than 0, the syntax element level suffix is decoded as unsigned integer representation
u(v) with levelSuffixSize bits.

- Otherwise (levelSuffixSize is equal to 0), the syntax element level suffix shall be inferred to be equal to 0.

- A variable levelCode is set equal to (level prefix << suffixLength) + level suffix.

- When level prefix is equal to 15 and suffixLength is equal to 0, levelCode is incremented by 15.

- When the

index i is equal to TrailingOnes( coeff token ) and TrailingOnes(_coeff token ) is smaller than 3, leve]Code

is increme
- The varial
- Ifleve
- Otherv

nted by 2.

le level[ i ] is derived as follows.

Code is an even number, the value ( levelCode + 2 ) >> 1 is assigned to level[ i ].

ise, the value ( -levelCode — 1) >> 1 is assigned to level[ i ].

- When suffixLength is equal to 0, suffixLength is set equal to 1.

- When the
suffixLeng

- The index

pth is incremented by 1.

iis incremented by 1.

Table 9-6 — Codeword table for level prefix

level prefix

bit string

1

01

001

0001

00001

0000 01

0000 001

0000 0001

0000 0000 1

O[R[N |W[IN|[—|O

0000 0000 01

—_
(=)

0000 0000 001

—_—
—_—

0000 0000 0001

—_—
[\

0000 0000 0000 1

—_
w

0000 0000 0000 01

absolute value of level[ i ] is greater than ( 3 << ( suffixLength — 1 ) ) afid,suffixLength is less than 6,

9.2.3

Inputs

to this process

are bits

_.
o

0000 0000 0000 001

—_—
(9}

0000 0000 0000 0001

Parsing process for run information

from slice data,

the number of non-zero transform coefficient levels

TotalCoeff( coeff token ), and the maximum number of non-zero transform coefficient levels maxNumCoeff.

Output of this process is a list of runs of zero transform coefficient levels preceding non-zero transform coefficient levels

called run.

Initially, an in

166

dex i is set equal to 0.
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- If the number of non-zero transform coefficient levels TotalCoeff( coeff token ) is equal to the maximum number of
non-zero transform coefficient levels maxNumCoeff, a variable zerosLeft is set equal to 0.

- Otherwise (the number of non-zero transform coefficient levels TotalCoeff( coeff token ) is less than the maximum
number of non-zero transform coefficient levels maxNumCoeft), total zeros is decoded and zerosLeft is set equal to

its value.

The VLC used to decode total zeros is derived as follows:

- If maxNumCoeff is equal to 4 one of the VLCs specified in Table 9-9 is used.

1 . h Pl £ 1 4 A2 AP B = il T B Y. 1 11 o QO 1
- CLUCl WISC (IHNAaXINUIITCOCIT IS TIOT CHUal tU =), vV LUS IO T dUIC Z7=7"dllld 1 dUICT 7=6 dIT USTU.

The following procedure is then applied iteratively ( TotalCoeff( coeff token)— 1) times:

- The variable run[ i ] is derived as follows.

- The value of run[ i ] is subtracted from zerosLeft and the result assigned to,zetosLeft. The result of t
ghall be greater than or equal to 0.

- The index i is incremented by 1.

Finally the value of zerosLeft is assigned to run[ i ].

- Otherwise (zerosLeft is equal to 0), run[ i ] is set equal to 0.

Table 9-7 — total_zeros tables for 4x4 blocks.with TotalCoeff( coeff_token ) 1 to 7

- If zerosLeft is greater than zero, a value run_before is decoded based on Table 9-10 and zeroslleft. run[ i] is
set equal to run_before.

he subtraction

total_zeros TotalCoeff( coeff token )
1 2 3 4 5 6 7
0 1 111 0101 00011 | 0101 0000 01 | 0000 01
1 011 o 111 111 0100 00001 | 00001
2 010 101 110 0101 0011 111 101
3 0011 100 101 0100 111 110 100
4 0010 011 0100 110 110 101 011
5 0001 1 0101 0011 101 101 100 11
6 0001 0 0100 100 100 100 011 010
7 0000 11 0011 011 0011 011 010 0001
8 0000 10 0010 0010 011 0010 0001 001
9 0000 011 00011 | 00011 | 0010 0000 1 | 001 0000 00
10 0000 010 00010 | 00010 | 00010 | 0001 0000 00
11 0000 0011 0000 11 [ 000001 | 00001 | 0000 0
12 0000 0010 0000 10 | 00001 | 00000
13 0000 0001 1 | 000001 [ 0000 00
14 0000 0001 0 | 0000 00
15 0000 0000 1
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Table 9-8 — total_zeros tables for 4x4 blocks with TotalCoeff( coeff _token ) 8 to 15

total_zeros TotalCoeff( coeff_token )
8 9 10 11 12 13 14115
0 0000 01 | 000001 | 0000 1 | 0000 | 0000 | 000 [ 00 | O
1 0001 0000 00 | 00000 | 0001 [ 0001 | 001 | O1 | 1
2 00001 | 0001 001 001 | 01 1 1
3 011 11 11 010 |1 01
4 11 10 10 1 001
5 10 001 01 011
6 010 01 0001
7 001 0000 1
8 0000 00

Table 9-9 — total_zeros tables for chroma DC 2x2 blocks

total zeros | TotalCoeff( coeff token )
1 2 3

0 1 1 1

1 01 01 0

2 001 00

3 000

Table 9-10 — Tables for run_before

run_before | zerosLeft
11203 |4 5 6 >6
0 -1t 11|11 11 11 111
1 0101|1010 |10 | 000 | 110
2 -100|01]|01 |O11]|o001] 101
3 - - 00 | 001 | 010 | O11 | 100
4 - - - 000 | 001 | 010 | O11
5 - - - - 000 | 101 | 010
6 - - - - - 100 | 001
7 - - - - - - 0001
8 - - - - - 00001
9 - - - - - - 000001
10 - - - - - - 0000001
11 - |- - - - - 00000001
12 - - - - - - 000000001
13 - - - - - - 0000000001
14 - - - - - - 00000000001

9.2.4  Combining level and run information

Input to this process are a list of transform coefficient levels called level, a list of runs called run, and the number of non-
zero transform coefficient levels TotalCoeff( coeff token ).
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Output of this process is an list coeffLevel of transform coefficient levels.

A variable coeffNum is set equal to -1 and an index i is set equal to ( TotalCoeff( coeff token) — 1 ). The following
procedure is iteratively applied TotalCoeff( coeff token ) times:

- coeffNum is incremented by run[ i ] + 1.
- coeffLevel[ coeffNum ] is set equal to level[ i ].

- The index i is decremented by 1.

9.3 CABAC parsing process for slice data

This [process is invoked when parsing syntax elements with descriptor ae(v) in subclauses 7.3.4 and 7.3.5 when
entropy coding_mode_flag is equal to 1.

Inputp to this process are a request for a value of a syntax element and values of prior parsed syntax elemen

12

Outppit of this process is the value of the syntax element.

Wher starting the parsing of the slice data of a slice in subclause 7.3.4, the initialisatiorizprocess of the CABAC parsing
procdss is invoked as specified in subclause 9.3.1.

The parsing of syntax elements proceeds as follows:
For epch requested value of a syntax element a binarization is derived as degsetibed in subclause 9.3.2.

The pinarization for the syntax element and the sequence of parsed\bins determines the decoding prpcess flow as
descrjibed in subclause 9.3.3.

For efch bin of the binarization of the syntax element, which issindexed by the variable binldx, a context ipdex ctxIdx is
derivpd as specified in subclause 9.3.3.1.

For epch ctxIdx the arithmetic decoding process is invoked“as specified in subclause 9.3.3.2.

The fesulting sequence ( by .. byiniax ) of parsed bins isscompared to the set of bin strings given by the binarifation process
after |[decoding of each bin. When the sequence matches a bin string in the given set, the corresponding palue shall be
assighed to the syntax element.

In case the request for a value of a syntax element is processed for the syntax element mb_type and the deqoded value of
mb_type is I PCM, the decoding enginé.shall be initialised after the decoding of the pcm_alignment zdro bit and all
pcm |byte data as specified in subclause9.3.1.2.

The Wwhole CABAC parsing process is illustrated in the flowchart of Figure 9-1 with the abbreviation BE for syntax
elemg¢nt.
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CABACParsing(SE)
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Initialisation of
context variables

Initialisation of
decoding engine
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Get Binarization(SE

i

9.3.1 Initi
Outputs of thi
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subclause 7.3

The process i
macroblock o

Get ctxldx(binldx

l

DecodeBin(ctxldx)

(Bg5--s pinigy) N
Binarization(SE) ?

E == mb_type
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_PCM?
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Initialisation of
decoding engine
No ‘

figure 9-1 — Illustration of CABAG-parsing process for a syntax element SE (informative)

hlisation process
5 process are initialised CABAC internal variables.

5 in subclauses:9.3.1.1 and 9.3.1.2 are invoked when starting the parsing of the slice data of a sl
4.

h subclause 9.3.1.2 is also invoked after decoding the pcm_alignment_zero bit and all pcm_byte data
f type T PCM.

9.3.1.1

Initialisation process for context variables

Outputs of this process are the initialised CABAC context variables indexed by ctxIdx.

ce in

for a

Table 9-12 to Table 9-23 contain the values of the variables n and m used in the initialisation of context variables that are
assigned to all syntax elements in subclauses 7.3.4 and 7.3.5 except for the end-of-slice flag.

For each context variable, the two variables pStateldx and valMPS are initialised.

NOTE - The variable pStateldx corresponds to a probability state index and the variable valMPS corresponds to the value of the
most probable symbol as further described in subclause 9.3.3.2.

The two values assigned to pStateldx and valMPS for the initialisation are derived from SliceQPy, which is derived in
Equation 7-16. Given the two table entries ( m, n ),

1.

170

preCtxState = Clip3( 1, 126, ( ( m * SliceQPy )>>4)+n)
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2. if( preCtxState <= 63) {
pStateldx = 63 - preCtxState

valMPS =0
} else {

pStateldx = preCtxState - 64

valMPS =1
}

ISO/IEC 14496-10:2004(E)

In Table 9-11, the ctxIdx for which initialisation is needed for each of the slice types are listed. Also listed is the table
number that includes the values of m and n needed for the initialisation. For P, SP and B slice type, the initialisation

depeifds also on the value of the cabac_init_idc syntax element. INote that the syntax element names go |not affect the
initialisation process.
Table 9-11 — Association of ctxIdx and syntax elements for each slice type in the initialisation pgrocess
Slice type
Syntax element Table
SI I P, SP B
mib,_skip_flag ?‘E}e g'ii 1113 | 24-6
slice_data() aple >-
mb_field decoding_flag Table 9-18 70-72 70-72 70-72 70-p2
Table 9-12,
mb_type Table 9-13; 0-10 3-10 14-20 27-B5
Table9-14:
coded_block_pattern Tablé 9-18 | 73-76 73-76 73-76 73-16
macroblock layer( ) (luma)
coded_block_pattem Table9-18 | 7784 | 77-84 | 7784 | 774
(chroma)
mb_gp_deltd Table 9-17 | 60-63 60-63 60-63 60-p3
prev_intra4x4_pred mode flag | Table 9-17 68 68 68 6
mb_pred() rem_infra4x4 pred mode Table 9-17 69 69 69 6
intra’ chroma pred mode Table 9-17 64-67 64-67 64-67 64-67
ref_idx_10 Table 9-16 54-59 54-59
ref idx 11 Table 9-16 54-59
mb_pred()d mvd _10[][][0] Table 9-15 40-46 4046
subgiCpred( ) mvd 1[I 0] Table 9-15 4046
mvd 10[][1[1] Table 9-15 47-53 47-53
mvd 111 1] Table 9-15 47-53
b mb,_pred() b mb TableS-13 2123 | 3639
sub m et sub m c - -
P mb_typ Table 9-14
coded_block flag Table 9-18 85-104 85-104 85-104 85-104
significant_coeff flag[ ] Table 9-19, | 105-165, | 105-165, | 105-165, | 105-165,
£ _coctl_tag Table 9-22. | 277-337 | 277-337 | 277-337 | 277-337
residual block cabac()
last_significant_coeff flag[ ] Table 9-20, | 166-226, | 166-226, | 166-226, | 166-226,
S8 —coetl_tlag Table 9-23. | 338-398 | 338-398 | 338-398 | 338-398
coeff _abs_level minusl[ ] Table 9-21 227-275 227-275 227-275 227-275
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NOTE - ctxldx equal to 276 is associated with the end of slice flag and the bin of mb type, which specifies the I PCM
macroblock type. The decoding process specified in subclause 9.3.3.2.4 applies to ctxIdx equal to 276. This decoding process,
however, may also be implemented by using the decoding process specified in subclause 9.3.3.2.1. In this case, the initial values
associated with ctxIdx equal to 276 are specified to be pStateldx = 63 and valMPS = 0, where pStateldx = 63 represents a non-
adapting probability state.

Table 9-12 — Values of variables m and n for ctxIdx from 0 to 10

Initialisation ctxIdx
iabl
variables 0 | ) R ) 5 p . . ; ”
m 20 2 3 20 2 3 g "1 . | -
n 15 | 54 74 | 15 | 54 74 | 127 | 104 | 53 54 51

Table 9-13 — Values of variables m and n for ctxIdx from 11 to 23

Value of Initialisation ctxldx
cabac_init_idq |  variables m| 2| B | 15| 16| 17|18 |a~] 20| 21| 22 ||z
0 m 3 | 23 | 21 1 o | 37 | 5 | () | o1 12 | 4 ||17
n 3| 2 0 9 | 49 |18 | 57 8 | 65 | 62 | 49 | 73 ||50
1 m 2 | 34 | 16| 2 4 | 29 |G 6 | 13| 5 9 3 |10
n 25 0 0 9o | a1 |18 65 | 71 | 79 | 52 | s0 | 70 ||54
2 m 29 | 25 | 14 | 10| 3 [27 | 26 | 4 | 24 | s 6 | <17 |14
n 6 | o 0o | st | e | 99 | 16 | 8 [ 102 | 57 | 57| 13 ||57

Table 9-14 — Values of variables m and n for ctxIdx from 24 to 39

Value of Initialisation ctxldx
cabac_init idq | variables | ) | s 126 | 27 | 28 | 29 | 30 | 31 | 32 | 33 | 34 | 35 | 36 | 37 | 38 || 30
0 m 89 2926|169 46|21 |31 |6|17]6]|o
n 64 | 43| 0 | 67 | 90 | 104 | 127|104 | 67 | 78 | 65 | 62 | 86 | 95 | 61 || 45
1 m 26 | 19 | 40 | 57 | 41 | 26 | 45| 15| 4 | 6 | 3| 5 | 6 |13 0 ||s
% 34 | 22| 0| 2 | 36|60 |127]101] 76 | 71| 79| 52|60 | 90 | 52|43
2 m 20 | 20 | 20 | 54 | 37 | 12 |32 22| 2 | 4 | 24| 5 | 6 |14 6 | 4
n 40 | 10| 0o | o |42 |97 | 127|117 | 74 | 85 | 102| 57 | 93 | 88 | 44 | 55
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Table 9-15 — Values of variables m and n for ctxIdx from 40 to 53

Value of Initialisation ctxldx
cabac_init ide | variables | 0|, | 4 43 | 44 | 45 | 46 | 47 | 48 | 49 | 50 | 51 | 52 | s3
0 m -3 -6 -11 6 7 -5 2 0 -3 -10 5 4 -3 0
n 69 81 96 55 67 86 88 58 76 94 54 69 81 88
1 m -2 -5 -10 2 2 -3 -3 1 -3 -6 0 -3 -7 -5
n 69 82 96 59 75 87 100 56 74 85 59 81 86 95
2 m -11 -15 =21 19 20 4 6 1 -5 -13 5 6 -3 -1
n 89 103 116 57 58 84 96 63 85 106 63 75 90 101
Table 9-16 — Values of variables m and n for ctxIdx from 54 to 59
Value of Initialisation coddy
cabac_init_idc variables 54 55 56 57 58 59
0 m -7 5 A 5 7 1
n 67 74 74 80 72 58
1 m -1 -1 1 2 5 0
n 60 77 70 86 72 61
2 m 3 -4 2 -12 -7 1
n 55 79 75 97 50 60
Table 9-17-— Values of variables m and n for ctxIdx from 60 to 69
Initialisation ctxldx
variables 60 | 61 | 62 | 6 | 64 | 65 | 66 | 61 | 68 | 69
n 0 0 0 0 -9 4 0 -7 13 3
n 41 63 63 63 83 86 97 72 41 62
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Table 9-18 — Values of variables m and n for ctxIdx from 70 to 104

I and SI Value of cabac_init_idc Value of cabac_init_idc
i - I and SI - =
slices .
slices

ctxIdx 0 1 2 ctxIdx 0 1 2

70 0 11 0 45 13 15 7 34 88 -11 | 115 | -13 | 108 | -4 92 5 78

71 1 55 -4 78 7 51 -9 88 89 -12 | 63 -3 46 0 39 -6 55

72 0 69 | -3 96 2 80 | -20 | 127 90 ) 68 | -1 65 0 65 4 61

73 -17 | 127 | =27 | 126 | -39 | 127 | -36 | 127 91 -15 | 84 -1 57 | -15| 84 | -14 | 83

74 -13 1102 | -28 | 98 | -18 | 91 | -17 | 91 92 -13 1 104 | -9 93 | -35 | 127 | 3741 127

75 0 82 | 25| 101 | -17 | 96 | -14 | 95 93 -3 70 -3 74 | -2 73 -5 79

76 -7 74 | 23| 67 | -26 | 81 | -25 | 84 94 -8 93 -9 92 | -12[ 04 | -11 | 104

71 -21 | 107 | 28 | 82 | -35| 98 | -25 | 86 95 -10 | 90 -8 87 -9 91 | -11 | 91

78 27 1127 | <20 | 94 | 24 | 102 | -12 | &9 96 =30 | 127 | =23 [\267] -31 | 127 | -30 | 127

79 -31 | 127 | -16 | 83 | -23 | 97 | -17 | 91 97 -1 74 5 54 3 55 0 65

80 =24 | 127 | <22 | 110 | 27 | 119 | -31 | 127 98 -6 97 6 60 7 56 -2 79

81 181 95 | 21| 91 | 24| 99 | -14 | 76 99 - 91 6 59 7 55 0 72

82 -27 | 127 | -18 | 102 | -21 | 110 | -18 | 103 100 =20 | 127 | 6 69 8 61 -4 92

83 21 114 | -13 | 93 | -18 | 102 | -13 | 90 101 -4 56 -1 48 -3 53 -6 56

84 =30 | 127 | <29 | 127 | 36 | 127 | -37 | 127 102 -5 82 0 68 0 68 3 68

85 -17 | 123 | -7 92 0 80 11 80 103 -7 76 -4 69 -7 74 -8 71

86 12 ) 115 | -5 89 | -5 89 5 76 104 S22 | 125 | -8 88 | -9 88 | -13 | 98

87 -16 | 122 | -7 96 -1 94 2 84

174 © ISO/IEC 2004 — All rights reserved


https://iecnorm.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

Table 9-19 — Values of variables m and n for ctxIdx from 105 to 165

I and SI Value of cabac_init_idc Value of cabac_init_idc
i - I and SI - =
slices .
slices

ctxIdx 0 1 2 ctxIdx 0 1 2

105 -7 93 -2 8 | -13 | 103 | -4 | 86 136 -13 | 101 5 531 0 [ 58] -5 75

106 -11 | 87 -6 78 | -13 | 91 | -12 | 88 137 -13 | 91 22 |61 -1 |60 -8 80

107 -3 77 -1 75 -9 89 -5 | 82 138 -12 | 94 0 [56 ] -3 |61 |-21] 83

108 -5 71 -7 77 | -14 | 92 3072 139 -10 | 88 0 [ 56| -8 | 67 | -21\}|64

109 -4 63 2 54 -8 76 -4 | 67 140 -16 | 84 | -13 | 63 | -25 | 84~ 13 | [31

110 -4 68 5 50 | -12 | 87 -8 | 72 141 -10 | 86 -5 1 60 | -14) 4 | 25 | |64

111 -12 | 84 -3 68 | -23 | 110 | -16 | 89 142 -7 83 -1 62 (eS| 65 | 29 | |94

112 -7 62 1 50 | -24 | 105 | -9 | 69 143 -13 | 87 4 |87 5 521 9 75

113 -7 65 6 42 | -10 | 78 -1 |59 144 -19 | 94 -6y 69 | 2 57| 17 | |63

114 8 61 -4 81 | -20 | 112 | 5 66 145 1 70 4 [ 57] 0 |61 -8 74

115 5 56 1 63 | -17 | 99 4 |57 146 Q 72 14 139 -9 | 69| -5 35

116 -2 66 -4 70 | 78 | 127 | 4 | 71 147 5 74 4 |51 ]-11 70| -2 27

117 1 64 0 67 | -70 | 127 | -2 | 71 148 18 | 59 13 | 68| 18 | 55| 13 | |91

118 0 61 2 57 | -50 | 127 | 2 58 149 -8 | 102 | 3 64| 4 |71 3 65

119 -2 78 -2 76 | -46 | 127 | -1_ |94 150 -15 | 100 1 61 0 | 58] -7 69

120 1 50 11 35 -4 66 4 | 44 151 0 95 9 | 63 7 61 8 77

121 7 52 4 64 -5 78 -1 | 69 152 -4 75 7 50| 9 | 41| -10 | |66

122 10 | 35 1 61 -4 71 0 |62 153 2 72 16 | 39 | 18 | 25 3 62

123 0 44 11 35 -8 72 -7 151 154 -11 | 75 5 41 9 |32] 3 68

124 11 38 1841 )25 2 59 -4 | 47 155 -3 71 4 |52 5 43 | -20 | 81

125 1 45 12 | 24 -1 55 -6 | 42 156 15 | 46 11 148 | 9 | 47| O 30

126 0 46 13 29 -7 70 3141 157 -13 | 69 S5 160 0 | 44 1 7

127 5 44 13 36 -6 75 -6 | 53 158 0 62 -1 159 0 |51 -3 23

128 31 17 | -10 | 93 -8 89 8 76 159 0 65 0 [59] 2 |46 | -21] (74

129 1 51 -7 73 | 34 | 119 | 9 | 718 160 21 37 | 22 | 33| 19 | 38| 16 | |66

130 7 50 -2 73 -3 75 | -11 | 83 161 -15 | 72 5 44 | -4 | 66| -23 | 124

131 28 19 13 | 46 | 32 | 20 9 |52 162 9 57 14 | 43| 15 | 38| 17 | 37

132 16 | 33 9 49 | 30 | 22 0 | 67 163 16 | 54 -1 78 | 12 | 42| 44 | -18

133 14 | 62 -7 | 100 | 44 | 127 | -5 | 90 164 0 62 0 [ 60| 9 |34 | 50 | -34

134 -13 | 108 | 9 53 0 54 1 67 165 12 | 72 9 [ 69 ] 0 |89 | -22] 127

135 -15 | 100 | 2 53 -5 61 | -15 | 72
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Table 9-20 — Values of variables m and n for ctxIdx from 166 to 226

I and SI Value of cabac_init_idc Value of cabac_init_idc
i - - I and SI - =
slices slices
ctxIdx 0 1 2 ctxIdx 0 1 2
m n m | n m n m n m n m n m n m n

166 24| 0 11 | 28 4 45 | 4 | 39 197 26 | -17 | 28 3 36 | -28 | 28 -3

167 151 9 2 |40 10 | 28 | O | 42 198 30 | -25 | 28 4 38 | -28 | 24 10

168 8 | 25 3 (44| 10 | 31 7 | 34 199 28 | -20 | 32 0 38 | 27 | 27 0

169 13 18] 0 |49 33 | -11 | 11| 29 200 33123 |34 -1 34 | -18 | 34 | -14

170 151 9 0 |46 | 52 | 43 | 8 | 31 201 37 | -27 | 30 6 35 | -16 | 52 | -44

171 1319 ] 2 | 44| 18 15 6 | 37 202 33| -23 | 30 6 34 | -14 | 39)] =24

172 10 | 37 | 2 | 51| 28 0 7| 42 203 40 | -28 | 32 9 32 -8 19 17

173 12| 18 | 0 | 47| 35 | 22| 3 | 40 204 38| -17 | 31 | 19 | 37 6 31 25

174 6 [ 29| 4 |39 38 [-25] 8 | 33 205 33| -11 | 26 | 27 |, 35 0 36 | 29

175 20 | 33 | 2 | 62| 34 0 13| 43 206 40 | -15 | 26 | 30\'\"30 10 | 24 | 33

176 1530 | 6 |46 | 39 | -18 | 13| 36 207 41 | -6 | 374720 | 28 18 | 34 15

177 4 | 45 | 0 [ 54| 32 |-12| 4 | 47 208 38 1 28 | 34 | 26 | 25 30 | 20

178 1 58 | 3 | 54102 |-94 | 3 | 55 209 414 V7 | 17| 70 | 29 | 41 22 | 73

179 0| 62 | 2 |58 0 0 2 | S8 210 30| -6 1 67 0 75 | 20 | 34

180 7 | 61 4 | 63| 56 | -15| 6 | 60 211 27| 3 5 59 2 72 19 | 31

181 12 | 38 | 6 | 51| 33 -4 8 | 44 212 26 | 22 | 9 67 8 77 | 27 | 44

1 82 11 | 45 6 |57 29 10 | 11+ (44 213 37 | -16 | 16 | 30 14 | 35 19 16

183 1539 | 7 | 53| 37 5|4 42 214 35| 4 | 18| 32 18 | 31 15 36

1 84 11| 42 | 6 | 52| 51 | =29~ 7 | 48 215 38| -8 | 18 | 35 17 | 35 15 36

185 13 44 | 6 | 55| 39 -9 4 | 56 216 38 -3 [22] 29 | 21 30 | 21 28

186 16 | 45 | 11 | 45\\52 | -34 | 4 | 52 217 37| 3 24 | 31 17 | 45 | 25 21

187 12 | 41 | 4|36 | 69 | -58 | 13| 37 218 38| 5 23 | 38 | 20 | 42 | 30 | 20

188 10 | 495488 | 53| 67 | -63 | 9 | 49 219 42| 0 18 | 43 18 | 45 31 12

189 30() 34 | -1 | 82 | 44 5119 58 220 351 16 | 20 | 41 27 | 26 | 27 16

190 18| 42| 7 | 55| 32 7 10 | 48 221 39122 | 11| 63 16 | 54 | 24 | 42

191 10 | 55 | -3 | 78 | 55 [ -29 | 12 | 45 222 14 [ 48 | 9 59 7 66 0 93

192 17 | 51 | 15| 46 | 32 1 0 | 69 223 27 37 | 9 64 16 | 56 14 | 56

193 17 | 46 | 22 | 31 0 0 |20 33 224 21 | 60 | -1 | 94 11 73 15 57

194 0| 8 | -1 |84 | 27 | 36 8 | 63 225 12 | 68 | -2 | &9 10 | 67 | 26 | 38

195 26 | -19 | 25| 7 33 | 25 | 35 | -18 226 2197 -9 | 108 | -10 | 116 | -24 | 127

196 22 | -17 | 30| -7 | 34 | -30 | 33 | -25
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Table 9-21 — Values of variables m and n for ctxIdx from 227 to 275
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I and SI Value of cabac_init_idc Value of cabac_init_idc
slices — ! :l?iSSI ——
ctxldx 1 2 ctxIdx 1 2
m | n m n m n m n m n m | n m | n m n

227 3171 -6 76 | -23 | 112 | 24 | 115 252 -12| 73 -6 [ 55| -16 | 72| -14 | 75
228 6 | 42| 2 44 | -15 | 71 | 22 | 82 253 -8 76 0 | 58] -7 [69]-10]| 79
229 S 1501 0 45 -7 61 -9 62 254 -7 80 0 | 641 -4 69| -9 83
230 31540 52 0 53 0 53 255 -9 88 S 74 -5 74| A2 192
231 2 162 -3 64 | -5 66 0 59 256 -17 | 110 | -10 [ 90 | -9 |86 [7~18 08
232 0 | 58| -2 59 | -11 | 77 | -14 | 85 257 -11 | 97 0 | 70 | 27| 66 | -4 79
233 1 63 | 4 70 | -9 80 | -13 | 89 258 -20 | 84 4 [ R9F -9 | 34| 22 | |69
234 2172 | -4 75 -9 84 | -13 | 94 259 -11 ] 79 5. 31 1 32 | -16 | |75
235 -1 74| -8 82 | -10 | 87 | -11 | 92 260 -6 73 7 |42 11 | 31| -2 58
236 9 [ 91| -17 | 102 | -34 | 127 | -29 | 127 261 -4 74 1 591 5 52 1 58
237 S 167 -9 77 | -21 | 101 | -21 | 100 262 13 | 86 2 [ 58 -2 |55 -13 (78
238 S 12703 24 | 3 39 | -14 | 57 263 -13 | 96 3072 -2 167 -9 83
239 3 139] 0 42 -5 53 | -12 |, 6% 264 -11 | 97 381 0 |73 4 81
240 2 144 | 0 48 -7 61 | A4 71 265 19| 117 | -11 [ 97 | -8 | 89 | -13 | [99
241 0 |46 ] 0 55 | -11 | 758p-10 | 77 266 -8 78 0 | 58] 3 52 | -13 | 81
242 -16 | 64 | -6 59 | -15 177 | 21 | 85 267 -5 33 8 5 7 4 -6 38
243 -8 [ 68| -7 TIN=17 | 91 | -16 | 88 268 -4 | 48 10 | 14| 10 | 8 | -13 | |62
244 -10 | 78 | -12(] 83 | -25 | 107 | -23 | 104 269 -2 53 14 [ 18] 17 | 8 -6 58
245 -6 | 774 5N | 87 | <25 | 111 | -15 | 98 270 -3 62 13 (2716 | 19| -2 59
246 -10( 8 | -30 | 119 | -28 | 122 | -37 | 127 271 131 71 2 |40 3 37 | -16 | |73
247 12 1 92 1 58 | -11 | 76 | -10 | 82 272 -10 | 79 0 | 58] -1 [ 61]-10] 76
248 15155 -3 29 | -10 | 44 -8 48 273 -12 | 86 3170 -5 | 73] -13 | |86
249 -10 | 60 | -1 36 | -10 | 52 -8 61 274 -13 |1 90 6 [ 79 -1 | 70 | -9 83
250 -6 | 62 1 38 | -10 | 57 -8 66 275 -14 | 97 8 [ 8 | 4 |78 -10 | &7
251 4 165 2 43 -9 58 -7 70
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Table 9-22 — Values of variables m and n for ctxIdx from 277 to 337

I and SI Value of cabac_init_idc Value of cabac_init_idc
i - - I and SI - =
slices slices
ctxIdx 0 1 2 ctxIdx 0 1 2
m n m n m n m n m n | m|n m n m n

277 -6 93 | -13 | 106 | -21 | 126 | -22 | 127 308 -16 [ 96 | -1 | 51 | -16 | 77 | -10 | 67

278 -6 84 | -16 | 106 | -23 | 124 | -25 | 127 309 -7 188 | 7 |49 -2 | 64 1 68

279 -8 79 | -10 | 87 | -20 | 110 | -25 | 120 310 8 [ 8| 8 |52 2 |6l 0 |77

80 0 66 | -21 | 114 | -26 | 126 | -27 | 127 311 7189 |41 -6 | 67| 2 | 64

81 -1 71 | -18 | 110 | -25 | 124 | -19 | 114 312 9 [8 | 6 | 47| -3 |64 0 |68

82 0 62 | -14 | 98 | -17 | 105 | -23 | 117 313 -13 [ 88 | 2 | 55| 2 57 | -5N\[78

83 -2 60 | -22 | 110 | -27 | 121 | -25 | 118 314 4 | 66| 13|41 | -3 [65) 7 |55

84 -2 59 | -21 | 106 | -27 | 117 | -26 | 117 315 30| 7710 | 44 | 3N[ 66| 5 59

85 -5 75 | -18 | 103 | -17 | 102 | -24 | 113 316 3176 6 | 500 | 62 2 | 65

86 -3 62 | -21 | 107 | -26 | 117 | -28 | 118 317 6 [ 76 | 5. [)S3| 9 |51 | 14 | 54

87 -4 58 | -23 | 108 | -27 | 116 | -31 | 120 318 10 | 58 |M3 | 49| -1 | 66 | 15 | 44

88 -9 66 | -26 | 112 | -33 | 122 | -37 | 124 319 N76 04 |63 2 |71 5 60

89 -1 79 | -10 | 96 | -10 | 95 | -10 | 94 320 -1 |86 (64| -2 |75 2 |70

90 0 71 | -12 | 95 | -14 | 100 | -15 | 102 321 7199 2169 -1 |70 -2 |76

91 3 68 | -5 91 8 | 95 | -10 | 99 322 14195 -2 |59 -9 [ 72]-18] 86

92 10 | 44 | -9 93 | -17 | 111 | 1353106 323 2 |95 6 |70 14 | 60| 12 | 70

93 -7 62 | 22| 94 | -28 | 1144 -50 | 127 324 0 |76 |10 | 44| 16 [ 37| 5 | 64

94 15 36 -5 86 -6 89 -5 92 325 S5 1749 |31 0 |47 |-12]70

95 14 | 40 9 67 -2 80 17 57 326 0 [ 70 | 12| 43| 18 [ 35| 11 | 55

96 16 | 27 -4 80 -4 82 -5 86 327 1175 3 |53 11 [ 37| 5 56

97 12 | 29 | £10y7 85 -9 8 | -13 | 94 328 1 68 | 14 | 34 | 12 | 41 0 | 69

98 1 AP -1 70 | -8 81 | -12 | 91 329 0O | 65]10 | 38| 10 [ 41| 2 | 65

99 20.N./36 7 60 | -1 72 | -2 77 330 14173 352 2 [ 48] -6 |74

300 18 | 32 9 58 5 64 0 71 331 3 62 | 13140 | 12 | 41 5 54

U1 B a4z J 0l 1 o/ -1 3 332 4 02 17 32 13 41 7 4

302 1 48 12 | 50 9 56 4 64 333 -1 |68 | 7 (44| 0 59| -6 |76

303 10 | 62 15 | 50 0 69 | -7 81 334 131750 7 |38 3 50 | -11 | 82

304 17 | 46 18 | 49 1 69 5 64 335 11 [ 55| 13|50 19 |40 | -2 |77

305 9 64 17 | 54 7 69 15 | 57 336 5 |64 |10] 57| 3 66 | -2 | 77

306 -12 1 104 | 10 | 41 -7 69 1 67 337 12 | 70 | 26 | 43 | 18 | 50 | 25 | 42

307 -11 | 97 7 46 -6 67 0 68
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Table 9-23 — Values of variables m and n for ctxIdx from 338 to 398

I and SI Value of cabac_init_idc Value of cabac_init_idc
slices S ! :ll;isSI N
ctxldx 0 1 2 ctxIdx 1 2

m n m n m | n m | n m n m|n | m)| n m n
338 15 6 14 11 {19] -6 | 17 | -13 369 32| -26 | 31 | -4 |40 | -37 | 37 | -17
339 6 19 11 14 [ 18 -6 | 16 | -9 370 37 1 -30 | 27| 6 | 38| -30 | 32 1
340 7 16 9 11 | 14| 0 17 | -12 371 44 | 32 | 34| 8 | 46 | -33 | 34 15
341 12 14 18 11 | 26| -12 | 27 | -21 372 34 | -18 [ 30 | 10 | 42 | -30 | 29 1p
342 18 13 | 21 9 31| -16 | 37 | -30 373 34 | <15 |24 | 22|40 | 24 { 24| 2p
343 13 11 23 -2 [ 33| 25| 41 | -40 374 40 | -15 | 33 | 19| 49 |-297| 34 | 2p
344 13 15 | 32 | -15 | 33 | 22 | 42 | 41 375 33 | -7 [ 223288 -12 | 31 1p
345 15 16 | 32 | -15 | 37 | -28 | 48 | 47 376 35| -5 | 26 |"8I'| 40 | -10 | 35 1B
346 12 | 23 | 34 | -21 | 39| -30 | 39| -32 377 33| 0 421" 41 | 38| -3 | 31 2B
347 13 | 23 | 39 | -23 | 42| -30 | 46 | -40 378 38 [02)'1 26|44 46| -5 | 33 | 4f
348 15 | 20 | 42 | -33 | 47 | 42| 52 | -51 379 33Y 13 [ 23|47 | 31| 20 | 36 | 2B
349 14 | 26 | 41 | -31 | 45 | -36 | 46 | 41 380 23 | 35 [ 16 | 65 | 29 | 30 | 27 | 4f
350 14 | 44 | 46 | 28 | 49| -34 | 52 | -39 381 13| 58 | 14 | 71 | 25| 44 | 21 6p
351 17 | 40 | 38 | -12 | 41 | -17 | 43 %19 382 29 | -3 8 |60 | 12| 48 | 18 | 3
352 17 | 47 | 21 29 |32 9 82| 11 383 26| 0 6 |63 |11 | 49 | 19 | 2p
353 24 17 | 45 | 24 | 69 |~Th | 61 | -55 384 221 30 | 17 | 65| 26 | 45 | 36 | 24
354 21 21 53 | 45 |63 | -63 | 56 | -46 385 31| -7 |21 | 24|22 22|24 | 2B
355 25 | 22 | 48 | 226~| 66 | -64 | 62 | -50 386 35| -15 (23|20 |23]| 22 | 27 1p
356 31 27 | 65 ) 43 | 77| -74 | 81 | -67 387 341 -3 [ 262312721 |24 3
357 22 | 20\M43 | -19 | 54| -39 | 45 | 20 388 341 3 |27 |32(33] 20 | 31 2p
358 190 (y35 | 39 | -10 | 52 | -35 | 35| -2 389 36 | -1 | 28| 23|26 28 | 22 | 4f
359 4 | 50 | 30 9 41 | -10 | 28 | 15 390 34| 5 | 2824|3024 | 22| 4
360 10 | 57 18 | 26 |36 | 0 [34] 1 391 32| 11 [ 23|40 |27 | 34 | 16 | 6p
361 7 63 | 20 | 27 [ 40| -1 | 39| 1 392 350 5 [ 24|32 18| 42 | 15 | 5p
362 =2 77 1y ST [ 30 [ & [ 30 17 393 AT 12 [ 28 29 [ 25| 39 | 14 ] 0
363 -4 82 | -14 | 82 |28 | 26 | 20 | 38 394 39 | 11 [ 23|42 | 18| 50 3 78
364 -3 94 -5 75 | 23| 37 | 18 | 45 395 301 29 [ 19| 57 | 12| 70 | -16 | 123
365 9 69 | -19 | 97 | 12| 55 | 15| 54 396 34| 26 | 22|53 |21 54| 21 53
366 121109 | =35 [ 125 | 11 [ 65 | 0 | 79 397 291 39 |22 (61| 14| 71 | 22 | 56
367 36 | -35 | 27 0 37 | 33 | 36 | -16 398 19 66 | 11 | 86 | 11 | 83 | 25 | 61
368 36 | -34 | 28 0 39 | -36 | 37 | -14
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9.3.1.2 Initialisation process for the arithmetic decoding engine

This process is invoked before decoding the first macroblock of a slice or after the decoding of the
pcm_alignment zero bit and all pcm_byte data for a macroblock of type I PCM.

Outputs of this process are the initialised decoding engine registers codIRange and codIOffset both in 16 bit register
precision.

The status of the arithmetic decoding engine is represented by the variables codlRange and codIOffset. In the
initialisation procedure of the arithmetic decoding process, codIRange is set equal to 0x01FE and codIOffset is set equal
to the value returned from read bits( 9 ) interpreted as a 9 bit binary representation of an unsigned integer with most

significant bit

NOTE - T
precision. H

written first.

lowever, the minimum register precision for the variables codIRange and codIOffset is 9 bits.

pgister

9.3.2  Bindrization process

Input to this process is a request for a syntax element.

Output of this|process is the binarization of the syntax element, maxBinldxCtx, ctxIdxOffset, and bypassFlag.

Table 9-24 specifies the type of binarization process, maxBinldxCtx, and ctxIdxOffset assoCiated with each syntax
element.

The specifica
unary / k-th o
subclauses 9.]

Except for 1
strings given
used for the b
the coded bld
the prefix and

ion of the unary (U) binarization process, the truncated unary (TU) binarization process, the concatd
rder Exp-Golomb (UEGKk) binarization process, and the fixed-length (FL) binarization process are giy
2.1 t0 9.3.2.4, respectively. Other binarizations are specified in subclduses 9.3.2.5 to0 9.3.2.7.

slices, the binarizations for the syntax element mb_type as,spe¢ified in subclause 9.3.2.5 consist

by a concatenation of prefix and suffix bit strings. The UEGK binarization as specified in 9.3.2.3, wh
inarization of the syntax elements mvd 1X (X =0, 1) aud coeff abs level minusl, and the binarizat
ck pattern also consist of a concatenation of prefix and suffix bit strings. For these binarization proc
the suffix bit string are separately indexed using the binldx variable as specified further in subclause

nated
en in

f bin
ich is
on of
esses,
0.3.3.

The two sets ration

suffix part, re

bf prefix bit strings and suffix bit strings are referbed to as the binarization prefix part and the binarij
pectively.

bffset
bs for
o the
lyntax

Associated w
(ctxIdxOffset
each of these
prefix part wl
element.

th each binarization or binarization part 6fja syntax element is a specific value of the context index
variable and a specific value of the maxBinldxCtx variable as given in Table 9-24. When two valu
variables are specified for one syntax element in Table 9-24, the value in the upper row is related
lile the value in the lower row isirelated to the suffix part of the binarization of the corresponding §

The use of thg DecodeBypass process.and the variable bypassFlag is derived as follows.

belled

If no valye is assigned to ctxIdxOffset for the corresponding binarization or binarization part in Table 9-24 lal
as “na”, 3ll bins of the bit {strings of the corresponding binarization or of the binarization prefix/suffix part shpll be
decoded by invoking the DécodeBypass process as specified in subclause 9.3.3.2.3. In such a case, bypassFlag|is set
equal to [, where bypassFlag is used to indicate that for parsing the value of the bin from the bitstream the
DecodeBjypass process shall be applied.

Otherwisp, for each possible value of binldx up to the specified value of MaxBinldxCtx given in Table 9424, a

specific value/of the variable ctxIdx is further specified in subclause 9.3.3. bypassFlag is set equal to 0.

The possible values of the context index ctxIdx are in the range of 0 to 398, inclusive. The value assigned to ctxIdxOffset
specifies the lower value of the range of ctxIdx assigned to the corresponding binarization or binarization part of a syntax
element.

ctxIdx = ctxIdxOffset = 276 is assigned to the syntax element end of slice flag and the bin of mb_type, which specifies
the I PCM macroblock type as further specified in subclause 9.3.3.1. For parsing the value of the corresponding bin from
the bitstream, the arithmetic decoding process for decisions before termination (DecodeTerminate) as specified in
subclause 9.3.3.2.4 shall be applied.

NOTE — The bins of mb_type in I slices and the bins of the suffix for mb_type in SI slices that correspond to the same value of

binldx share the same ctxldx. The last bin of the prefix of mb_type and the first bin of the suffix of mb_type in P, SP, and B slices
may share the same ctxIdx.
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Syntax element Type of binarization maxBinldxCtx ctxIdxOffset
mb_type prefix and suffix prefix: 0 prefix: 0
(SIslices only) as specified in subclause 9.3.2.5 suffix: 6 suffix: 3
mb_type (I slices only) as specified in subclause 9.3.2.5 6 3
mb_skip flag _
(P, SP slices only) FL, cMax=1 0 1
mb tvpe (P. SP slices only) .preﬁg and suffix prefix: 2 prefix: 14
TS Speciied i subctause 9737275 SUffixS Suffix—17
sub_mb_type . .
(P, SP slices only) as specified in subclause 9.3.2.5 2 21
mb_skip flag _
(B slices only) FL, cMax=1 0 24
. prefix and suffix prefix: 3 prefix: 27
mb_type (B slices only) as specified in subclause 9.3.2.5 suffix: 5 suffix: 32
sub_mb_type (B slices only) as specified in subclause 9.3.2.5 3 36
prefix: 4 prefix: 40
mvd_I0[J[]L0 ], mvd HLICIC0] suffix: na suffix: na (uses DecodeBypass)

prefix and suffix as given by UEG3
with signedValFlag=1, uCoft=9

prefix: 4 prefix: 47
mvd_100JEI0T ], mvd HECIET] suffix: na suffix: na (uses DecodeBypass)
ref idx_10, ref idx 11 U 2 54
mb_qp_delta as specified in subclause 9.3.2.7 2 60
intra_chroma pred_mode TUyoMax=3 1 64
prev_intra4x4 pred mode flag FL, cMax=1 0 68
rem_intra4x4 pred_mode FL, cMax=7 0 69
mb_field decoding flag FL, cMax=1 0 70
prefix and suffix prefix: 3 prefix: 73
coded_block_pglits as specified in subclause 9.3.2.6 suffix: 1 suffix: 77
coded\block flag FL, cMax=1 0 85
gignificant_coeff flag _
(frame coded blocks only) FL, cMax=1 0 103
last_significant coeff flag _
(frame coded blocks only) FL, cMax=1 0 166
. prefix and suffix as given by UEGO prefix: 1 prefix: 227
coeff_abs_level minusl with signedValFlag=0, uCoff=14 suffix: na suffix: na, (uses DecodeBypass)
coeff sign flag FL, cMax=1 0 na, (uses DecodeBypass)
end_of slice flag FL, cMax=1 0 276
significant_coeff flag _
(field coded blocks only) FL, cMax=1 0 277
last_significant coeff flag FL. cMax=1 0 338

(field coded blocks only)
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9.3.2.1 Unary (U) binarization process

Input to this process is a request for a U binarization for a syntax element.

Output of this process is the U binarization of the syntax element.

The bin string of a syntax element having (unsigned integer) value synElVal is a bit string of length synElVal + 1
indexed by Binldx. The bins for binldx less than synElVal are equal to 1. The bin with binldx equal to synElVal is equal

to 0.

Table 9-25 illustrates the bin strings of the unary binarization for a syntax element.

Table 9-25 — Bin string of the unary binarization (informative)

Value of syntax element Bin string
0 0
1 110
2 1]11]0
3 1]1(1]0
4 1|j1r|j1r|1rj]o
5 1|1 |{1]1]1]0
binldx 01| 29N |45

9.3.2.2 Truncated unary (TU) binarization process

Input to this p
Output of this

For syntax elg
is invoked. F
equal to 1.

NOTE - T
decoded.

rocess is a request for a TU binarization fora‘syntax element and cMax.
process is the TU binarization of the syntax element.
ment (unsigned integer) values less than cMax, the U binarization process as specified in subclause 9

r the syntax element value equal to cMax the bin string is a bit string of length cMax with all bins

[ binarization is always invoked with a cMax value equal to the largest possible value of the syntax element

9.3.2.3 Concatenated unary/-k-th order Exp-Golomb (UEGK) binarization process

Input to this p
Output of this
A UEGKk bin

rocess is a request for a UEGk binarization for a syntax element, signedValFlag and uCoff.
process-is the UEGk binarization of the syntax element.

stfing”1s a concatenation of a prefix bit string and a suffix bit string. The prefix of the binarizat

specified by i

3.2.1
being

being

on is

Vn](ing the T1I hinarization process for the prPﬁY part Min(uCoff Abs( synEIVal)) of a syntax el

tment

value synElVal as specified in subclause 9.3.2.2 with cMax = uCoff, where uCoff > 0.
The UEGK bin string is derived as follows.

- If one of the following is true, the bin string of a syntax element having value synEIVal consists only of a prefix bit

string,

- signedValFlag is equal to 0 and the prefix bit string is not equal to the bit string of length uCoff with all bits
equal to 1.

- signedValFlag is equal to 1 and the prefix bit string is equal to the bit string that consists of a single bit with
value equal to 0.

- Otherwise, the bin string of the UEGk suffix part of a syntax element value synElVal is specified by a process
equivalent to the following pseudo-code:
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if( Abs( synElVal ) >= uCoff) {
sufS = Abs( synElVal ) — uCoff

N
E

9.3.2
Inputj
Outp

FL binarization is constructed by using an fixedLength-bit unsigned integer bin string of the syntax elemen|

fixed
the le

9.3.2
Input]
Outp
The t

For n
suffiy

The
elem
for w

stopLoop =0
do {
if( sufS >= (1<<k)) {
put( 1)
sufS = sufS — ( 1<<k)
k++
1 else {
put(0)
while( k——)
puttCsutS ==k & Ox61
stopLoop =1
}

}+ while( !stopLoop )

}
if( signedValFlag && synElVal ! = 0)
if( synElVal > 0)

put(0)
else

put( 1)

DTE — The specification for the k-th order Exp-Golomb (EGk) code uses \5.and 0’s in reverse meaning for the y
kp-Golomb code of 0-th order as specified in subclause 9.1.

4 Fixed-length (FL) binarization process
to this process is a request for a FL binarization for a syntax element and cMax.

it of this process is the FL binarization of the syntax\¢lement.

[ ength = Ceil( Log2( cMax + 1) ). The indexing of bins for the FL binarization is such that the binld
ast significant bit with increasing values.ofbinldx towards the most significant bit.

5 Binarization process for macroblock type and sub-macroblock type

to this process is a request for dbinarization for syntax elements mb_type or sub_mb_type.
it of this process is the binarization of the syntax element.

inarization scheme for'decoding of macroblock type in I slices is specified in Table 9-26.

hacroblock types in/SI slices, the binarization consists of bin strings specified as a concatenation of
bit string as.follows.

prefix bitl string consists of a single bit, which is specified by by = ((mb_type == SI)? 0:1). H
nt valaefor which by is equal to 0, the bin string only consists of the prefix bit string. For the syntax
hich by is equal to 1, the binarization is given by concatenating the prefix by and the suffix bit string

nary part of the

t value, where
=0 relates to

h prefix and a

or the syntax
element value
hs specified in

Tablg

9:26 for macroblock type in I slices indexed by subtracting 1 from the value of mb type in SI slices.
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Table 9-26 — Binarization for macroblock types in I slices

Value (name) of mb_type | Bin string

0 (I_4x4) 0

1 (I 16x16_0 0 0) 1 0 0 0 0 0

2 (I 16x16_1 0_0) 1 0 0 0 0 1

3 (I 16x16_2 0 0) 1 0 0 0 1 0

4 (1 16x16_3 0_0) 1 0 0 0 1 1
5(I_16x16_0_1 0) 1 0 0 1 0 0 0
6 (1 16x16_1 1 0) 1 0 0 1 0 0 1
7 (1 16x16_2 1 0) 1 0 0 1 0 1 0
8 (I_16x16_3_1_0) 1 0 0 1 0 1 1
9 (I 16x16 0 2 0) 1 0 0 1 1 0 0
10 (I_16x16_1 2 0) 1 0 0 1 1 0 1
11 (1 16x16 2 2 0) 1 0 0 1 1 1 0
12 (1 16x16 3 2 0) 1 0 0 1 1 1 1
13 (1 16x16 0 0_1) 1 0 1 0 0, 0

14 (1 16x16_1 0 1) 1 0 1 0, 0 1

151 16x16 2 0 1) 1 0 1 0 1 0

16 (1_16x16 3 0_1) 1 0 1 0 1 1

17 (1 16x16 0 1 1) 1 0 1 1 0 0 0
18 (I 16x16 1 1 1) 1 0 1 1 0 0 1
191 16x16 2 1 1) 1 0 1 1 0 1 0
20 (L 16x16 3 1 19 1 0 1 1 0 1 1
21 (L 16x16_0"2\1) 1 0 1 1 1 0 0
22 (L 16%16 1 2 1) 1 0 1 1 1 0 1
23.(1 Lex16 2 2 1) 1 0 1 1 1 1 0
24 (1 16x16 3 2 1) 1 0 1 1 1 1 1
25 (I PCM) 1 1

binldx 0 1 2 3 4 5 6

The binarization schemes for P macroblock types in P and SP slices and for B macroblocks in B slices are specified in
Table 9-27.

The bin string for I macroblock types in P and SP slices corresponding to mb_type values 5 to 30 consists of a
concatenation of a prefix, which consists of a single bit with value equal to 1 as specified in Table 9-27 and a suffix as
specified in Table 9-26, indexed by subtracting 5 from the value of mb_type.

mb_type equal to 4 (P_8x8ref0) is not allowed..

For I macroblock types in B slices (mb_type values 23 to 48) the binarization consists of bin strings specified as a
concatenation of a prefix bit string as specified in Table 9-27 and suffix bit strings as specified in Table 9-26, indexed by
subtracting 23 from the value of mb_type.
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Table 9-27 — Binarization for macroblock types in P, SP, and B slices

Slice type | Value (name) of mb_type | Bin string
0 (P_LO _16x16) 0 0
1(P_LO_LO_16x8) 0 1
2 (P_LO_LO_8x16) 0 1

P, SP slice
3 (P_8x8) 0 0
4 (P_8x8ref0) na
5 to 30 (Intra, prefix only) 1
0 (B_Direct_16x16) 0
1 (B_LO_16x16) 1 0
2 (B_L1_16x16) 1 0
3 (B_Bi_16x16) 1 1 0
4(B_LO_LO_16x8) 1 1 1
5(B_LO_LO 8x16) 1 1 0
6(B_L1 L1 _16x8) 1 1 1
7(B_L1 L1 _8x16) 1 ! 0
8 (B_LO_L1_16x8) 1 1 1
9(B_LO L1 _8x16) 1 1 0
10(B_L1_LO_16%8) 1 1 1
11 (B_L1_L0%8x16) 1 1 0

B slice
12 (BLLO Bi_16x8) 1 1 0 0
13 (B_LO_Bi_8x16) 1 1 0 1
14 (B_L1_Bi_16x8) 1 1 1 0
15(B_L1_Bi 8x16) 1 1 1 1
16 (B_Bi_LO_16x8) 1 1 0 0
17 (B_Bi_L0_8x16) 1 1 0 1
18 (B_Bi_L1_16x8) 1 1 1 0
19(B_Bi_ L1 8x16) 1 1 1 1
20 (B_Bi_Bi_16x8) 1 1 0 0
21 (B_Bi_Bi_8x16) 1 1 0 1
22 (B_8x8) 1 1 1
23 to 48 (Intra, prefix only) | 1 1 1

binldx 0 1 5 6
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For P, SP, and B slices the specification of the binarization for sub_mb_type is given in Table 9-28.

Table 9-28 — Binarization for sub-macroblock types in P, SP, and B slices

Slice type | Value (name) of sub_mb_type | Bin string
0 (P_LO_8x8) 1
1 (P_LO_8x4) 0 0
P, SP slice
2 (P_LO_4x8) 0 1 1
P04t © t ©
0 (B_Direct 8x8) 0
1 (B_LO_8x8) 1 0 0
2 (B_L1 8x8) 1 0 1
3 (B_Bi_8x8) 1 1 0 0 0
4 (B_LO_8x4) 1 1 0 0 1
5 (B_LO_4x8) 1 1 0 1 0
B slice 6 (B_L1_8x4) 1 1 0 1 1
7 (B_L1_4x8) 1 1 1 0 0 0
8 (B_Bi_8x4) 1 1 1 0 0 1
9 (B_Bi_4x8) 1 1 1 0 1 0
10 (B_LO_4x4) 1 1 1 0 1 1
11 (B_L1 4x4) 1 1 1 1 0
12 (B_Bi_4x4) 1 1 1 1 1
binldx 0 1 2 3 4 5

9.3.2.6 Binprization process for-coded block pattern

Input to this p
Output of this

The binarizat
the binarizati

rocess is a requestfor a binarization for the syntax element coded block pattern.
process is the-binarization of the syntax element.

on of eedéd block pattern consists of a concatenation of a prefix part and a suffix part. The prefix p
n is'given by the FL binarization of CodedBlockPatternL.uma with cMax = 15. The suffix part consi

the TU binar]

art of
sts of

zatioh of CodedBlockPatternChroma with cMax = 2. The relationship between the value of the s

lyntax

element coded block patiern and the values of CodedBlockPatternLuma and CodedBlockPatiernChroma 1S given as
specified in subclause 7.4.5.

9.3.2.7 Binarization process for mb_qp_delta

Input to this process is a request for a binarization for the syntax element mb_qp_delta.

Output of this

process is the binarization of the syntax element.

The bin string of mb_qp_delta is derived by the U binarization of the mapped value of the syntax element mb_qp_delta,
where the assignment rule between the signed value of mb_qp_delta and its mapped value is given as specified in

Table 9-3.
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Decoding process flow

Input to this process is a binarization of the requested syntax element, maxBinldxCtx, bypassFlag and ctxIdxOffset as
specified in subclause 9.3.2.

Output of this process is the value of the syntax element.

This process specifies how each bit of a bit string is parsed for each syntax element.

After parsing each bit, the resulting bit string is compared to all bin strings of the binarization of the syntax element and
the following applies.

Whilg parsing each bin, the variable binldx is incremented by 1 starting with binldx being set equalto.0 for

Whetp the binarization of the corresponding syntax element consists of a prefix and a suffix)binariza
variable binldx is set equal to 0 for the first bin of each part of the bin string (prefix part or suffix part). In

parsifg the prefix bit string, the parsing process of the suffix bit string related to the binarizations specified
932
Note
prefix bit string of length 4 as specified in subclause 9.3.2.6.

Depending on the variable bypassFlag, the following applies.

9.3.3{1
Inputp to this process are binldx, maxBinldxCt£and ctxIdxOffset.
Outpfit of this process is ctxIdx.

Tablg
relatdd
coeff] abs level minusl.

The ¢txIdx to be used with.a specific binldx is specified by first determining the ctxIdxOffset associated
bin sfring or part thereof. Fhe ctxldx is determined as follows.

If the bit string is equal to one of the bin strings, the corresponding value of the syntax element is the output.

therwise (the bit string is not equal to one of the bin strings), the next bit is parsed.

3 and 9.3.2.5 is invoked depending on the resulting prefix bit string as specifiedyin’subclauses 9.3.2
that for the binarization of the syntax element coded block pattern, the suffix bit string is present reg

Iff bypassFlag is equal to 1, the bypass decoding process as specified in subclause 9.3.3.2.3 shall 1
parsing the value of the bins from the bitstream.

therwise (bypassFlag is equal to 0), the parsing of each bim-iS.specified by the following two ordered
1. Given binldx, maxBinldxCtx and ctxIdxOffset, ctxIdx is derived as specified in subclause 9.3.3.1

A

4. Given ctxldx, the value of the bin from the bitstream as specified in subclause 9.3.3.2 is decoded.

Derivation process for ctxIdx

9-29 shows the assignment of-ctxIdx increments (ctxIdxInc) to binldx for all ctxIdxOffset valueq
to the syntax eclements coded block flag, significant coeff flag, last significant cog

Iffthe ctxIdxOffset is listed in Table 9-29, the ctxIdx for a binldx is the sum of ctxIdxOffset and ctxId
fqund in Table9-29. When more than one value is listed in Table 9-29 for a binldx, the assignme
ctixIdxInc forthat binldx is further specified in the subclauses given in parenthesis of the corresponding

the first bin.

ion part,, the
his case, after
in subclauses
3 and 9.3.2.5.
rardless of the

e applied for

Bteps:

except those
ff flag, and

vith the given

kInc, which is
ht process for
table entry.

herwise (ctxIdxOffset is not listed in Table 9-29), the ctxldx is specified to be the sum of the folJlowing terms:
ctixIdxOffset and ctxIdxBlockCatOffset(ctxBlockCat) as specified in Table 9-30 and ctxIdxInc(ctxBlockCat).

Subclause 9.3.3.1.3 specifies which ctxBlockCat is used. Subclause 9.3.3.1.1.9 specifies the assignment of

ctxIdxInc(ctxBlockCat) for coded block flag, and subclause 9.3.3.1.3 specifies the as

signment of

ctxIdxInc(ctxBlockCat) for significant_coeff flag, last significant coeff flag, and coeff abs level minusl.

All bins with binldx greater than maxBinldxCtx are parsed using ctxIdx assigned to maxBinldxCtx.

All entries in Table 9-29 labelled with “na” correspond to values of binldx that do not occur for the corresponding
ctxIdxOffset.

ctxIldx =276 is assigned to the binldx of mb type indicating the I PCM mode. For parsing the value of the
corresponding bins from the bitstream, the arithmetic decoding process for decisions before termination as specified in
subclause 9.3.3.2.4 shall be applied.
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Table 9-29 — Assignment of ctxIdxInc to binldx for all ctxIdxOffset values except those related to the syntax
elements coded_block flag, significant_coeff flag, last_significant_coeff flag, and coeff_abs level minusl

binldx
ctxIdxOffset 0 1 ) 3 4 5 >=6
0 0,1,2 na na na na na n
(subclause 9.3.3.1.1.3) a
0,1,2 _ 5,6 6,7
3 (subclause 9.3.3.1.1.3) otxldx=276 3 4 (subclause | (subclause 7
9.3.3.1.2) | 933.1.2)
1|1 0,12 it na it it it
(subclause 9.3.3.1.1.1) a a a a na
2,3
4 0 1 (subclause na na na nd
9.3.3.1.2)
2,3
17 0 ctxIdx=276 1 2 (subclause 3 3
9.3.3.1.2)
i)l 0 1 2 na na na na
. 0,12 n na n n n
(subclause 9.3.3.1.1.1) a a a a na
4,5
0,1,2 3 (subclause
7 (subclause 9.3.3.1.1.3) 93.3.12) 5 > 3 >
2,3
p» 0 ctxIdx=276 1 2 (subclause 3 3
9.3.3.1.2)
2,3
36 0 1 (subclause 3 3 3 na
9.3.3.1.2)
0,1,2
1 (subclause 9.3.3.1.1.7) > 4 > 6 6 6
0,1,2
1 (subclause 9.3.3.1..7) 3 4 > 6 6 6
0,1,2,3
¥ (subclausé 9,3.3.1.1.6) 4 > > > > >
0,1
9 (subclause 9.3.3.1.1.5) 2 3 3 3 3 3
0,1,2
¢ (subclause 9.3.3.1.1.8) 3 3 na na na na
a8 0 na na na na na na
6 6 8 frer frer frer frer
70 0,1,2 na na na na na
(subclause 9.3.3.1.1.2) na
0123 0,1,2,3 0,1,2,3 0,1,2,3
73 (subclaus’e’9’3 3.1.14) (subclause | (subclause | (subclause na na na
""" 9.3.3.1.1.4) | 9.3.3.1.1.4) | 9.3.3.1.1.4)
77 0,1,2.3 (sfli)sc’fa’lZse na na na na na
(subclause 9.3.3.1.1.4) 9.33.1.1.4)
276 0 na na na na na na

Table 9-30 shows the values of ctxIdxBlockCatOffset depending on ctxBlockCat for the syntax elements
coded block flag, significant coeff flag, last significant coeff flag, and coeff abs level minusl. The specification of
ctxBlockCat is given in Table 9-32.
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Table 9-30 — Assignment of ctxIdxBlockCatOffset to ctxBlockCat for syntax elements coded_block_flag,

significant_coeff flag, last_significant_coeff flag, and coeff abs level minusl

9.3.3
Subc
Subc
Subc
Subc
Subc
Subc
Subc
Subc
Subc

9.3.3
Outp

When MbaffFrameFlag is equal to 1 andimb_field decoding_flag has not been decoded (yet) for the curre

pair
mb_f

The d
to mh

Let t}

If]
0

O
g

72}

ctxBlockCat (as specified in Table 9-32)
Syntax element

0 1 2 3 4
coded block flag 0 4 8 12 16
significant_coeff flag 0 15 29 44 47
last_significant_coeff flag | O 15 29 44 47
coeff abs_level minusl 0 10 20 30 39

1.1 Assignment process of ctxIdxInc using neighbouring syntax elements

ause 9.3.3.1.1.1 specifies the derivation process of ctxIdxInc for the syntax element mbCskip flag.
ause 9.3.3.1.1.2 specifies the derivation process of ctxIdxInc for the syntax elementmb field decodin
ause 9.3.3.1.1.3 specifies the derivation process of ctxIdxInc for the syntax element mb_type.

ause 9.3.3.1.1.4 specifies the derivation process of ctxIdxInc for the syntax €lement coded block patt
ause 9.3.3.1.1.5 specifies the derivation process of ctxIdxInc for the'syntax element mb_qp_delta.
ause 9.3.3.1.1.6 specifies the derivation process of ctxIdxInc forthe syntax elements ref idx 10 and re
ause 9.3.3.1.1.7 specifies the derivation process of ctxIdxlac)for the syntax elements mvd 10 and mvd
ause 9.3.3.1.1.8 specifies the derivation process of ctxldxInc for the syntax element intra_chroma_pre

ause 9.3.3.1.1.9 specifies the derivation process of ctxIdxInc for the syntax element coded block flag

1.1.1 Derivation process of ctxIdxInc for, the syntax element mb_skip_flag

it of this process is ctxIdxInc.

with top macroblock address 2 * ( CurrMbAddr/2), the inference rule for the

eld decoding_flag as specifieduin subclause 7.4.4 shall be applied.

syq
erivation process for neighbouring macroblocks specified in subclause 6.4.7.1 is invoked and the outj
AddrA and mbAddrBt

je variable condTermFlagN (with N being either A or B) be derived as follows.

mbAddrN jsynet available or mb_skip flag for the macroblock mbAddrN is equal to 1, condTermFlag
0.

therwise (mbAddrN is available and mb_skip flag for the macroblock mbAddrN is equal to 0), cond
t.equal to 1.

o flag.

E1n.

£ idx 11
11

1 mode.

ht macroblock
itax element

ut is assigned

N is set equal

TermFlagN is

The variable ctxIdxInc is derived by

9.3.3.

ctxIdxInc = condTermFlagA + condTermFlagB

1.1.2 Derivation process of ctxIdxInc for the syntax element mb_field decoding_flag

Output of this process is ctxIdxInc.

-1

The derivation process for neighbouring macroblock addresses and their availability in MBAFF frames as specified in

subcl

ause 6.4.6 is invoked and the output is assigned to mbAddrA and mbAddrB.

When both macroblocks mbAddrN and mbAddrN + 1 have mb_type equal to P_Skip or B_Skip, the inference rule for
the syntax element mb_field decoding flag as specified in subclause 7.4.4 shall be applied for the macroblock
mbAddrN.

© ISO/IEC 2004 — All rights reserved

189


https://iecnorm.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

Let the variable condTermFlagN (with N being either A or B) be derived as follows.
- If any of the following conditions is true, condTermFlagN is set equal to 0,
- mbAddrN is not available
- the macroblock mbAddrN is a frame macroblock.
- Otherwise, condTermFlagN is set equal to 1.
The variable ctxIdxInc is derived by
ctxIdxInc = condTermFlagA + condTermFlagB 9-2)

9.3.3.1.1.3 Perivation process of ctxIdxInc for the syntax element mb_type
Input to this process is ctxIdxOffset.
Output of this| process is ctxIdxInc.

The derivatioh process for neighbouring macroblocks specified in subclause 6.4.7.1 is invoked and.tle output is assigned
to mbAddrA and mbAddrB.

Let the variable condTermFlagN (with N being either A or B) be derived as follows.
- Ifany of the following conditions is true, condTermFlagN is set equal to 0

- mbAddrN is not available

- ctxldxDffset is equal to 0 and mb_type for the macroblock mbAddrN isequal to SI

- ctxldxDffset is equal to 3 and mb_type for the macroblock mbAddN isequal to I 4x4

- ctxIdxDffset is equal to 27 and the macroblock mbAddrN is skipped

- ctxldxDffset is equal to 27 and mb_type for the macroblock mmbAddrN is equal to B Direct 16x16
- Otherwise} condTermFlagN is set equal to 1.

The variable ¢txIdxInc is derived as

ctxIdxInc = condTermFlagA + condTermFlagB 9-3)

9.3.3.1.1.4 Perivation process of ctxIdxIn¢for the syntax element coded_block pattern
Inputs to this process are ctxIdxOffset and binldx.
Output of this| process is ctxIdxInc.

Depending o1] the value of the variable ctxIdxOffset, the following applies.

- If etxldxOfffset is equal te.73, the following applies

- The dprivation (process for neighbouring 8x8 luma blocks specified in subclause 6.4.7.2 is invoked| with
luma8x8BIkldx"= binldx as input and the output is assigned to mbAddrA, mbAddrB, luma8x8BlkldxA], and
luma8x8BlkldxB.

- If any of the following conditions is true, condTermFlagN is set equal to 0
- mbAddrN is not available
- mb_type for the macroblock mbAddrN is equal to I PCM

- the macroblock mbAddrN is not skipped and ( ( CodedBlockPatternLuma >> luma8x8BIkIdxN ) & 1) is
not equal to 0 for the macroblock mbAddrN

- Otherwise, condTermFlagN is set equal to 1.
- The variable ctxIdxInc is derived as

ctxIdxInc = condTermFlagA + 2 * condTermFlagB 9-4)
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- Otherwise (ctxIdxOffset is equal to 77), the following applies.

- The derivation process for neighbouring macroblocks specified in subclause 6.4.7.1 is invoked and the output is
assigned to mbAddrA and mbAddrB.

- Let the variable condTermFlagN (with N being either A or B) be derived as follows.

- If mbAddrN is available and mb_type for the macroblock mbAddrN is equal to I PCM, condTermFlagN is set
equal to 1

- Otherwise, if any of the following conditions is true, condTermFlagN is set equal to 0

- mbAddrN is not available or the macroblock mbAddrN is skipped

- binldx is equal to 0 and CodedBlockPatternChroma for the macroblock mbAddrN is equal to [0

- binldx is equal to 1 and CodedBlockPatternChroma for the macroblock mbAddrN is pot equall to 2
- Otherwise, condTermFlagN is set equal to 1.
- | The variable ctxIdxInc is derived as

ctxIdxInc = condTermFlagA + 2 * condTermFlagB + ( ( binldx == 1)?4.Y0) 9-5)

NPTE —When a macroblock uses an Intra 16x16 prediction mode, the, walues of CodedBlockPafternLuma and
CpdedBlockPatternChroma for the macroblock are derived from mb_type as specified in Table 7-8.

9.3.3]11.1.5 Derivation process of ctxIdxInc for the syntax element mb~qp_delta
Outpfit of this process is ctxIdxInc.

Let prevMbAddr be the macroblock address of the macroblock-that precedes the current macroblock in d¢coding order.
When the current macroblock is the first macroblock of a slic€,/)prevMbAddr is marked as not available.

Let the variable ctxIdxInc be derived as follows.

- Iflany of the following conditions is true, ctxIdxIne4s set equal to 0

- | prevMbAddr is not available or the macroblock prevMbAddr is skipped
- | mb_type of the macroblock prevMbAddr is equal to I PCM

- | The macroblock prevMbAddr is net’coded in Intra_16x16 prediction mode and both CodedBlockPatternL.uma and
CodedBlockPatternChroma for thie macroblock prevMbAddr are equal to 0

-| mb_gp_delta for the macreblock prevMbAddr is equal to 0

- Otherwise, ctxIdxInc isset'equal to 1.

9.3.3]11.1.6 Derivation process of ctxIdxInc for the syntax elements ref idx_10 and ref idx_I1
Inputp to this proeess are mbPartldx and the reference picture list suffix 1X, where X =0 or 1.
Outppit of this\precess is ctxIdxInc.

Let cprrSubMbType be set equal to sub_mb_type[ mbPartldx ].

The 'derivatiomprocess—for mreighbourinmg—partitions —specified T —subctause 6477515 mvoked—with mbPartldx,
currSubMbType, and subMbPartldx =0 as input and the output is assigned to mbAddrA\mbPartldxA and
mbAddrB\mbPartldxB.

With ref idx IX[ mbPartldxN ] (with N being either A or B) specifying the syntax element for the macroblock
mbAddrN, let the variable refldxZeroFlagN be derived as follows.

- If MbaffFrameFlag is equal to 1, the current macroblock is a frame macroblock, and the macroblock mbAddrN is a
field macroblock

refldxZeroFlagN = ( (ref idx IX[ mbPartldxN ]>1)?0:1) (9-6)

- Otherwise,
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refldxZeroFlagN = ( ( ref idx 1X[ mbPartldxN]>0)?0:1)

Let the variable predModeEqualFlag be specified as follows.

- If the macroblock mbAddrN has mb_type equal to P_8x8 or B_8x8, the following applies.

9-7)

If SubMbPredMode( sub_mb_type[ mbPartldxN ]) is not equal to Pred LX and not equal to BiPred,
predModeEqualFlag is set equal to 0, where sub_mb_type specifies the syntax element for the macroblock
mbAddrN.

Otherwise, predModeEqualFlag is set equal to 1.

- Otherwise, the following applies.

Let the variab

- Ifanyof't

- Otherwise

The variable

9.3.3.1.1.7
Inputs to this

Output of this

If MbPartPredMode( mb_type, mbPartIdxN )

mbAlddrN.

Otheywise, predModeEqualFlag is set equal to 1.

le condTermFlagN (with N being either A or B) be derived as follows.

he following conditions is true, condTermFlagN is set equal to 0

mbAddrN is not available

the mafroblock mbAddrN has mb_type equal to P_Skip or B_Skip

The mjicroblock mbAddrN is coded in Intra prediction mode

predMpdeEqualFlag is equal to 0

refldxZeroFlagN is equal to 1

ctxId

condTermFlagN is set equal to 1.

txIdxInc is derived as
xInc = condTermFlagA + 2 * condTermFElagB
Derivation process of ctxIdxInc for(the syntax elements mvd_10 and mvd_I1

brocess are mbPartldx, subMbPartldx, the reference picture list suffix IX, and ctxIdxOffset

process is ctxIdxInc.

Let currSubMbType be set equal tosub* mb_type[ mbPartldx ].

The derivati
currSubMbT

mbAddrB\mbPartIdxB\subMbPartIdxB.

Let the variable compldxbe derived as follows.

- If etxIdxOfffset isequal to 40, compldx is set equal to 0.

is not equal to Pred LX and not equal to-\B
predModeEqualFlag is set equal to 0, where mb_type specifies the syntax element for the (macro

n process for fieighbouring partitions specified in subclause 6.4.7.5 is invoked with mbPa
pe, and subMbPartldx as input and the output is assigned to mbAddrA\mbPartldxA\subMbPartldx4

Pred,

block

9-8)

rtldx,
\ and

- Otherwise (ctxIdxOffset is equal to 47), compldx is set equal to 1.

Let the variable predModeEqualFlag be specified as follows.

- If the macroblock mbAddrN has mb_type equal to P_8x8 or B_8x8, the following applies.

192

If SubMbPredMode( sub mb_type[ mbPartldxN ]) is not equal to Pred LX and not equal to BiPred,
predModeEqualFlag is set equal to 0, where sub_mb_type specifies the syntax element for the macroblock
mbAddrN.

Otherwise, predModeEqualFlag is set equal to 1.
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- Otherwise, the following applies.

- If MbPartPredMode( mb_type, mbPartldxN ) is not equal to Pred LX and not equal to BiPred,
predModeEqualFlag is set equal to 0, where mb_type specifies the syntax element for the macroblock
mbAddrN.

- Otherwise, predModeEqualFlag is set equal to 1.
Let the variable absMvdCompN (with N being either A or B) be derived as follows.
- Ifany of the following conditions is true, absMvdCompN is set equal to 0
mbAddrN is not available
the macroblock mbAddrN has mb_type equal to P_Skip or B_Skip

The macroblock mbAddrN is coded in Intra prediction mode

predModeEqualFlag is equal to 0
- Otherwise, the following applies

- | If compldx is equal to 1, MbaffFrameFlag is equal to 1, the current macroblock'is a frame macroblock, and the
macroblock mbAddrN is a field macroblock

absMvdCompN = Abs( mvd_1X[ mbPartldxN ][ subMbPartldxN ][ cofapldx ] ) * 2 9-9)

- | Otherwise, if compldx is equal to 1, MbaffFrameFlag is equal to.};the current macroblock is a fielf macroblock,
and the macroblock mbAddrN is a frame macroblock

absMvdCompN = Abs( mvd_1X[ mbPartldxN ][ subMbPartldxN ][ compldx ])/2 (9-10)
- | Otherwise,
absMvdCompN = Abs( mvd_1X[ mbPartIdxN|[ subMbPartIldxN ][ compldx ] ) (9-11)

The Yariable ctxIdxInc is derived as follows
- Ifj( absMvdCompA + absMvdCompB ) is-less than 3, ctxIdxInc is set equal to O.
- Otherwise, if ( absMvdCompA + absMvdCompB ) is greater than 32, ctxIdxInc is set equal to 2.

- Otherwise ( ( absMvdCompA~+ absMvdCompB ) is in the range of 3 to 32, inclusive), ctxIdxInc is set efual to 1.

9.3.3]11.1.8 Derivation process of ctxIdxInc for the syntax element intra_chroma_pred_mode
Outpfit of this process is-ctxIdxInc.

The derivation proeess for neighbouring macroblocks specified in subclause 6.4.7.1 is invoked and the output is assigned
to myAddrA and‘mbAddrB.

Let the variable condTermFlagN (with N being replaced by either A or B) be derived as follows.

- Iflany of the following conditions is true, condTermFlagN is set equal to 0

- mbAddrN is not available

- The macroblock mbAddrN is coded in Inter prediction mode

- mb_type for the macroblock mbAddrN is equal to | PCM

- intra_chroma_pred mode for the macroblock mbAddrN is equal to 0
- Otherwise, condTermFlagN is set equal to 1.

The variable ctxIdxInc is derived by

ctxIdxInc = condTermFlagA + condTermFlagB (9-12)

© ISO/IEC 2004 — Al rights reserved 193


https://iecnorm.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

9.3.3.1.1.9 Derivation process of ctxIdxInc for the syntax element coded_block flag

Input to this process is ctxBlockCat and additional input is specified as follows.

- If ctxBlockCat is equal to 0, no additional input

- Otherwise, if ctxBlockCat is equal to 1 or 2, luma4x4BlkIdx

- Otherwise, if ctxBlockCat is equal to 3, the chroma component index iCbCr

- Otherwise (ctxBlockCat is equal to 4), chroma4x4Blkldx and the chroma component index compldx

Output of this process is ctxIdxInc( ctxBlockCat ).

Let the variabfle tTransBIockN (with N being cither A or B) be derived as Tollows.
- If ctxBlockCat is equal to 0, the following applies.

- The dgrivation process for neighbouring macroblocks specified in subclause 6.4.7.1 is invoked and-.the output is
assign¢d to mbAddrN (with N being either A or B).

- The variable transBlockN is derived as follows.

- IfthbAddrN is available and the macroblock mbAddrN is coded in Intra_16x16 prédiction mode, the lunja DC
blogck of macroblock mbAddrN is assigned to transBlockN

- Otherwise, transBlockN is marked as not available.
- Otherwise} if ctxBlockCat is equal to 1 or 2, the following applies.

- The dprivation process for neighbouring 4x4 luma blocks specified" in subclause 6.4.7.3 is invoked| with
luma4x4BIkldx as input and the output is assigned to mbAddrN, luma4x4BlkIdxN (with N being either A or|B).

- The variable transBlockN is derived as follows.

- If jhbAddrN is available, the macroblock mbAddrN i§not skipped, mb_type for the macroblock mbAddrN is
notflequal to I PCM, and ( ( CodedBlockPatternLum@>> ( luma4x4BIlkIdxN >>2)) & 1) is not equal tq O for
the|macroblock mbAddrN, the 4x4 luma block with Tuma4x4BlkIdxN of macroblock mbAddrN is assigfied to
trapsBlockN.

- Otherwise, transBlockN is marked as not available.
- Otherwise} if ctxBlockCat is equal to 3, the following applies.

- The dgrivation process for neighbeuring macroblocks specified in subclause 6.4.7.1 is invoked and the output is
assign¢d to mbAddrN (with N being’either A or B).

- The variable transBlockN is-derived as follows.

- If jhbAddrN is available, the macroblock mbAddrN is not skipped, mb_type for the macroblock mbAddrN is
nof| equal to I PEM, and CodedBlockPatternChroma is not equal to 0 for the macroblock mbAddr}, the
chipma DC block of chroma component iCbCr of macroblock mbAddrN is assigned to transBlockN.

- OtherwiséstransBlockN is marked as not available.

- Otherwise| (¢txBlockCat is equal to 4), the following applies.

- The derivation process for neighbouring 4x4 chroma blocks specified in subclause 6.4.7.4 is invoked with
chroma4x4BlklIdx as input and the output is assigned to mbAddrN, chroma4x4BlkIdxN (with N being either A or
B).

- The variable transBlockN is derived as follows.

- If mbAddrN is available, the macroblock mbAddrN is not skipped, mb_type for the macroblock mbAddrN is
not equal to I PCM, and CodedBlockPatternChroma is equal to 2 for the macroblock mbAddrN, the 4x4
chroma block with chroma4x4BIlkIdxN of the chroma component iCbCr of macroblock mbAddrN is assigned
to transBlockN.

- Otherwise, transBlockN is marked as not available.
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Let the variable condTermFlagN (with N being either A or B) be derived as follows.
- If any of the following conditions is true, condTermFlagN is set equal to 0
- mbAddrN is not available and the current macroblock is coded in Inter prediction mode

- mbAddrN is available and transBlockN is not available and mb_type for the macroblock mbAddrN is not equal to
I PCM

- The current macroblock is coded in Intra prediction mode, constrained intra pred flag is equal to 1, the
macroblock mbAddrN is available and coded in Inter prediction mode, and slice data partitioning is in use
(nal_unit_type is in the range of 2 through 4, inclusive).

1 . Ll £ £ 11 . AR . 1= =1 h 1 1
- HICTWIST, 11 dily U1 UIC TOIIOWIIE CULIUIUIOILS 15 UUC, COLUTCIITITIAZINT IS SCLUTHUAL U 1

mbAddrN is not available and the current macroblock is coded in Intra prediction mode

mb_type for the macroblock mbAddrN is equal to I PCM

- Otherwise, condTermFlagN is set equal to the value of the coded block flag of the transform block trapsBlockN that
whs decoded for the macroblock mbAddrN.

The yariable ctxIdxInc( ctxBlockCat ) is derived by

ctxIdxInc( ctxBlockCat ) = condTermFlagA + 2 * condTermFlagB (9-13)

9.3.3{1.2 Assignment process of ctxIdxInc using prior decoded bin values

Inputp to this process are ctxIdxOffset and binldx.

Outptit of this process is ctxIdxInc.

Tablg 9-31 contains the specification of ctxldxInc for the given values of ctxIdxOffset and binldx.

For epch value of ctxIdxOffset and binldx, ctxIdxInc is ‘derived by using some of the values of prior decodled bin values
( bo, by, b,..., by ), where the value of the index k is lessithan the value of binldx.

Table 9-31 — Specification of ctxIdxInc for specific values of ctxIdxOffset and binIdx

Value (name) of ctxIdxOffset | binldx ctxIdxInc

4 (b3 =0)?5:6
3

5 (bs = 0)?26:7
14 2 (by =1)?22:3
17 4 (b3 1=0)?2:3
27 2 (by '=0)?4:5
32 4 (b3 =0)?2:3
36 2 (by =0)?2:3

9.3.3.1.3 Assignment process of ctxIdxInc for syntax elements significant_coeff flag, last_significant_coeff flag,
and coeff_abs_level minusl

Inputs to this process are ctxIdxOffset and binldx.
Output of this process is ctxIdxInc.

The assignment process of ctxldxInc for syntax elements significant coeff flag, last significant coeff flag, and
coeff abs level minusl as well as for coded block flag depends on categories of different blocks denoted by the
variable ctxBlockCat. The specification of these block categories is given in Table 9-32.
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Table 9-32 — Specification of ctxBlockCat for the different blocks

Block description maxNumCoeff ctxBlockCat
block of luma DC transform coefficient levels (for macroblock coded in Intra 16x16 16 0
prediction mode)
block of luma AC transform coefficient levels (for macroblock coded in Intra 16x16 15 1
prediction mode)
block of luma transform coefficient levels (for macroblock not coded in Intra 16x16 16 5
prediction mode)
block of chroma DC transform coefficient levels 4 3
block of chrojna AC transform coefficient levels 15 4

For the synta;
the regarded 1

ctxIdx
The scanning
relates to the

Let numDecd
value equal {
levels with al
current dec
coeff abs_lev

If binldx 1

ctxIdx

Otherwisd

ctxIdx

9.3.3.2 Ari

Inputs to this
codIOffset of

Output of this

Figure 9-2 ill
index ctxIdx i

k elements significant coeff flag and last significant coeff flag the scanning position scanningPos ¥
lock is assigned to ctxIdxInc, where scanningPos ranges from 0 to maxNumCoeff.-\2; inclusive:

(

nc = scanningPos

position for frame coded blocks relates to the zig-zag scan; the scanming position for field coded b
ield scan.

dAbsLevelEql denotes the accumulated number of decoded transform coefficient levels with ab

solute value greater than 1. Both numbers are related tothe same transform coefficient block, whe

ding process takes place. Then, for decoding. of coeff abs level minusl, ctxIdxIng|
el minusl is specified depending on binldx as follows.

5 equal to 0, ctxIdxInc is derived by

nc = ( (numDecodAbsLevelGtl =0 ) ? 0iMin( 4, 1 + numDecodAbsLevelEql )) (
(binldx is greater than 0), ctxIdxInc is derived by

nc =5 + Min( 4, numDecodAbsLevelGtl ) (

hmetic decoding process

process are the bypassFlag, ctxIdx as derived in subclause 9.3.3.1, and the state variables codIRang]
the arithmetic decoding engine.

process is the'value of the bin.

istrates the whole arithmetic decoding process for a single bin. For decoding the value of a bin, the ¢
5 passed.to the arithmetic decoding process DecodeBin(ctxIdx), which is specified as follows.

ithin

)-14)

locks

olute

b 1, and let numDecodAbsLevelGtl denotes the accumulated number of decoded transform coeffficient

e the
for

)-15)

)-16)

e and

ntext

- IfbypassFlagis equal to 1, DecodeBypass( ) as specified in subclause 9.3.3.2.3 is invoked.

- Otherwise, if bypassFlag is equal to 0 and ctxIdx is equal to 276, DecodeTerminate( ) as specified in subclause
9.3.3.2.4 is invoked.

- Otherwise (bypassFlag is equal to 0 and ctxIdx is not equal to 276), DecodeDecision( ) as specified in subclause
9.3.3.2.1 shall be applied.
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I
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DecodeTerminate

No

ctxldx==2767

No

10:2004(E)

¥

‘ ‘ DecodeDecision(ctxldx)

A,
Done

Figure 9-2 — Overview of the arithmetic decoding process for a single bin (informative)

DTE - Arithmetic coding is based on the principle of recursive interval subdivision:-Given a probability estim|
1)=1-p(0) ofabinary decision ( 0, 1), an initially given code sub-interval with'the range codIRange will be
o sub-intervals having range p( 0 ) * codIRange and codIRange — p( 0 ) * codIRange, respectively. Depending
hich has been observed, the corresponding sub-interval will be chosen as theiew code interval, and a binary codd
fo that interval will represent the sequence of observed binary decisions, It is useful to distinguish between thg
mbol (MPS) and the least probable symbol (LPS), so that binary decisions have to be identified as either MPS
an 0 or 1. Given this terminology, each context is specified by the probability p;ps of the LPS and the value of
hich is either 0 or 1.

he arithmetic core engine in this Recommendation | International Standard has three distinct properties:

The probability estimation is performed by means of@finite-state machine with a table-based transition prod
different representative probability states { pppg(pStateldx) | 0 <=pStateldx <64 } for the LPS probab
numbering of the states is arranged in such a way'that the probability state with index pStateldx = 0 corresp|
probability value of 0.5, with decreasing LPS probability towards higher state indices.

The range codIRange representing the.§tate of the coding engine is quantised to a small set {Q,,...
quantisation values prior to the calculation of the new interval range. Storing a table containing all 64x:
product values of Q; * prps(pStateldx) allows a  multiplication-free  approximation of
codIRange * pypg(pStateldx).

For syntax elements or partsithereof for which an approximately uniform probability distribution is assumg
separate simplified encoding and decoding bypass process is used.

2.1 Arithmetic decoding process for a binary decision

5 to this process afe ctxIdx, codIRange, and codIOffset.

its of this precess are the decoded value binVal, and the updated variables codIRange and codlOffset.
e 9-3 shews'the flowchart for decoding a single decision (DecodeDecision).

he valiie of the variable codIRangeLPS is derived as follows.

ation p( 0 ) and
subdivided into
n the decision,
string pointing
most probable
or LPS, rather
MPS (valMPS),

ess between 64
llty Prps- The

onds to an LPS

Q,} of pre-set

I pre-computed

the  product

d to be given a

2.

Given-the currentvalue of f‘l\l]IDQﬂﬁP’ the variable anATD anaeldxis derived 1\}
v H- V-t G £ Vg = £ = Ve

gCodIRangeldx =( codIRange >> 6 ) & 0x03

Given qCodIRangeldx and pStateldx associated with ctxIdx, the value of the variable rangeTabLP
in Table 9-33 is assigned to codIRangeLPS:

codIRangelLPS = rangeTabLPS[ pStateldx ][ qCodIRangeldx ]

The variable codIRange is set equal to codIRange — codIRangeLLPS and the following applies.

If codIOffset is greater than or equal to codIRange, the variable binVal is set equal to 1 - valMPS,
decremented by codIRange, and codIRange is set equal to codI[RangeLLPS.

Otherwise, the variable binVal is set equal to valMPS.
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Given the value of binVal, the state transition is performed as specified in subclause 9.3.3.2.1.1. Depending on the
current value of codIRange, renormalization is performed as specified in subclause 9.3.3.2.2.

9.3.3.2.1.1 State transition process

Inputs to this process are the current pStateldx, the decoded value binVal and valMPS values of the context variable

associated with ctxIdx.

Outputs of this process are the updated pStateldx and valMPS of the context variable associated with ctxIdx.

Depending on the decoded value binVal, the update of the two variables pStateldx and vaIMPS associated with ctxIdx is

derived as follows:

if( binYal == valMPS)

pStateldx = transIdxMPS( pStateldx )
else {

if( pStateldx == 0)

valMPS =1 — valMPS
pStateldx = transIdxLPS( pStateldx )

}

(9-19)

Table 9-34 specifies the transition rules transIdxMPS() and transIdxLPS( ) after decoding the value of valMP§ and

1 — valMPS, gespectively.

DecodeDecision (ctxldx)

qCodIRangeldx = (codIRange>>6) & 3
codIRangeLPS = rangeTabLPS[pStateldx][qCodIRangeldx]
codIRange = codIRange - codIRangelLPS

Yes codlOffset>= codlRange

binVal = lvalMP$
codlOffset = codlOffset--'codIRange
codIRange = codIRangelLPS

binVal =
pStateldx = transl

valMPS

dxMPS[pStateldx]

pStateldx == 07?

Yes j

‘ valMPS = 1 - valMPS
No ‘

pStateldx = transldxLPS[pStateldx]
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Figure 9-3 — Flowchart for decoding a decision
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qCodIRangeldx qCodIRangeldx
pStateldx pStateldx

0 1 2 3 0 1 2 3

0 128 176 208 240 32 27 33 39 45
1 128 167 197 227 33 26 31 37 43
2 128 158 187 216 34 24 30 35 41
3 123 150 178 205 35 23 28 33 39
H 116 142 169 195 36 22 27 32 37
5 111 135 160 185 37 21 26 30 35
6 105 128 152 175 38 20 24 29 33
[7 100 122 144 166 39 19 23 27 31
F 95 116 137 158 40 18 22 26 30
I9 90 110 130 150 41 17 21 25 28
0 85 104 123 142 42 16 20 23 27
1 81 99 117 135 43 15 19 22 25
2 77 94 111 128 44 14 18 21 24
3 73 89 105 122 45 14 17 20 23
4 69 85 100 116 46 13 16 19 22
5 66 80 95 WO 47 12 15 18 21
6 62 76 90 104 48 12 14 17 20
7 59 72 86 99 49 11 14 16 19
8 56 69 81 94 50 11 13 15 18
9 53 65 77 89 51 10 12 15 17
0 51 62 73 85 52 10 12 14 16
1 48 59 69 80 53 9 11 13 15
2 46 56 66 76 54 9 11 12 14
3 48 53 63 72 55 8 10 12 14
4 41 50 59 69 56 8 9 11 13
s 39 48 56 65 57 7 Q 11 12
26 37 45 54 62 58 7 9 10 12
27 35 43 51 59 59 7 8 10 11
28 33 41 48 56 60 6 8 9 11
29 32 39 46 53 61 6 7 9 10
30 30 37 43 50 62 6 7 8 9
31 29 35 41 48 63 2 2 2 2
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Table 9-34 — State transition table

pStateldx 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
transldxLPS 0 0 1 2 2 4 4 5 6 7 8 9 9 11 11 12
transldxMPS 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
pStateldx 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
transldxLPS 13 13 15 15 16 16 18 18 19 19 21 21 22 22 23 24
transldxMPS 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
pStateldx 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47
transIdxLPS 24 25 26 26 27 27 28 29 29 30 30 30 31 32 32 33
transIdxMPS 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48
pStateldx 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63
transIdxLPS 33 33 34 34 35 35 35 36 36 36 37 37 37 38 38 63
transIdxMPS | | 49 50 51 52 53 54 55 56 57 58 59 60 61 62 62 63

9.3.3.2.2 Ren
Inputs to this
Outputs of thi

A flowchart g
and further std

- If codIRaj

- Otherwise
codIRangg

ormalization process in the arithmetic decoding engine

brocess are bits from slice data and the variables codIRange and‘codIOffset.

5 process are the updated variables cod[Range and codIOffset.

f the renormalization is shown in Figure 9-4. The current value of codIRange is first compared to 03

ps are specified as follows.

ge is greater than or equal to 0x0100, no renormalization is needed and the RenormD process is finish

(codIRange is less than 0x0100), the. yenormalization loop is entered. Within this loop, the val

is doubled, i.e., left-shifted by 1 and a-single bit is shifted into codlOffset by using read bits( 1 ).

codlRange< 0x0100

Yes

h 2

codlRange = codIRange << 1
codlOffset = codlOffset << 1
codlOffset = codlOffset | read_bits(1)

Figure 9-4 — Flowchart of renormalization

9.3.3.2.3 Bypass decoding process for binary decisions

Inputs to this process are bits from slice data and the variables codIRange and codlOffset.

Outputs of this process are the updated variable codIOffset and the decoded value binVal.

The bypass decoding process is invoked when bypassFlag is equal to 1. Figure 9-5 shows a flowchart of the
corresponding process.

200
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First, the value of codlOffset is doubled, i.c., left-shifted by 1 and a single bit is shifted into codlOffset by using
read_bits( 1 ). Then, the value of codlOffset is compared to the value of codIRange and further steps are specified as
follows.

9.3.312.4 Decoding process for binary decisions before termination
Inputk to this process are bits from slice data and the varjables codIRange and codlOffset.

Outplits of this process are the updated variables codfRange and codlOffset, and the decoded value binVal.

This

correpponding to ctxldx equal to 276. Figure 9-6 shows the flowchart of the corresponding decoding pro

spec

First,|the value of codIRange is dectemented by 2. Then, the value of codlOffset is compared to the value
and fprther steps are specified as follows.

If codlOffset is greater than or equal to codIRange, the variable binVal is set equal to 1 and
decremented by codIRange.

Otherwise (codIOffset is less than codIRange), the variable binVal is set equal to 0.

DecodeBypass

codIOffset is

v
codlOffset = codlOffset << 1
codlOffset = codlOffset | read_bits(1)
lers

codlOffset >=
codlRange
binVal =1

codlOffset = codlOffset - codlRange

Figure 9-5 — Flowchart of bypass decoding process

"

binVal &0

special decoding routine applies to deecoding of end of slice flag and of the bin indicating the

ified as follows.

Iif codIOffset is greater‘than or equal to codIRange, the variable binVal is set equal to 1, no renormalizg
qut, and CABAC decoding is terminated. The last bit inserted in register codlOffset is equal to 1. W
dnd_of slice flag, this last bit inserted in register codlOffset is interpreted as rbsp_stop_one_bit.

therwise (6odlOffset is less than codIRange), the variable binVal is set equal to 0 and renormalizatios
gs specified in subclause 9.3.3.2.2.

NOTE - This procedure may also be implemented using DecodeDecision(ctxIdx) with ctxIdx = 276. In
the decoded value is equal to 1, seven more bits would be read by DecodeDecision(ctxIdx) and a dd

I PCM mode
Cess, which is

of codIRange

tion is carried
(hen decoding

h is performed

the case where
coding process

would have to adjust its bitstream pointer accordingly to properly decode following syntax elements.

© ISO/IEC 2004 — All rights reserved

201


https://iecnorm.com/api/?name=e6171ae076a22cefecaa6383ac4eddc7

ISO/IEC 14496-10:2004(E)

DecodeTerminate

‘ codIRange = codIRange-2 ‘

Yes codIOffset >= codIRange

binval =0

RenormD

binvVal =1

9.34
This subclaus
Inputs to this

Outputs of thi

This informa
described in s
are called in
EncodeBypas|
DecodeTermil
codILow poirn
range of that s

9.3.4.1
This subclaus

This process
and all pcm_b

Outputs of th
encoding eng

In the initial
Furthermore,
NOTE - Tl
the counte
MaxBinCo
precision rg

——

Figure 9-6 — Flowchart of decoding a decision before termination

Arithmetic encoding process (informative)

e does not form an integral part of this Recommendation | International Standard.
brocess are decisions that are to be encoded and written.
5 process are bits that are written to the RBSP.

ive subclause describes an arithmetic encoding engine that(matches the arithmetic decoding e
ubclause 9.3.3.2. The encoding engine is essentially symmétric with the decoding engine, i.e., proce
the same order. The following procedures are described. in this section: InitEncoder, EncodeDeo
5, EncodeTerminate, which correspond to InitDécoder, DecodeDecision, DecodeBypass,
hate, respectively. The state of the arithmetic encoding engine is represented by a value of the vaj
ting to the lower end of a sub-interval and a value, of the variable codIRange specifying the correspo
ub-interval.

Initfalisation process for the arithmetic encoding engine (informative)

e does not form an integral part of this\Recommendation | International Standard.

s invoked before encoding the first macroblock of a slice, and after encoding the pcm_alignment ze
yte data for a macroblock oftype I PCM.

s process are the values codlLow, codIRange, firstBitFlag, bitsOutstanding, and symCnt of the arith
ne.

sation procedure\of the encoder, codlLow is set equal to 0, and codIRange is set equal to Ox
h firstBitFlag is.set equal to 1, and bitsOutstanding and symCnt counters are set equal to 0.

s bitsOutstanding and symCnt should be sufficiently large to prevent overflow of the related registers.
hntInStice denotes the maximum total number of binary decisions to encode in one slice, the minimum r
quited-for the variables bitsOutstanding and symCnt is given by Ceil( Log2( MaxBinCountInSlice + 1) ).

ngine
dures
ision,

and
riable
nding

0_bit

metic

IFE.

e minimupniegister precision required for codlLow is 10 bits and for CodIRange is 9 bits. The precision requied for

‘When
gister

9.3.4.2 Encoding process for a binary decision (informative)

This subclause does not form an integral part of this Recommendation | International Standard.

Inputs to this process are the context index ctxIdx, the value of binVal to be encoded, and the variables codIRange,

codILow and

Outputs of thi

symCnt.

s process are the variables codIRange, codILow, and symCnt.

Figure 9-7 shows the flowchart for encoding a single decision. In a first step, the variable codIRangeLPS is derived as
follows.

Given the current value of codIRange, codlRange is mapped to the index qCodIRangeldx of a quantised value of
codlRange by using Equation 9-17. The value of qCodIRangeldx and the value of pStateldx associated with ctxIdx are
used to determine the value of the variable rangeTabLPS as specified in Table 9-33, which is assigned to codIRangeLPS.
The value of codIRange — codIRangeLPS is assigned to codIRange.
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In a second step, the value of binVal is compared to vaIMPS associated with ctxIdx. When binVal is different from
valMPS, codIRange is added to codlLow and codIRange is set equal to the value codlRangeLPS. Given the encoded
decision, the state transition is performed as specified in subclause 9.3.3.2.1.1. Depending on the current value of
codIRange, renormalization is performed as specified in subclause 9.3.4.3. Finally, the variable symCnt is incremented

by 1.

éwodeDecision(ctxldx,binvﬁ

qCodIRangeldx = (codIRange >>6) & 3
codlRangeLPS = rangeTabLPS[pStateldx][qCodIRangeldx]

9.34
This
Input]
Outp

COdIR: = -

binVal !=
valMPS

l—Yes

codlLow = codILow + codIRange No
codIRange = codIRangelLPS
No—i

pStateldx !=0
valMPS =1 - valMPS
Yes
& 4
pStateldx = transldxLPS[pStateldx] pStateldx = transldxMPS[pStateldx]
RenormE

.

symCnt = symCnt + 1

Figure 9-7 — Flowchart for encoding a decision

3 Renormalization process in the arithmetic encoding engine (informative)
bubclause does not form an integral part of this Recommendation | International Standard.

5 to this\process are the variables codIRange, codILow, firstBitFlag, and bitsOutstanding.

hts ‘of this process are zero or more bits written to the RBSP and the updated variables codIRai

first

1tk lag, and bitsOutsianding.

Renormalization is illustrated in Figure 9-8.
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RenormE

codlRange < 0x100

codlLow < 0x100

Y,
s No codILowW >= UX200 Yes
codlLow = codlLow - 0x100 _
bitsOutstanding = bitsOutstanding + codlLow = codlLow - 0x200
No J'.
PutBit(0) PutBit(1)

A

codIRange = codlRange << 1

codlLow = codlLow << 1

Figure 9-8 — Flowchart of renormalization in the encoder

The PutBit( )[procedure described in Figure 9-9 providesicarry over control. It uses the function WriteBits( B, N|) that
writes N bits with value B to the bitstream and advances the bitstream pointer by N bit positions. This function asyumes
the existence pf a bitstream pointer with an indicatipn of the position of the next bit to be written to the bitstream by the

encoding prodess.

PutBit(B)

firstBitFlag = 0 WriteBits(B, 1)

) 4

bitsOutstanding > 0

Yesw

WriteBits(1 - B, 1)
No bitsOutstanding = bitsOutstanding - 1

%

Figure 9-9 — Flowchart of PutBit(B)
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9.3.4.4 Bypass encoding process for binary decisions (informative)

This subclause does not form an integral part of this Recommendation | International Standard.

Inputs to this process are the variables binVal, codILow, codIRange, bitsOutstanding, and symCnt.

Output of this process is a bit written to the RBSP and the updated variables codlLow, bitsOutstanding, and symCnt.

This encoding process applies to all binary decisions with bypassFlag equal to 1. Renormalization is included in the
specification of this process as given in Figure 9-10.

EncodeBypass(binVal)

codlLow = codlLow << 1

[ @

codlLow = codIlLow + codIRange

PutBit(1)
l N v

PutBit(0) codlLow = codiLow - 0x400

codlLow = codiLow - 0x200
bitsOutstanding = bitsOutstanding + 1

|
:

symCnt = symCnt + 1

Figure 9-10 — Flowchart of encoding bypass

This subclause does not form an integral part of this Recommendation | International Standard.
Inputs to this process are the variables binVal, codIRange, codILow, bitsOutstanding, and symCnt.

Outputs of this process are zero or more bits written to the RBSP and the updated variables codlLow, codIRange,
bitsOutstanding, and symCnt.

This encoding routine shown in Figure 9-11 applies to encoding of the end of slice flag and of the bin indicating the
I PCM mb_type both associated with ctxIdx equal to 276.
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EncodeTerminate(binVal)

codIRange = codIRange - 2

Jes‘

No
codlLow = codlLow + codIRange i

RenormE

l

When the val
Figure 9-12 is
end of slice |

EncodeFlush

symCnt = symCnt + 1

=

Figure 9-11 — Flowchart of encoding a decision before termination

he of binVal to encode is equal to 1, CABAC encoding is terminated‘and the flushing procedure sho
applied. In this flushing procedure, the last bit written by WriteBits¢B, N ) is equal to 1. When enc|
flag, this last bit is interpreted as the rbsp_stop _one bit.

codlRange =2

v

RenormE

v

PutBit((codlLow >> 9) & 1)

WriteBits(((codILow >> 7) & 3) | 1, 2)

Figure 9-12 — Flowchart of flushing at termination

wn in
pding

9.3.4.6 Byte stuffing process (informative)

This subclause does not form an integral part of this Recommendation | International Standard.

This process is invoked after encoding the last macroblock of the last slice of a picture and after encapsulation.

Inputs to this process are the number of bytes NumBytesInVcINALunits of all VCL NAL units of a picture, the number
of macroblocks PicSizeInMbs in the picture, and the number of binary symbols BinCountsInNALunits resulting from
encoding the contents of all VCL NAL units of the picture.

Outputs of this process are zero or more bytes appended to the NAL unit.

Let the variable k be set equal to Ceil( ( Ceil(( 3 * BinCountsInNALunits — 3 * 96 * PicSizeInMbs ) / 32) —
NumBytesInVcINALunits ) / 3 ). Depending on the variable k the following applies.

206
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- Ifk s less than or equal to 0, no cabac_zero word is appended to the NAL unit.

- Otherwise (k is greater than 0), the 3-byte sequence 0x000003 is appended k times to the NAL unit after
encapsulation, where the first two bytes 0x0000 represent a cabac_zero_word and the third byte 0x03 represents an
emulation_prevention_three byte.
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Annex A

Profiles and levels
(This annex forms an integral part of this Recommendation | International Standard)

Profiles and levels specify restrictions on bitstreams and hence limits on the capabilities needed to decode the bitstreams.
Profiles and levels may also be used to indicate interoperability points between individual decoder implementations.

NOTE - This Recommendation | International Standard does not include individually selectable “options™ at the decoder, as this
would increase interoperability difficulties.

Each profile
that profile.

NOTE — Ej

Each level

Recommendal
implementati
correspond to

pecifies a subset of algorithmic features and limits that shall be supported by all decoders conform

coders are not required to make use of any particular subset of features supported in a profile.

kpecifies a set of limits on the values that may be taken by the syntax clements of
tion | International Standard. The same set of level definitions is used with all profiles, but indiy
ns may support a different level for each supported profile. For any given profile, levels gen
decoder processing load and memory capability.

Al

ability to dec

such profile, the level supported for that profile shall also be expressed.

Specific valu
profile_idc an

NOTE - D{
Recommen|
there are nd

A2 Prof

A.2.1 Base

Bitstreams co

Re(lt
Capabilities

irements on video decoder capability

video decoders conforming to this Recommendation | International’Standard are specified in terms
bde video streams conforming to the constraints of profiles and¢levels specified in this Annex. Foi

ps are specified in this annex for the syntax elements.profile idc and level idc. All other valy

d level idc are reserved for future use by ITU-T | ISOAEC.

coders should not infer that when a reserved value of profile® idc or level idc falls between the values specified
Hation | International Standard that this indicates intermediate capabilities between the specified profiles or lev
restrictions on the method to be chosen by ITU-T [ISO/IEC for the use of such future reserved values.

iles

line profile

hforming to the Baseline profile'shall obey the following constraints:
Only I and P slice types may-be present.
NAL unit streams shall\not contain nal unit type values in the range of 2 to 4, inclusive.
Sequence parameter-sets shall have frame mbs_only flag equal to 1.
Picture parameter sets shall have weighted pred flag and weighted bipred idc both equal to 0.
Picture parameter sets shall have entropy _coding mode flag equal to 0.
Picture-parameter sets shall have num_slice _groups_minus] in the range of 0 to 7, inclusive.

The Ievel constraints specified for the Baseline profile in subclause A.3 shall be fulfilled.

ng to

this
idual
erally

bf the
each

es of

n this
bls, as

Conformance

of a bitstream to the Baseline profile is specified by profile idc being equal to 66.

Decoders conforming to the Baseline profile at a specific level shall be capable of decoding all bitstreams in which
profile idc is equal to 66 or constraint_set0 flag is equal to 1 and in which level idc represents a level less than or equal
to the specified level.

A.2.2

Main profile

Bitstreams conforming to the Main profile shall obey the following constraints:

208

Only I, P, and B slice types may be present.
NAL unit streams shall not contain nal_unit_type values in the range of 2 to 4, inclusive.
Arbitrary slice order is not allowed.

Picture parameter sets shall have num_slice groups minusl equal to 0 only.
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—  Picture parameter sets shall have redundant pic_cnt_present flag equal to O only.

—  The level constraints specified for the Main profile in subclause A.3 shall be fulfilled.

Conformance of a bitstream to the Main profile is specified by profile_idc being equal to 77.

Decoders conforming to the Main profile at a specified level shall be capable of decoding all bitstreams in which
profile idc is equal to 77 or constraint_setl flag is equal to 1 and in which level idc represents a level less than or equal
to the specified level.

A.2.3

Extended profile

Bitstreams conforming to the Extended profile shall obey the following constraints:

Confprmance of a bitstream to the Extended profile is specified by profile idc being equal'to 88.

—  Sequence parameter sets shall have direct 8x8 inference flag equal to 1.
—  Picture parameter sets shall have entropy coding_mode flag equal to 0.
—  Picture parameter sets shall have num_slice_groups_minus] in the range of 0 to 7s.inclusive

—  The level constraints specified for the Extended profile in subclause A.3 shall be fulfilled.

Decofers conforming to the Extended profile at a specified level shall be capable 0f decoding all bitstrdams in which
profile_idc is equal to 88 or constraint_set2 flag is equal to 1 and in which level (ide represents a level lesq than or equal

to sp¢cified level.

Decogers conforming to the Extended profile at a specified level shall alserbe-capable of decoding all bitstrgams in which
profile idc is equal to 66 or constraint set0 flag is equal to 1, in which'level idc represents a level less than or equal to

the specified level.

A3

The following is specified for expressing the constraints dn, this Annex.
- llet access unit n be the n-th access unit in decoding’order with the first access unit being access unit 0.

- llet picture n be the primary coded picture or'the corresponding decoded picture of access unit n.

A3.1

Let the variable fR be derived as follows.
- If picture nis a frame, fR is set;equal to 1 + 172.
- therwise (picture n is_ a'field), fR is set equal to 1 + (172 * 2).

Bitstjeams conformingtosany profile at a specified level shall obey the following constraints:

3

Levels

Profile-independent level limits

The nominal rémoval time of access unit n (with n > 0) from the CPB as specified in subclause .1.2, satisfies
the conSttaint that t,,(n)-t(n-1) is greater than or equal to Max( PicSizeInMbs + MaxMBPF, fR ), where
MaxMBPS is the value specified in Table A-1 that applies to picture n, and PicSizeInMbs is the number of
macroblocks in picture n.

The difference between consecutive output times of pictures from the DPB as specified in subclause C.2.2,

d)

satisfies the constraint that At, 4,»( n ) >= Max( PicSizeInMbs + MaxMBPS, fR ), where MaxMBPS is the value
specified in Table A-1 for picture n, and PicSizeInMbs is the number of macroblocks of picture n, provided that
picture n is a picture that is output and is not the last picture of the bitstream that is output.

The sum of the NumBytesInNALunit variables for access unit 0 is less than or equal to
256 * ChromaFormatFactor * ( PicSizeInMbs + MaxMBPS * (t(0)-t,,(0))) + MinCR, where MaxMBPS
and MinCR are the values specified in Table A-1 that apply to picture 0 and PicSizeInMbs is the number of
macroblocks in picture 0.

The sum of the NumBytesInNALunit variables for access unit n (with n > 0) is less than or equal to
256 * ChromaFormatFactor * MaxMBPS * (t(n)-t(n—-1))+ MinCR, where MaxMBPS and MinCR are the
values specified in Table A-1 that apply to picture n.

PicWidthInMbs * FrameHeightInMbs <= MaxFS, where MaxFS is specified in Table A-1
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g
h)

i)

k)

D

PicWidthInMbs <= Sqrt( MaxFS * 8 )
FrameHeightInMbs <= Sqrt( MaxFS * 8 )

max_dec_frame buffering <= MaxDpbSize, where MaxDpbSize is equal to
Min( 1024 * MaxDPB / ( PicWidthInMbs * FrameHeightInMbs * 256 * ChromaFormatFactor ), 16 ) and
MaxDPB is given in Table A-1 in units of 1024 bytes. max_dec frame buffering is also called DPB size.

For the VCL HRD parameters, BitRate[ SchedSelldx ] <= 1000 * MaxBR and CpbSize[ SchedSelldx ] <= 1000
* MaxCPB for at least one value of SchedSelldx, where BitRate[ SchedSelldx ] is given by Equation E-13 and
CpbSize[ SchedSelldx ] is given by Equation E-14 when vel_hrd parameters present flag is equal to 1. MaxBR
and MaxCPB are specified in Table A-1 in units of 1000 bits/s and 1000 bits, respectively. The bitstream shall

satisfy—these—conditions—for-atleastone—value—of SchedSeHdx—in—therangeO—to—epb—ent—minust—melisive.

Cpb$ize[ SchedSelldx ] is also called CPB size. -

For the NAL HRD parameters, BitRate[ SchedSelldx ] <= 1200 * MaxBR and CpbSize[ SchedSelldx-] <=/1200
* MgxCPB for at least one value of SchedSelldx, where BitRate[ SchedSelldx ] is given by Equation E-1B and
Cpb$ize[ SchedSelldx ] is given by Equation E-14 when nal hrd parameters present flag equal to 1. MpxBR
and MaxCPB are specified in Table A-1 in units of 1200 bits/s and 1200 bits, respectively.(The bitstrean shall
satisfy these conditions for at least one value of SchedSelldx in the range 0 to cpb_cnt ,minus1.

Vert{cal motion vector component range does not exceed MaxVmvR in units of luma frame samples, where
MaxMVmvR is specified in Table A-1

Horigontal motion vector range does not exceed the range of -2048 to 2047.75, inclusive, in units of|luma
samplles

Number of motion vectors per two consecutive macroblocks in deceding order (also applying to the total| from
the 13st macroblock of a slice and the first macroblock of the nextslice in decoding order, and in particulalr also
applying to the total from the last macroblock of the last sliceof a picture and the first macroblock of the first
slice| of the next picture in decoding order) does not exceed MaxMvsPer2Mb, where MaxMvsPer2Mb is
specified in Table A-1. The number of motion vectors fer\each macroblock is the value of the variable MvCnt
after|the completion of the intra or inter prediction proeess for the macroblock.

Numper of bits of macroblock layer( ) data, for any macroblock is not greater than 128 + 2(J48 *
ChrgmaFormatFactor. Depending on entropyseoding mode flag, the bits of macroblock layer( ) dafa are
counged as follows.

- f entropy coding_mode flag is equal’to 0, the number of bits of macroblock layer( ) data is given By the
humber of bits in the macroblock ;layer( ) syntax structure for a macroblock.

- Ptherwise (entropy coding \mode flag is equal to 1), the number of bits of macroblock layer( ) data| for a
macroblock is given bysthe number of times read bits( 1) is called in subclauses 9.3.3.2.2 and 9.3]3.2.3
vhen parsing the maesoblock layer( ) associated with the macroblock.

Table A-1 bdlow specifies the limits for each level. Entries marked "-" in Table A-1 denote the absence|of a

corresponding limit.

Conformance(to a particular level shall be specified by setting the syntax element level idc equal to a value of ten times

the level numper specified in Table A-1.

210
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Table A-1 — Level limits

10:2004(E)

Max Max Max Vertical MV
macroblock Max decoded video Max component Max number of
processing frame picture bit rate CPB size range Min motion vectors
rate size buffer size MaxBR MaxCPB MaxVmvR |compression per two
Level | MaxMBPS | MaxFS | MaxDPB | (1000 bits/s or | (1000 bits or | (luma frame ratio consecutive MBs
number (MB/s) (MBs) | (1024 bytes) | 1200 bits/s) 1200 bits) samples) MinCR |MaxMvsPer2Mb
1 1485 99 148.5 64 175 [-64,+63.75] 2 -
1.1 3000 396 337.5 192 500 [-128,+127.75] 2 -
1.p 6 000 396 891.0 384 1 000 [-128,+127.75] 2 -
18 11 880 396 891.0 768 2 000 [-128,+127.75] 2 -
2 11 880 396 891.0 2 000 2 000 [-128,+127.75] 2 -
241 19 800 792 1782.0 4 000 4 000 [-256,+255.75] 2 -
22 20250 1620 3037.5 4 000 4000 [-256,+255.45] 2 -
3 40 500 1 620 3037.5 10 000 10 000 [-256,#255.75] 2 32
31 108 000 3600 6 750.0 14 000 14 000 [-512,#511.75] 4 16
3p 216 000 5120 7 680.0 20 000 20 000 [-512,+511.75] 4 16
4 245 760 8192 12 288.0 20 000 25 000 [-512,+511.75] 4 16
41 245 760 8192 12 288.0 50 000 62(500 [-512,+511.75] 2 16
42 491 520 8192 12 288.0 50 000 62 500 [-512,+511.75] 2 16
5 589 824 22 080 41 400.0 135 000, 135 000 [-512,+511.75] 2 16
541 983 040 36 864 69 120.0 240000 240 000 [-512,+511.75] 2 16
Levels with non-integer level numbers in Table A-1 are referred to as “intermediate levels”.
NDPTE — All levels have the same status, but'some applications may choose to use only the integer-numbered levels
Informative subclause A.3.3 shows.the effect of these limits on frame rates for several example picture formats.
A.3.] Profile-specific level limits

4) In bitstreams conforming to the Main profile, the removal time of access unit 0 shall satisfy the gonstraint that
the number of slices in picture 0 is less than or equal to
( PicSizelnMbs + MaxMBPS * (t(0)-t,,(0))) = SliceRate, where SliceRate is the value| specified in
Table Ac3-that applies to picture 0.

) In bitstreams conforming to the Main profile, the difference between consecutive removal time of fccess units n
andin - 1 (with n > 0) shall satisfy the constraint that the number of slices in picture n is less thpn or equal to
MaxMBPS * (t(n)-t(n-1))=+ SliceRate, where SliceRate is the value specified in Table A{3 that applies
o picture n.

¢) In bitstreams conforming to the Main profile, sequence parameter sets shall have direct 8x8 inference flag

equal to 1 for the levels specified in Table A-3.
NOTE — direct 8x8 inference flag is not relevant to the Baseline profile as it does not allow B slice types (specified in
subclause A.2.1), and direct 8x8 inference flag is equal to 1 for all levels of the Extended profile (specified in subclause
A23).

d) In bitstreams conforming to the Main and Extended profiles, sequence parameter sets shall have

frame_mbs_only flag equal to 1 for the levels specified in Table A-3 for the Main profile and in
the Extended profile.

NOTE — frame_mbs_only flag is equal to 1 for all levels of the Baseline profile (specified in subclause A.2.1
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e)

A.3.2.1 Base

Table A-2 spg
"-"in Table A

In bitstreams conforming to the Main and Extended profiles, the value of sub_mb_type in B macroblocks shall
not be equal to B Bi_8x4, B Bi 4x8, or B _Bi 4x4 for the levels in which MinLumaBiPredSize is shown as 8x8

in Table A-3 for the Main profile and in Table A-4 for the Extended profile.

In bitstreams conforming to the Baseline and Extended profiles, ( xInty,,, — XIntyy, + 6 ) * ( yInty., — ylnty, + 6)
<= MaxSubMbRectSize in macroblocks coded with mb type equal to P_8x8, P 8x8ref0 or B 8x8 for all
invocations of the process specified in subclause 8.4.2.2.1 used to generate the predicted luma sample array for a
single list (list O or list 1) for each 8x8 sub-macroblock, where NumSubMbPart( sub_mb_type ) > 1, where
MaxSubMbRectSize is specified in Table A-2 for the Baseline profile and in Table A-4 for the Extended profile

and

xInt,;, is the minimum value of xInt; among all luma sample predictions for the sub-macroblock

line profile limits

xInt,,.x is the maximum value of xInt; among all luma sample predictions for the sub-macroblock
yInt,;, is the minimum value of yInt; among all luma sample predictions for the sub-macrobloek

ylnt, .« is the maximum value of yInt; among all luma sample predictions for the sub-macreblock

Table A-2 — Baseline profile level limits

Level number | MaxSubMbRectSize
1 576
1.1 576
1.2 576
1.3 576
2 576
2.1 576
2.2 576
3 576
3.1 -
3.2 -
4 .
4.1 -
4.2 -
5 -
5.1 -

cifies limits for each level that are specific to bitstreams conforming to the Baseline profile. Entries marked
-2 denote the absence of a corresponding limit.

A.3.2.2 Main profile limits

Table A-3 specifies limits for each level that are specific to bitstreams conforming to the Main profile. Entries marked "-"

in Table A-3 denote the absence of a corresponding limit.
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