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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
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INTERNATIONAL STANDARD ISO/IEC 15444-1
RECOMMENDATION ITU-T T.800

Information technology — JPEG 2000 image coding system: Core coding system

Summary

This Recommendation | International Standard defines a set of lossless (bit-preserving) and lossy compression methods
for coding bi-level, continuous-tone grey-scale, palletized colour, or continuous-tone colour digital still images.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). The ITU Telecommunication
Standardization Sector (ITU-T) is a permanent organ of ITU. ITU-T is responsible for studying technical,
operating and tariff questions and issuing Recommendations on them with a view to standardizing
telecommunications on a worldwide basis.

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes
the topics for study by the ITU-T study groups which, in turn, produce Recommendations on these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some [areas of information technology which fall within ITU-T's purview, the necessary stanglards are
prepared|on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used-for conciseness to indicat¢ both a
telecomrhunication administration and a recognized operating agency.

Compliance with this Recommendation is voluntary. However,, the Recommendation may contain certain
mandatory provisions (to ensure, e.g., interoperability ~or) applicability) and compliance Wwith the
Recommiendation is achieved when all of these mandatory provisions are met. The words "shall"| or some
other obligatory language such as "must" and the negative-equivalents are used to express requirements. The
use of such words does not suggest that compliance with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the-possibility that the practice or implementation of this Recommendation may involve
the use df a claimed InteHectual Property Right. ITU takes no position concerning the evidence, validity or
applicabllity of claimed Intellectual Property Rights, whether asserted by ITU members or others dutside of
the Recommendation development process.

As of thej dat€ of*approval of this Recommendation, ITU had received notice of intellectual property, protected
by patentsy.which may be required to implement this Recommendation. However, implementers are ¢autioned
that this mMay ot Tepresent the 1atest information and are theretore swongly urged to consult the 1B patent
database at http://www.itu.int/ITU-T/ipr/.

© ITU 2019

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the prior
written permission of ITU.
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

1

Information technology — JPEG 2000 image coding system: Core coding system

Scope

This Recommendation | International Standard defines a set of lossless (bit-preserving) and lossy compression methods

for coding bi-level, continuous-tone grey-scale, palletized colour, or continuous-tone colour digital still images.

This Recommendation | International Standard:

NOTE

—  specifies decoding processes for converting compressed image data to reconstructed image data;

—  specifies a file format;

- provides guidance on how to implement these processes in practice.

a;

—  provides guidance on encoding processes for converting source image data to compress€d imagg data;

— As this specification was first published as common text only after ISO/IEC JTC1 had approved the first editipn in 2000,

editionfnumbers in the ITU and ISO/IEC versions are offset by one. This is the third edition of ITU-T*.800 and the foyirth edition

of ISO

2

The follo
constitute

IEC 15444-1.

[References

ving Recommendations and International Standards contain proyisions which, through reference in
provisions of this Recommendation | International Standard. At(the time of publication, the editions

this text,
indicated

were valid. All Recommendations and Standards are subject to reViSion, and parties to agreements basgd on this
Recommgndation | International Standard are encouraged to investigate’'the possibility of applying the most recgnt edition
of the Refommendations and Standards listed below. Members, of IEC and ISO maintain registers of currgntly valid

Internatio

2.1

2.2

[[dentical Recommendations | International Standards
compression and coding of continuous-tone still images: Requirements and guidelines.

compression and coding of continuous-tone still images: Extensions.

Provisions tgullow registration of new compression types and versions in the SPIFF header.

Authorities (REGAUT).

. 7y . . 7
COMLINUOUS-torne St images — DASELC.

hal Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of currgntly valid
ITU-T Rgcommendations.
—  Recommendation ITU-T T.81 (1992) | ISO/IEC 10918-1:1994, Information technology |- Digital
- Recommendation ITU-T (T84 (1996) | ISO/IEC 10918-3:1997, Information technology |- Digital

—  Recommendation ITU-T T.84 (1996)/Amd.1 (1999) | ISO/IEC 10918-3:1997/Amd.1:1999, Information
technology — Digital compression and coding of continuous-tone still images: Extensions — Amepdment 1:

—  Recommendation ITU-T T.86 (1998) | ISO/IEC 10918-4:1999, Information technology |- Digital
compression and coding of continuous-tone still images: Registration of JPEG Profiles, SPIFK Profiles,
SPIKE) Tags, SPIFF colour Spaces, APPn Markers, SPIFF Compression types and Rédgistration

— S Recommendation ITU-T T.87 (1998) | ISO/IEC 14495-1:2000, Lossless and near-lossless comgression of

—  Recommendation ITU-T T.88 (2000) | ISO/IEC 14492:2001, Information technology — Lossy/lossless

coding of bi-level images.

—  Recommendation ITU-T T.810 (2006) | ISO/IEC 15444-11:2007, Information technology — JPEG 2000

image coding system: Wireless.

—  ISO/IEC 646:1991, Information technology — ISO 7-bit coded character set for information interchange.

—  ISO 8859-15:1999, Information technology — 8-bit single-byte coded graphic character sets — Part 15:

Latin alphabet No. 9.

Additional references

—  Recommendation ITU-R BT.601-6 (2007), Studio encoding parameters of digital television for

standard 4:3 and wide screen 16:9 aspect ratios.
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—  Recommendation ITU-R BT.709-5 (2002), Parameter values for the HDTV standards for production and
international programme exchange.

— IEC 61966-2-1:1999, Multimedia systems and equipment — Colour measurement and management —
Part 2-1: Colour management — Default RGB colour space — sRGB.

— IEC 61966-2-1:1999/Amd.1:2003, Multimedia systems and equipment — Colour measurement and
management — Part 2-1: Colour management — Default RGB colour space — sRGB.

— IETF RFC 2279 (1998), UTF-8, a transformation format of ISO 10646.
— ISO 11664-1:2007 (CIE S 014-1/E:2006), Colorimetry — Part 1. CIE standard colorimetric observers.

— ISO 14721, Space data and information transfer systems — Open archival information system — Reference
model.

— ISO 15076-1, Image technology colour management — Architecture, profile format and data structure —
Part 1: Based on ICC.1:2010.

- ISO 26428-1:2008, Digital cinema (D-cinema) distribution master — Part 1: Image characteristics.

—  ISO/IEC 11578:1996, Information technology — Open Systems Interconnection — Remoge \Procefiure Call.

3 [Definitions

For the pyrposes of this Recommendation | International Standard, the following definitions.apply:

31 | x, floor function: This indicates the largest integer not exceeding x.
3.2 [ x |, ceiling function: This indicates the smallest integer not exceeded by/x.
33 5-3 reversible filter: A particular filter pair used in the wavelet transformation. This reversible [filter pair

has 5 taps|in the low-pass and 3 taps in the high-pass.

34 0-7 irreversible filter: A particular filter pair used in the 'wavelet transformation. This irreversible(filter pair
has 9 taps|in the low-pass and 7 taps in the high-pass.

3.5 [access unit: A coded representation of one video franite.
3.6 AND: Bit wise AND logical operator.
3.7 [arithmetic coder: An entropy coder thateonverts variable length strings to variable length codes (pncoding)

and vice Versa (decoding).

3.8 [auxiliary channel: A channel that is*used by the application outside the scope of colourspace conversion. For
example, pn opacity channel or a depth ehannel would be an auxiliary channel.

3.9 bit: A contraction of the term”'binary digit"; a unit of information represented by a zero or a one.

3.10 bit-plane: A two dimensional array of bits. In this Recommendation | International Standard a bit-plane refers
to all the|bits of the same magnitude in all coefficients or samples. This could refer to a bit-plane in a c¢gmponent,
tile-comppnent, code-blogk, region of interest, or other.

3.11 bit stream{The actual sequence of bits resulting from the coding of a sequence of symbols. It does npt include
the markeyrs or marker segments in the main and tile-part headers or the EOC marker. It does include any packpt headers
and in-strgam markers and marker segments not found within the main or tile-part headers.

3.12 big-éndian: The bits of a value representation occur in order from the most significant to the least significant.

3.13 box: A portion of the file format defined by a length and unique box type. Boxes of some types may contain
other boxes.

3.14 box contents: Refers to the data wrapped within the box structure. The contents of a particular box are stored
within the DBox field within the box data structure.

3.15 box type: Specifies the kind of information that shall be stored with the box. The type of a particular box is
stored within the TBox field within the box data structure.

3.16 byte: Eight bits.

3.17 channel: One logical component of the image. A channel may be a direct representation of one component from
the codestream, or may be generated by the application of a palette to a component from the codestream.
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3.18 cleanup pass: A coding pass performed on a single bit-plane of a code-block of coefficients. The first pass and
only coding pass for the first significant bit-plane is a cleanup pass; the third and the last pass of every remaining bit-plane
is a cleanup pass.

3.19 codestream: A collection of one or more bit streams and the main header, tile-part headers, and the EOC
required for their decoding and expansion into image data. This is the image data in a compressed form with all of the
signalling needed to decode.

3.20 code-block: A rectangular grouping of coefficients from the same sub-band of a tile-component.

3.21 code-block scan: The order in which the coefficients within a code-block are visited during a coding pass. The
code-block is processed in stripes, each consisting of four rows (or all remaining rows if less than four) and spanning the
width of the code-block. Each stripe is processed column by column from top to bottom and from left to right.

3.22 coder: An embodiment of either an encoding or decoding process.

3.23 coding pass: A complete pass through a code-block where the appropriate coetticient values and. cpntext are
applied. There are three types of coding passes: significance propagation pass, magnitude refinement pass arld cleanup
pass. The|result of each pass (after arithmetic coding, if selective arithmetic coding bypass is not used))is a [stream of
compress¢d image data.

3.24 coefficient: The values that are the result of a transformation.

3.25 colour channel: A channel that functions as an input to a colour transformatiofrsystem. For exaniple, a red
channel o} a greyscale channel would be a colour channel.

3.26 component: A two-dimensional array of samples. An image typically.consists of several components, for
instance, fepresenting red, green and blue.

3.27 compressed image data: Part or all of a bit stream. It can also refer to a collection of bit streams in [part or all
of a codegtream.

3.28 conforming reader: An application that reads and interpretsya JP2 file correctly.

3.29 context: Function of coefficients previously decoded and used to condition the decoding of tHe present
coefficient.

3.30 context label: The arbitrary index used to distinguish different context values. The labels are pised as a

convenierjce of notation rather than being normative.

3.31 context vector: The binary vector consisting of the significance states of the coefficients included infa context.
3.32 decoder: An embodiment of a decoding process, and optionally a colour transformation process.
3.33 decoding process: A process;which takes as its input all or part of a codestream and outputs all of part of a

reconstru¢ted image.

3.34 decomposition level:.A\eollection of wavelet sub-bands where each coefficient has the same spatial{impact or
span with respect to the source) component samples. These include the HL, LH and HH sub-bands of the [same two
dimensional sub-band decomposition. For the last decomposition level, the LL sub-band is also included.

3.35 delimiting ./markers and marker segments: Markers and marker segments that give informatjon about
beginning and endinig)points of structures in the codestream.

3.36 discrete wavelet transformation (DWT): A transformation that iteratively transforms one signal ifto two or
more filtefeddnd decimated signals corresponding to different frequency bands. This transformation operates op spatially
discrete samptes:

3.37 encoder: An embodiment of an encoding process.
3.38 encoding process: A process that takes as its input all or part of the source image data and outputs a codestream.
3.39 file format: A codestream and additional support data and information not explicitly required for the decoding

of codestream. Examples of such support data include text fields providing titling, security and historical information,
data to support placement of multiple codestreams within a given data file, and data to support exchange between
platforms or conversion to other file formats.

3.40 fixed information markers and fixed information marker segments: Markers and marker segments that
offer information about the original image.

3.41 functional markers and functional marker segments: Markers and marker segments that offer information
about coding procedures.
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3.42 grid resolution: The spatial resolution of the reference grid, specifying the distance between neighbouring
points on the reference grid.

3.43 guard bits: Additional most significant bits that have been added to sample data.

3.44 header: Either a part of the codestream that contains only markers and marker segments (main header and
tile-part header) or the signalling part of a packet (packet header).

3.45 HH sub-band: The sub-band obtained by forward horizontal high-pass filtering and vertical high-pass filtering.
This sub-band contributes to reconstruction with inverse vertical high-pass filtering and horizontal high-pass filtering.

3.46 HL sub-band: The sub-band obtained by forward horizontal high-pass filtering and vertical low-pass filtering.
This sub-band contributes to reconstruction with inverse vertical low-pass filtering and horizontal high-pass filtering.

3.47 image: The set of all components.

3.48

i ent of the
reference |grid.

3.49 image area offset: The number of reference grid points down and to the right of the reference grid origin where
the origin|of the image area can be found.

3.50 image data: The components and component samples making up an image. Image data can refer to|either the
source impge data or the reconstructed image data.

3.51 in-bit-stream markers and in-bit-stream marker segments: Markers and marker segments that prqvide error
resilience|functionality.

3.52 informational markers and informational marker segments: Markers and marker segments [that offer
ancillary fnformation.

3.53 instantaneous bit rate: For each frame, this corresponds to the size of the contiguous codestream forfthe frame
in bits multiplied by the frame rate.

3.54 irreversible: A transformation, progression, system, quafnitization, or other process that, due to a systemic or
quantization error, disallows lossless recovery. An irreversible process can only lead to lossy compression.

3.55 JP2 file: The name of a file in the file format described in this Recommendation | International |Standard.
Structurally, a JP2 file is a contiguous sequence of boxes:

3.56 JPEG: Used to refer globally to the encoding and decoding process of the following Recommepdations |
Internatiopal Standards:

—  Rec. ITU-T T.81 | ISO/IEC 10948-1;
—  Rec. ITU-T T.83 | ISO/IEC-10918-2;
—  Rec. ITU-T T.84 | ISO/IEC 10918-3;
—  Rec. ITU-T T.86%ISO/IEC 10918-4.

3.57 UJPEG 2000: Used)to refer globally to the encoding and decoding processes in this Recommg¢ndation |
Internatiopal Standard and\their embodiment in applications.

3.58 ILH sub-band: The sub-band obtained by forward horizontal low-pass filtering and vertical high-pas filtering.
This sub-band centributes to reconstruction with inverse vertical high-pass filtering and horizontal low-pass filtering.

3.59 ILEsub-band: The sub-band obtained by forward horizontal low-pass filtering and vertical low-pass filtering.
This sub-band-contributes-toreconstructionwith-inversevertical low—passfiltering and-horizontal- low—passfilering.

3.60 layer: A collection of compressed image data from coding passes of one or more code-blocks of a
tile-component. Layers have an order for encoding and decoding that must be preserved.

3.61 lossless: A descriptive term for the effect of the overall encoding and decoding processes in which the output
of the decoding process is identical to the input to the encoding process. Distortion-free restoration can be assured. All of
the coding processes or steps used for encoding and decoding are reversible.

3.62 lossy: A descriptive term for the effect of the overall encoding and decoding processes in which the output of
the decoding process is not identical to the input to the encoding process. There is distortion (measured mathematically).
At least one of the coding processes or steps used for encoding and decoding is irreversible.

3.63 magnitude refinement pass: A type of coding pass.
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3.64 main header: A group of markers and marker segments at the beginning of the codestream that describe the
image parameters and coding parameters that can apply to every tile and tile-component.

3.65 marker: A two-byte code in which the first byte is hexadecimal FF (OxFF) and the second byte is a value
between 1 (0x01) and hexadecimal FE (OxFE).

3.66 marker segment: A marker and associated (not empty) set of parameters.
3.67 mod: mod(y,x) = z, where z is such that 0 < z < x, and such that y — z is a multiple of x.
3.68 packet: A part of the bit stream comprising a packet header and the compressed image data from one layer of

one precinct of one resolution level of one tile-component.
3.69 packet header: Portion of the packet that contains the signalling necessary for decoding that packet.

3.70 pointer markers and pointer marker segments: Markers and marker segments that offer information about

1 £ ot e +a-t1a. dact
the locatl jSEmvsmnisgciviaciaviasssmasivavivivivsaviesss

3.71 precinct: A one rectangular region of a transformed tile-component, within each resolution.levell used for
limiting tle size of packets.

3.72 precision: Number of bits allocated to a particular sample, coefficient or other binary numerical reprdsentation.

3.73 progression: The order of a codestream where the decoding of each successive,bit.'Contributes to ja "better"
reconstrugtion of the image. What metrics make the reconstruction "better" is a function of the application. Some
examples|of progression are increasing resolution or improved sample fidelity.

3.74 quantization: A method of reducing the precision of the individual coefficiénts to reduce the number of bits
used to eptropy-code them. This is equivalent to division while compressing(and multiplying while decorppressing.
Quantizatjon can be achieved by an explicit operation with a given quantizationivalue or by dropping (truncatinjg) coding
passes from the codestream.

3.75 raster order: A particular sequential order of data of any typ€ within an array. The raster order starfs with the
top left dqta point and moves to the immediate right data point, and’$06-0n, to the end of the row. After the end ¢f the row
is reached the next data point in the sequence is the left-most data.point immediately below the current row. This order is
continued|to the end of the array.

3.76 reconstructed image: An image that is the outputof a decoder.

3.77 reconstructed sample: A sample reconstructed by the decoder. This always equals the original sample value
in losslesq coding but may differ from the original\sample value in lossy coding.

3.78 reference grid: A regular rectangulag’array of points used as a reference for other rectangular arrays of data.
Examples|include components and tiles.

3.79 reference tile: A rectangular sub-grid of any size associated with the reference grid.

3.80 region of interest (RQAI)» A collections of coefficients that are considered of particular relevance by some user-
defined measure.

3.81 resolution level: Equivalent to the decomposition level with one exception: the LL sub-band is also ja separate
resolution level.

3.82 reversible:” A transformation, progression, system or other process that does not suffer a systemic or
quantization efror'and therefore, allows lossless signal recovery.

3.83 sample: One element in the two-dimensional array that comprises a component.

3.84 segmentation symbol: A special symbol coded with a uniform context at the end of each coding pass for error
resilience.

3.85 selective arithmetic coding bypass: A coding style where some of the code-block passes are not coded by the
arithmetic coder. Instead the bits to be coded are appended directly to the bit stream without coding.

3.86 shift: Multiplication or division of a number by powers of two.

3.87 sign bit: A bit that indicates whether a number is positive (zero value) or negative (one value).

3.88 sign-magnitude notation: A binary representation of an integer where the distance from the origin is expressed

with a positive number and the direction from the origin (positive or negative) is expressed with a separate single sign bit.

3.89 significance propagation pass: A coding pass performed on a single bit-plane of a code-block of coefficients.
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3.90 significance state: State of a coefficient at a particular bit-plane. If a coefficient, in sign-magnitude notation,
has the first magnitude 1 bit at or before the given bit-plane, it is considered "significant". If not, it is considered
"insignificant".

3.91 source image: An image used as input to an encoder.

3.92 sub-band: A group of transform coefficients resulting from the same sequence of low-pass and high-pass
filtering operations, both vertically and horizontally.

3.93 sub-band coefficient: A transform coefficient within a given sub-band.
3.94 sub-band decomposition: A transformation of an image tile-component into sub-bands.
3.95 superbox: A box that itself contains a contiguous sequence of boxes (and only a contiguous sequence of boxes).

As the JP2 file contains only a contiguous sequence of boxes, the JP2 file is itself considered a superbox. When used as
part of a relationship between two boxes, the term "superbox" refers to the box which directly contains the other box.

3.96 tile: A rectangular array of points on the reference grid, registered with and offset from the referenée\grid origin
and defin¢d by a width and height. The tiles which overlap are used to define tile-components.

3.97 tile-component: All the samples of a given component in a tile.
3.98 tile index: The index of the current tile ranging from zero to the number of tiles minus,one.
3.99 tile-part: A portion of the codestream with compressed image data for some, 6p all of a tile. The tile-part

includes 4t least one, and up to all of the packets that make up the coded tile.

3.100 [tile-part header: A group of markers and marker segments at the beginning.of each tile-part in the cpdestream
that descrjbe the tile-part coding parameters.

3.101 [tile-part index: The index of the current tile-part ranging from zero\to the number of tile-parts minys one in a
given tile

3.102  |transformation: A mathematical mapping from one signal space to another.
3.103 transform coefficient: A value that is the result of a transformation.

3.104 [XOR: Exclusive OR logical operator.

4 Abbreviations and symbols

4.1 Abbreviations

For the pyrposes of this Recommendation'| International Standard, the following abbreviations apply:

ID-DWT One-dimensional Discrete Wavelet Transformation

CCITT Interfational Telegraph and Telephone Consultative Committee, now ITU-T

CPRL Component, Position, Resolution and Layer data packet progression order within a til¢

CSF Contrast Sensitivity Function

DCP Digital Cinema Package

FDWT Forward Discrete Wavelet Transformation

FEC Forward Error Correction

ICC International Color Consortium

ICT Irreversible Component Transform

IDWT Inverse Discrete Wavelet Transformation

IEC International Electrotechnical Commission

ISO International Organization for Standardization

ITTF Information Technology Task Force

ITU International Telecommunication Union

ITU-T International Telecommunication Union — Telecommunication Standardization Sector (formerly
the CCITT)
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JPEG Joint Photographic Experts Group — The joint ISO/ITU committee responsible for developing
standards for continuous-tone still picture coding. It also refers to the standards produced by this
committee: Rec. ITU-T T.81 | ISO/IEC 10918-1, Rec. ITU-T T.83 | ISO/IEC 10918-2,
Rec. ITU-T T.84 | ISO/IEC 10918-3 and Rec. ITU-T T.87 | ISO/IEC 14495.

JURA JPEG Utilities Registration Authority
LRCP Layer, Resolution, Component and Position data packet progression order within a tile
LSB Least Significant Bit
MSB Most Significant Bit
MSE Mean Squared Error
PCRL Position, Component, Resolution and Layer data packet progression order within a tile
PCS Profile Connection Space
CT Reversible Component Transform
RLCP Resolution, Layer, Component and Position data packet progression order within a-tilg
ROI Region Of Interest
RPCL Resolution, Position, Component and Layer data packet progression ordér. within a til¢
SNR Signal-to-Noise Ratio
TCP Transmission Control Protocol
UCS Universal Character Set
URI Uniform Resource Identifier
URL Uniform Resource Locator
UTF-8 UCS Transformation Format 8
UUID Universal Unique Identifier
XML Extensible Markup Language
(W3C Worldwide web Consortium

4.2 Symbols

For the pyrposes of this Recommendation | Internatiohal Standard, the following symbols apply:

0x---- Denotes a hexadecimahnumber
nnn A three-digit number preceded by a backslash indicates the value of a single bytq within a
character string,-where the three digits specify the octal value of that byte
s, Exponent of the quantization value for a sub-band defined in QCD and QCC
m Mantissa of the quantization value for a sub-band defined in QCD and QCC
M), Maximum number of bit-planes coded in a given code-block
N Number of decomposition levels as defined in COD and COC
R}, Dynamic range of a component sample as defined in SIZ
CAP Extended Capabilities marker
o€ Codingstylecompoment mmarker
COD Coding style default marker
COM Comment marker
CRG Component registration marker
EPH End of packet header marker
EOC End of codestream marker
PLM Packet length, main header marker
PLT Packet length, tile-part header marker
POC Progression order change marker
PPM Packed packet headers, main header marker
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PPT Packed packet headers, tile-part header marker
PRF Profile marker

PRFnum Profile number as defined in PRF
QCC Quantization component marker
QCD Quantization default marker
RGN Region-of-interest marker

SIZ Image and tile size marker

SOC Start of codestream marker

SOP Start of packet marker

SOD Start of data marker

DUT SLdI L Uf LilC-pdll IlldlkCl

TLM Tile-part lengths marker

General description

s for locating and extracting portions of the compressed image data for the-purpose of retransmissio

mmendation | International Standard describes an image compression system that-allows great flexipility, not
he compression of images, but also for the access into the codestream. The codestream provides a frumber of

h, storage,

display orediting. This access allows storage and retrieval of compressed image data‘appropriate for a given application,

without d
The divis

extract in

precision,|
device or
codestrea

Thus, the

In genera], this Recommendation | International\'Standard deals with three domains: spatial (samples), trz

(coefficie

entities (d

described

5.1

There are

5.2

pcoding.

or regions of the original image. This allows the matching efa codestream to the transmission chann

n can be manipulated without decoding to achieve a more'efficient arrangement for a given applicati

hts) and compressed image data. Some,entities (e.g., tile-component) have meaning in all three doma

separately for each of the domains.

[Purpose

four main elements“described in this Recommendation | International Standard:

—  Encodéri-An embodiment of an encoding process. An encoder takes as input digital source imag|
parameter specifications, and by means of a set of procedures generates as output a codestream.

—  (Deeoder: An embodiment of a decoding process. A decoder takes as input compressed imagg
parameter specifications, and by means of a specified set of procedures generates as outp

on of both the original image data and the compressed image data in a number of ways leads to the| ability to
jage data from the compressed image data to form a reconstricted image with a lower resolutior] or lower

l, storage

display device, regardless of the size, number of comporients and sample precision of the original ithage. The

pn.

sophisticated features of this Recommendation | International Standard allow a single codestream o be used
efficiently by a number of applications. The largest imagg§ource devices can provide a codestream that is easily
for the snjallest image display device, for example.

processed

nsformed
ins. Other

.g., code-block or packet) have.meaning in only one domain (e.g., transformed or compressed inhage data,
respectivdly). The splitting of an entity-ifito other entities in the same domain (e.g., component to tile-comp

onents) is

e data and

data and
ut digital

reconstrnetedimace data
e

TECOStract
(=)

—  Codestream syntax: A representation of the compressed image data that includes all parameter

specifications required by the decoding process.

—  Optional file format: The optional file format is for exchange between application environments. The

codestream can be used by other file formats or stand-alone without this file format.

Codestream

The codestream is a linear stream of bits from the first bit to the last bit. For convenience, it can be divided into (8-bit)
bytes, starting with the first bit of the codestream, with the "earlier" bit in a byte viewed as the most significant bit of the
byte when given e.g., a hexadecimal representation. This byte stream may be divided into groups of consecutive bytes.
The hexadecimal value representation is sometimes implicitly assumed in the text when describing bytes or a group of

bytes that

do not have a "natural" numeric value representation.
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53 Coding principles

The main procedures for this Recommendation | International Standard are shown in Figure 5-1. This shows the decoding
order only. The compressed image data is already conceptually assigned to portions of the image data. Procedures are
presented in the annexes in the order of the decoding process. The coding process is summarized below.

NOTE 1 — Annexes A to I are considered normative to this Recommendation | International Standard. However, certain denoted
subclauses and notes and all examples are informative.

Many images have multiple components. This Recommendation | International Standard has a multiple component
transformation to decorrelate three components. This is the only function in this Recommendation | International Standard
that relates components to each other (see Annex G).

The image components may be divided into tiles. These tile-components are rectangular arrays that relate to the same
portion of each of the components that make up the image. Thus, tiling of the image actually creates tile-components that
can be extracted or decoded independently of each other. This tile independence provides one of the methods for
extractinga region of the image (se¢ Annex B).

The tile-¢omponents are decomposed into different decomposition levels using a wavelet transfermatign. These
decompodition levels contain a number of sub-bands populated with coefficients that describe the horizontal angd vertical
spatial frequency characteristics of the original tile-components. The coefficients provide frequency informatipn about a
local ared), rather than across the entire image like the Fourier transformation. That is, a small namber of cqefficients
completelly describe a single sample. A decomposition level is related to the next decomposition level by a spdtial factor
of two. That is, each successive decomposition level of the sub-bands has approximately half'the horizontal arjd half the
vertical rgsolution of the previous one. Images of lower resolution than the original are’generated by decoding j selected
subset of these sub-bands (see Annex F).

Although|there are as many coefficients as there are samples, the information content tends to be concentratefl in just a
few coeffjcients. Through quantization, the information content of a large mumber of small-magnitude coeffficients is
further reguced (Annex E). Additional processing by the entropy coder reduces the number of bits required to| represent
these quantized coefficients, sometimes significantly compared to the @riginal image (see Annexes C, D and BJ).

—> Codestream syntax {Annex A) —>
v .
&n
<
ROI E
(Annex H) 2
5
£ g
£ h 4 h 4 h 4 v v ‘_5
g 5
< 1 1 ~ =
© Djta ordering Arlthmctlc ‘Coefﬁue.m Quantization Transformation DC, comp- £
> {Annex B) — coding = bit modelling (Annex E) — (Annex F) — transformatiqn —» 2
(Annex C) (Annex D) (Annex G) z
3
=

—> File format (optional, Annex I) —>

T.800(19)_F5-1

Figure 5-1 — Specification block diagram

The individual sub-bands of a tile-component are further divided into code-blocks. These rectangular arrays of
coefficients can be extracted independently. The individual bit-planes of the coefficients in a code-block are coded with
three coding passes. Each of these coding passes collects contextual information about the bit-plane compressed image
data (see Annex D). An arithmetic coder uses this contextual information, and its internal state, to decode a compressed
bit stream (see Annex C.) Different termination mechanisms allow different levels of independent extraction of this coding
pass compressed image data.

The bit stream compressed image data created from these coding passes is grouped in layers. Layers are arbitrary
groupings of coding passes from code-blocks (see Annex B).

NOTE 2 — Although there is great flexibility in layering, the premise is that each successive layer contributes to a higher quality
image.

Sub-band coefficients at each resolution level are partitioned into rectangular areas called precincts (see Annex B).

© ISO/IEC 2019 - All I"ightS reserved Rec. ITU-T T.800 (06/2019) 9
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Packets are a fundamental unit of the compressed codestream. A packet contains compressed image data from one layer
of a precinct of one resolution level of one tile-component. Packets provide another method for extracting a spatial region
independently from the codestream. These packets are interleaved in the codestream using a few different methods
(see Annex B).

A mechanism is provided that allows the compressed image data corresponding to regions of interest in the original tile-
components to be coded and placed earlier in the bit stream (see Annex H).

Several mechanisms are provided to allow the detection and concealment of bit errors that might occur over a noisy
transmission channel (see D.5 and J.7).

The codestream relating to a tile organized in packets, are arranged in one or more tile-parts. A tile-part header, comprised
of a series of markers and marker segments, contains information about the various mechanisms and coding styles that
are needed to locate, extract, decode and reconstruct every tile-component. At the beginning of the entire codestream is a
main header, comprised of markers and marker segments that offers similar information, as well as information about the
original ifTAgE (ST ATIEX A)-

The codegtream is optionally wrapped in a file format that allows applications to interpret the meaning of, [and other
informatipn about the image. The file format may contain data besides the codestream (see Annex I).

In review] procedures that divide the original image are the following:

—  The components of the image are divided into rectangular tiles. The tile-component is the basic pinit of the
original or reconstructed image.

- Performing the wavelet transformation on a tile-component creates dec@mposition levels.

—  These decomposition levels are made up of sub-bands of coefficiénts that describe the [frequency
characteristics of local areas (rather than across the entire tile-component) of the tile-component.

—  The sub-bands of coefficients are quantized and collected into réCtangular arrays of code-blockg.
—  Each bit-plane of the coefficients in a code-block is entrepy-coded in three types of coding passgs.

—  Some of the coefficients can be coded first to provideia region of interest.

At this pojnt the image data is fully converted to compressed image data. The procedures that reassemble these pit stream
units into [the codestream are the following:

—  The compressed image data from the coding.passes are collected in layers.

—  Packets are composed compressed image data from one precinct of a single layer of a single fesolution
level of a single tile-component. Thepackets are the basic unit of the compressed image data.

—  All the packets from a tile are inferleaved in one of several orders and placed in one or more tild-parts.
—  The tile-parts have a descriptive tile-part header and can be interleaved in some orders.

—  The codestream has a(main header at the beginning that describes the original image and tie various
decomposition and coding styles.

—  The optional file;format describes the meaning of the image and its components in the contpxt of the
application.

6 [Encodeér requirements

An encodjng prog¢ess converts source image data to compressed image data. Annexes A, B, C, D, E, F, G and H describe
the encod|ngprocess. All encoding processes are specified informatively.

An encoder is an embodiment of the encoding process. In order to conform to this Recommendation | International
Standard, an encoder shall convert source image data to compressed image data that conform to the codestream syntax
specified in Annex A.

7 Decoder requirements

A decoding process converts compressed image data to reconstructed image data. Annexes A to H describe and specify
the decoding process. All decoding processes are normative.

A decoder is an embodiment of the decoding process. In order to conform to this Recommendation | International
Standard, a decoder shall convert all, or specific parts of, any compressed image data that conform to the codestream
syntax specified in Annex A to a reconstructed image.

10 Rec. ITU-T T.800 (06/2019) © ISO/IEC 2019 - All rights reserved
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There is no normative or required implementation for the encoder or decoder. In some cases, the descriptions use particular
implementation techniques for illustrative purposes only.

7.1 Codestream syntax requirements

Annex A describes the codestream syntax that defines the coded representation of compressed image data for exchange
between application environments. Any compressed image data shall comply with the syntax and code assignments
appropriate for the coding processes defined in this Recommendation | International Standard.

This Recommendation | International Standard does not include a definition of compliance or conformance. The parameter
values of the syntax described in Annex A are not intended to portray the capabilities required to be compliant.

7.2 Optional file format requirements

Annex I describesthe Upﬁuual frie—format buutaiuius metadataabout-the iluagc mradditionto-thecodestreanr) This data
allows, fof example, screen display or printing at a specific resolution. The optional file format, when used, shgll comply
with the fjle format syntax and code assignments appropriate for the coding processes defined in this Récommendation |
Internatiopal Standard.

8 Implementation requirements

There is o normative or required implementation for this Recommendation | International Standard. In some |cases, the
descriptions use particular implementation techniques for illustrative purposes only.

© ISO/IEC 2019 - All rights reserved Rec. ITU-T T.800 (06/2019) 11
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Annex A

Codestream syntax

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining an
output that alternative implementations shall duplicate.

This annex specifies the marker and marker segment syntax and semantics defined by this Recommendation | International
Standard. These markers and marker segments provide codestream information for this Recommendation | International
Standard. Furthermore, this annex provides a marker and marker segment syntax that is designed to be used in future
specifications that include this Recommendation | International Standard as a normative reference.

This Recd
values of

Al

This Recd
of the sot
achieve th
offered in|

Main and

mmendation | International Standard does not include a definition of compliance or conformance. The
he syntax described in this annex are not intended to portray the capabilities required to be complian

Markers, marker segments and headers

mmendation | International Standard uses markers and marker segments to delimit angd signal the char
rce image and codestream. This set of markers and marker segments is the minimal information
e features of this Recommendation | International Standard and is not a fileformat. A minimal filg]
Annex [.

tile-part headers are collections of markers and marker segments. The main header is found at the be

the codes{ream. The tile-part headers are found at the beginning of each tile-part'(see below). Some markers a

segments

Every ma
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ISO/IEC
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segment the first two bytes after the marker shall be an‘unsigned value that denotes the length in bytes of t
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arameters (including the two bytes of this length parameter but not the two bytes of the marker itself
pbment that is not specified in this Recommendation | International Standard appears in a codestream, th

shall use fhe length parameter to discard the marker segment.
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of markers and marker segments are used: delimiting, fixed information, functional, in-bit stream, p
nal. Delimiting markers ‘and marker segments are used to frame the main and tile-part headern
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A.1.2
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marker segment parameters. Table A.1 shows in which specification these markers and marker segments are defined.
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Table A.1 — Marker definitions

2019 (E)

Marker code range Standard definition
0xFFO00, 0xFFO01, OXFFFE, 0XxFFCO to OxFFDF Defined in Rec. ITU-T T.81 | ISO/IEC 10918-1
O0xFFFO to 0xFFF6 Defined in Rec. ITU-T T.84 | ISO/IEC 10918-3
0xFFF7 to OxFFF8 Defined in Rec. ITU-T T.87 | ISO/IEC 14495-1
0xFF4F to 0xFF6F, 0xFF90 to 0xFF93 Defined in this Recommendation | International Standard
0xFF30 to OxFF3F Reserved for definition as markers only (no marker segments)
All other values reserved

A.1.3

Marker and marker segment and codestream rules

—  Marker segments, and therefore the main and tile-part headers, are a multiple of 8 bits (one byte).

NOTE
decod¢]

A.14

Each mar
contained|
codestrea

These deg|
Figure A.
marker ag
marker's {
width of
indicates
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to also be aligned to a multiple of 8 bits.

—  All marker segments in a tile-part header apply only to the tile to which they belong.
markers or marker segments in a tile-part header.
codestream.
necessary.

—  All parameter values in marker segments are big-endian.

marker segments and the fixed information marker segments.

shall be skipped by the decoder.

contain a value of zero for all such bitsiThe decoder shall ignore these bits.

r without ramification.

Key to graphical descriptions (informative)

. The length describesswhich parameters determine the length of the marker segment.

criptions are followed by a figure that shows the order and relationship of the parameters in the marke

run of sev

1 el -
LAl UL UICU pPJal alllvitl s,

8-bit parameter

16-bit marker 32-bit parameter Run of n parameters
l l Dmar /\
» | 7 1 )
MAR | Lmar E Bmar Cmar s Emar Emar
T.800(19)_FA1

Variable-size parameter

Figure A.1 — Example of the marker segment description figures

© ISO/IEC 2019 - All I"lghtS reserved Rec. ITU-T T.800 (06/2019)

¢ padded

—  All marker segments in the main header apply to the whole image unless specifically overridden by
—  Delimiting and fixed information marker and marker segments must appear“at specific poipts in the
—  The marker segments shall correctly describe the image as represented by the codestream. If tfuncation,
alteration or editing of the codestream has been performed, the marker segments shall be updated, if
—  Marker segments can appear in any order in a given header. Exceptions are the delimiting mdrkers and
- All markers with the marker code between 0xFF30 and OxFF3F have no marker segment parameters. They

-  Some marker segments have values assignedto groups of bits within a parameter. In some case$ there are
bits, denoted by "x", that are not assigned.a value for any field within a parameter. The codestfeam shall

— The markers in the range O0xFF30 to OxEE3F may be used by future extensions. They may or may not be slipped by a

ker segment is described inutérms of its function, usage and length. The function describes the infformation
in the marker segmenttThe usage describes the logical location and frequency of this marker segnient in the

segment.

| shows an example of this type of figure. The marker segments are designated by the three-letter cpde of the
sociated with the marker segment. The parameter symbols have capital letter designations followed by the
ymbol in.lower-case letters. A rectangle is used to indicate a parameter's location in the marker seginent. The
he réctangle is proportional to the number of bytes of the parameter. A shaded rectangle (diagonfpl stripes)
hatthe parameter is of varying size. Two parameters with superscripts and a grey area between them|indicate a
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The figure is followed by a list that describes the meaning of each parameter in the marker segment. If parameters are
repeated, the length and nature of the run of parameters is defined. As an example, in Figure A.1, the first rectangle
represents the marker with the symbol MAR. The second rectangle represents the length parameter. Parameters Amar,
Bmar, Cmar and Dmar are 8-, 16-, 32-bit and variable length respectively. The notation Emar' implies that there are n
different parameters, Emar', in a row.

After the list is a table that either describes the allowed parameter values or provides references to other tables that describe
these values. Tables for individual parameters are provided to describe any parameter without a simple numerical value.
In some cases these parameters are described by a bit value in a bit field. In this case, an "x" is used to denote bits that are
not included in the specification of the parameter or sub-parameter in the corresponding row of the table.

Some marker segment parameters are described using the notation "Sxxx" and "SPxxx" (for a marker symbol, XXX). The
Sxxx parameter selects between many possible states of the SPxxx parameter. According to this selection, the SPxxx
parameter or parameter list is modified.

A2 IInformation in the marker segments

Table A.2 lists the markers specified in this Recommendation | International Standard. Table A.3 shows-a lis{ of which

informatign is provided by which marker and marker segments.

Table A.2 — List of markers and marker segments
Symbol Code Main header Tile-part header
Delimiting markers and marker segments
Start of cpdestream SOC OxFF4F required? not allowed
Start of tille-part SOT 0xFF90, not allowed required
Start of dpta SOD 0xFF93 not allowed last maftker
End of cqdestream EOC 0xFFD9 not allowed not allowed
Fixed information marker segments
Image ang tile size S1Z OxFF51 required not allowed
Profile PRF 0xFF56 optional not allowed
Extended| capabilities CAPR 0xFF50 optional not allowed
Functionfal marker segments
Coding s{yle default COD O0xFF52 required optional
Coding style component CcocC 0xFF53 optional optional
Region-of-interest RGN OxFF5SE optional optional
Quantization default QCD OxFF5C required optional
Quantization component QCcC O0xFF5D optional optional
Progressipn order change? POC OxFFSF optional optional
Pointer tharker segments
Tile-part Jengths TLM OxFF55 optional not allowed
Packet lepigth, main header PLM 0xFF57 optional not allowed
Packet lepgth, tile-part.header PLT OxFF58 not allowed optional
Packed pjcket headers, main header® PPM 0xFF60 optional not allowed
Packed phcket(headers, tile-part header® PPT 0xFF61 not allowed optional
In-bit-stfeam, markers and marker segments
Start of packet SOP OxFFIT not allowed not allowed in
tile-part header,
optional in-bit stream
End of packet header EPH 0xFF92 optional inside optional inside PPT
PPM marker marker segment or
segment in-bit stream

Informational marker segments
Component registration CRG 0xFF63 optional not allowed
Comment COM 0xFF64 optional optional

a) '"required" means the marker or marker segment shall be in this header; "optional" means it may be used.
b) The POC marker segment is required if there are progression order changes.

c) Either the PPM or PPT marker segment is required if the packet headers are not distributed in the bit stream. If the PPM
marker segment is used then PPT marker segments shall not be used, and vice versa.
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Table A.3 — Information in the marker segments

Information Marker segment
Capabilities
Image area size or reference grid size (height and width)
Tile size (height and width)

SIZ

Number of components
Component precision
Component mapping to the reference grid (sub-sampling)
Capabilities and Profiles CAP, PRF
Tile index SOT, TLM

Tile-part data length

Progression order
Number of layers COD
Multiple component transformation used

Coding style
Number of decomposition levels
Code-block size

Code-block style oD, €09
Wavelet transformation

Precinct size

Region-of-interest shift RGN
No quantization

Quantization derived QCD, QCC

Quantization expounded

Progression starting point
Progression ending point POC
Progression order default

Error resilience SOP

End of packet header EPH

Packet headers PPM, PPT

Packet lengths PLM, PLT

Component registration CRG

Optional information COM
A3 (Construction of the codestream

Figure A.P shows the construction of the codestream. Figure A.3 shows the main header construction. All of the solid
lines shoy required marker segmients. The following markers and marker segments are required to be in p specific
location: BOC, SIZ, SOT, SODP"and EOC. The dashed lines show optional or possibly not required marker pegments.
Figure A} shows the construction of the first tile-part header in a given tile. Figure A.5 shows the construgtion of a
tile-part hpader other ghan the first in a tile.

© ISO/IEC 2019 - All I"lghtS reserved Rec. ITU-T T.800 (06/2019) 15
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SOC Required as the first marker
Main header
main Main header marker segments
Tile-part header (

Tile-part header <

Figure A.2 — Construction of the codestream

Required at the beginning of each tile-part header

Tile 0, tile-part 0 header marker segments

Required at the end of each tile-part header

Tile-part bit stream. Might include SOP and EPH

bit stream

Required as the last marker in the codestream

T.800(19)_FA.2
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SOC Required as the first marker
SIZ Required as the second marker segment
| .
P — CAP Optional
o
COD Required
f D coC Optional; no more than one COC per component
QCD Required
5
=
o € ---—------ QCC Optional; no more than one QCC per component
.é
- RGN Optional; no more than one RGN per cemponent
R — POC Required in main or tile for any\pfogression order changes
- PPM Optional; either PPM or PPT or codestream packet headers refuired
P TLM Optional
P — PLM Optional
P CRG Optional
- COM Optional
\_ v T.800(19)_FA.3
Figure A.3 — Construction of the main header
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SOT Required as the first marker segment of every tile-part header
G EEEEEL COD Optional; no more than one COD per tile
[ - COoC Optional; no more than one COC per component
/ %_'.’ L e QCD Optional; no more than one QCD per tile
| §
2
oy - QCC Optional; no more than one QCC per component
B
o}
2 - RGN Optional; no more than one RGN per component
[
-=
B
E— - ———-—-———- POC Required if any progression order changes different frommaiy POC
E - -~ PPT Optional; either PPM or PPT or codestream packet headers required
LEEEEEEEEEE PLT Optional
- —-—-—-—- COM Optional
. SOD Required as the last markérsegment of every tile-part header
T.800(19)_FA.4
Figure A.4 — Construction of the first tile<part header of a given tile
SOT Required asvthe first marker segment of every tile-part header
g
‘: e —---——---- POC Reéquired if any progression order changes different from mai POC
/ ¢ --—-—--——---- PPT Optional; either PPM or PPT or codestream packet headers required
\ - - - PLT Optional
I - ——-—----4 CcoM Optional
E
SOD Required as the last marker of every tile-part header
[~ T.800(19)_FA5
Figure A.5 — Construction of a non-first tile-part header
The CODland CQC marker segments and the Qr‘n and QPP marker segments have a hierarchy n'anagP Thisi designed

to allow tile-components to have dissimilar coding and quantization characteristics with a minimum of signalling.

For example, the COD marker segment is required in the main header. If all components in all the tiles are coded the same
way, this is all that is required. If there is one component that is coded differently than the others (for example, the
luminance component of an image composed of luminance and chrominance components), then the COC can denote that
in the main header. If one or more components are coded differently in different tiles, then the COD and COC are used
in a similar manner to denote this in the tile-part headers.

The POC marker segment appearing in the main header is used for all tiles unless a different POC appears in the tile-part
header.

With the exceptions of the SOC, SOT, SOD, EOC and SIZ markers and marker segments, the marker segments can appear
in any order within the respective headers.
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Delimiting markers and marker segments

The delimiting marker and marker segments shall be present in all codestreams conforming to this Recommendation |
International Standard. Each codestream has only one SOC marker, one EOC marker and at least one tile-part. Each
tile-part has one SOT and one SOD marker. The SOC, SOD and EOC are delimiting markers not marker segments, and
have no explicit length information or other parameters.

A4.1

Start of codestream (SOC)

Function: Marks the beginning of a codestream specified in this Recommendation | International Standard.

Usage: Main header. This is the first marker in the codestream. There shall be only one SOC per codestream.

Length: Fixed.

SOC:

Marker code.

A4.2

Function
tile shall
codestrea

Usage: E¥
a codestrd

Length: |

Figure A.

Start of tile-part (SOT)

Table A.4 — Start of codestream parameter values

Parameter Size (bits) Values

SOC 16 OxFF4F

Marks the beginning of a tile-part, the index of its tile and the index of its tile-part. The tile-parts pf a given
hippear in order (see TPsot) in the codestream. However, tile-parts from eth¢r tiles may be interleayed in the

m. Therefore, the tile-parts from a given tile may not appear contiguously in the codestream.

rery tile-part header. It shall be the first marker segment in a tile-partsheader. There shall be at least ohe SOT in

am. There shall be only one SOT per tile-part.

ixed.

b depicts the syntax of the SOT marker segment.

SOT | Lsot Isot

=)
w
Z
=

TPsot

Psot

T.800(15)_FA6

Figure A.6 — Start of tile-part syntax

SOT:  Marker code. Table AxS shows the sizes and values of the symbol and parameters for a start ¢f tile-part
marker segment.

Lsot: Length of niarker segment in bytes (not including the marker).

[sot: Tile index; This number refers to the tiles in raster order starting at the number 0.

Psot: Length; in bytes, from the beginning of the first byte of this SOT marker segment of the tile-part to
theend of the data of that tile-part. Figure A.16 shows this alignment. Only the last tile-part in the
codestream may contain a 0 for Psot. If the Psot is 0, this tile-part is assumed to contain all{data until
the EOC marker.

[TPsot: Tile-part index. There is a specific order required for decoding tile-parts; this index denote$ the order
from O. IT there 1s only one tile-part Tor a tile, then this value 1s zero. 1he tile-parts of this tile shall
appear in the codestream in this order, although not necessarily consecutively.

TNsot: Number of tile-parts of a tile in the codestream. Two values are allowed: the correct number of tile-

parts for that tile and zero. A zero value indicates that the number of tile-parts of this tile is not
specified in this tile-part.

© ISO/IEC 2019 - All I"lghtS reserved Rec. ITU-T T.800 (06/2019) 19
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Table A.S — Start of tile-part parameter values

Parameter Size (bits) Values
SOT 16 0xFF90
Lsot 16 10
Isot 16 0 to 65 534
Psot 32 0,o0r 14to (22 -1)
TPsot 8 0 to 254
TNsot 8 Table A.6

Table A.6 — Number of tile-parts, TNsot, parameter value

Value Number of tile-parts

0 Number of tile-parts of this tile in the codestream is not defined in this header

1 to 255 Number of tile-parts of this tile in the codestream

A43

Function
header.

Usage: EJ
next SOT
be at least

Length: |

A44

Function
NOTE

Usage: SH
NOTE
data w

Length: H

Start of data (SOD)

Indicates the beginning of bit stream data for the current tile-part. The SOD alsq indicates the end of]

ery tile-part header. It shall be the last marker in a tile-part header. Bit-stri€am data between an SO
or EOC (end of image) shall be a multiple of 8 bits — the codestream ig'padded with bits as needed. T
one SOD in a codestream. There shall be one SOD per tile-part.

ixed.
SOD: Marker code

Table A.7 — Start of data\parameter values

Parameter Size (bits) Values

SOD 16 0xFF93

[End of codestream (EOC)

Indicates the end of the codestream.
1 — This marker shares the sameeode as the EOI marker in Rec. ITU-T T.81 | ISO/IEC 10918-1.

all be the last marker in a‘codestream. There shall be one EOC per codestream.

2 — In the case where a-file has been corrupted, it is possible that a decoder could extract much useful compre|
thout encountering an'\EQC marker.

ixed.
EOC: Marker code

Table A.8 — End of codestream parameter values

a tile-part

D and the
here shall

bsed image

A5

Parameter Size (bits) Values

EOC 16 0xFFD9

Fixed information marker segment

The SIZ marker segment describes required information about the image. The SIZ marker segment is required in the main
header immediately after the SOC marker segment. The CAP marker segment may optionally be present in the main
header after the SIZ marker segment and before any other marker segments defined in this Recommendation |
International Standard. The PRF marker segment may optionally be present in the main header after the SIZ marker
segment and the CAP marker segment if present and before any other marker segments defined in this Recommendation
| International Standard.
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Image and tile size (SI1Z)

:2019 (E)

Function: Provides information about the uncompressed image such as the width and height of the reference grid, the
width and height of the tiles, the number of components, component bit depth and the separation of component samples
with respect to the reference grid (see B.2).

Usage: Main header. There shall be one and only one in the main header immediately after the SOC marker segment.
There shall be only one SIZ per codestream.

Length: Variable depending on the number of components.

Figure A.7 depicts the syntax of the SIZ marker segment.

Rec. ITU-T T.800 (06/2019)

SIZ | Lsiz | Rsiz Xsiz Ysiz XOsiz YOsiz XTsiz YTsiz
| ‘ N NS
Csiz | 3| £| 2 Gl |
XTOsiz YTOsiz RS
T.800(19)_FA.7
Figure A.7 — Image and tile size syntax

SIZ: Marker code. Table A.9 shows the size and parameter values ofithe.symbol and parameters|for image
and tile size marker segment.

Lsiz: Length of marker segment in bytes (not including the\imarker). The value of this pagameter is
determined by the following equation:

Lsiz = 38 + 3 . CS5iz (A-1)

Rsiz: Denotes capabilities, defined in Table A.10,'that a decoder needs to properly decode the cqdestream.

X siz: Width of the reference grid.

Y siz: Height of the reference grid.

XOsiz: Horizontal offset from the origin‘of the reference grid to the left side of the image area.

YOsiz: Vertical offset from the origin of the reference grid to the top side of the image area.

XTsiz: Width of one reference tile with respect to the reference grid.

YTsiz: Height of one reference tile with respect to the reference grid.

XTOsiz: Horizontal offset from the origin of the reference grid to the left side of the first tile.

YTOsiz: Vertical offset from the origin of the reference grid to the top side of the first tile.

Csiz: Numberef components in the image.

Ssiz': Precision (depth) in bits and sign of the ith component samples. The precision is the precidion of the
component samples before DC level shifting is performed (i.e., the precision of th¢ original
component samples before any processing is performed). If the component sample values gre signed,
then the range of component sample values is —2Osiz! ANDOXTR)-1 < component sample value
< 2Gsiz#l ANDOXTF)-1 _ | There is one occurrence of this parameter for each component. [The order
corresponds to the component's index, starting with zero.

XRsiz': Horizontal separation of a sample of ith component with respect to the reference grid. There is one
occurrence of this parameter for each component.

YRsiz': Vertical separation of a sample of ith component with respect to the reference grid. There is one
occurrence of this parameter for each component.

© ISO/IEC 2019 - All rights reserved 21
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Table A.9 — Image and tile size parameter values

Parameter Size (bits) Values
S1Z 16 0xFF51
Lsiz 16 411049 190
Rsiz 16 Table A.10
Xsiz 32 1to(2%2-1)
Ysiz 32 1to(2%2-1)

XOsiz 32 0to (232-2)
YOsiz 32 0to (2%2-2)
XTsiz 32 1to(2%2-1)
YTsiz 32 1to(2%2-1)
XTOsiz 32 0to (2%2-2)
YTOsiz 32 0to (2%2-2)

Csiz 16 1to 16 384

Ssiz! 8 Table A.11
XRsiz! 8 1 to 255
YRsiz! 8 1 to 255
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Table A.10 — Capability Rsiz parameter
| it
Value (bits) Capability
MSB LSB
0000 xxxXX XXXX XXXX Codestream conforms to this Recommendation | International Standard
0000 0000 0000 0000 Unrestricted use of capabilities specified in this Recommendation | International Standard
0000 0000 0000 0001 Codestream restricted as described for Profile 0 from Table A.45
0000 0000 0000 0010 Codestream restricted as described for Profile 1 from Table A.45
0000 0000 0000 0011 2k Digital Cinema Profile as specified in Table A.46
0000 0000 0000 0100 4k Digital Cinema Profile as specified in Table A.46
0000 0000 0000 0101 Scalable 2k Digital Cinema Profile as specified in Table A.46
000p 0000 0000 0110 Scalable 4k Digital Cinema Profile as specified in Table A.46
000p 0000 0000 0111 Long-term storage Profile as specified in Table A.46
000p 0001 0000 wwww Broadcast Contribution Single Tile Profile as specified in Table A.48, lower 4 Bjts
identify Mainlevel as described in Table A.49
000p 0010 0000 wwww Broadcast Contribution Multi-tile Profile as specified in Table A48, lower 4 Bitp identify
Mainlevel as described in Table A.49
000p 0011 0000 0110 Broadcast Contribution Multi-tile Reversible Profile as speeified in Table A.48,
Mainlevel 6 as described in Table A.50
000p 0011 0000 0111 Broadcast Contribution Multi-tile Reversible Profile'ds specified in Table A.48,
Mainlevel 7 as described in Table A.50
000p 0100 yyyy wwww 2k IMF Single Tile Lossy Profile as specifiedin Table A.51, lower 8 Bits identify
Sublevel and Mainlevel as specified in Fable A.53 and A.54
000p 0101 yyyy wwww 4k IMF Single Tile Lossy Profile as specified in Table A.51, lower 8 Bits identify
Sublevel and Mainlevel as specified/in Table A.53 and A.54
000p 0110 yyyy wwww 8k IMF Single Tile Lossy Prefile as specified in Table A.51, lower 8 Bits identify
Sublevel and Mainlevel asspecified in Table A.53 and A.54
000p 0111 yyyy wwww 2k IMF Single/Multi File' Reversible Profile as specified in Table A.52, lower 8 [Bits
identify Sublevel and-Mainlevel as specified in Table A.53 and A.54
000p 1000 yyyy wwww 4k IMF Single/Multi Tile Reversible Profile as specified in Table A.52, lower 8 [Bits
identify Sublevel and Mainlevel as specified in Table A.53 and A.54
000p 1001 yyyy wwww 8k IMF*Single/Multi Tile Reversible Profile as specified in Table A.52, lower 8 [Bits
identify-Sublevel and Mainlevel as specified in Table A.53 and A.54
000p 1111 1111 1111 Profile signalled in Profile Marker (Profiles that use only Part 1, other than the pyofiles
above, are signalled with the combination of this Rsiz value and Profile values if Profile
Marker).
All other values reserved for future use by ITU-T | ISO/IEC
NOTE 1 { The two MSBs«f Rsiz are used as follows:
¢ 10 —Rec. ITU-T P:80T | ISO/IEC 15444-2 capabilities
* 01 —|Extended capabilities, as identified by a CAP marker segment, not including capabilities specified in Rec. ITU{T T.801 |
ISO/JEC 154442
* 11 —|Rec¢,FTU-T T.801 | ISO/IEC 15444-2 capabilities extended via a CAP marker segment
NOTEZW he bi 1denti d mthi ple de be Mainle he bi identified 1 SubleVel.
© ISO/IEC 2019 - All rights reserved Rec. ITU-T T.800 (06/2019) 23
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Table A.11 — Component Ssiz parameter

Value (bits)
Component sample precision
MSB LSB
x000 0000 Component sample bit depth = value + 1. From 1 bit deep to 38 bits deep respectively (counting the
tox010 0101 sign bit, if appropriate)?, Ry

0xXXX XXXX

Component sample values are unsigned values

1xXXX XXXX

Component sample values are signed values

All other values reserved

3 The component sample precision is limited by the number of guard bits, quantization, growth of coefficients at each
decomposition level and the number of coding passes that can be signalled. Not all combinations of coding styles will allow the
coding of 38-bit samples.

AS5.2 [Extended Capabilities (CAP)

Function| Signals
codestream.

that extended capabilities were used to create (and are recommended or required to flecode) a

Usage: Optional. If present, it must be included in the main header after the SIZ marker segment and before|any other
marker seigment defined in this Recommendation | International Standard. The second-most=significant bit in|Rsiz may

optionally| be set to
Length: Variable.

Figure A.Jbis depicts the syntax of the extended capabilities marker segment.

1 to indicate the presence of the CAP marker segment.

CAP | Leap Peap | Coup”

Ceap

n
T.800(19)_FA.7bis

Figure A.7bis — Extended capabilities syntax

CAP:  Marker code. Table A.11bis shows the size and values of the symbol and parameters for thg extended
capabilities marker segment.
Lcap: Length of the CAP marker’segment (not including the marker). Length is given by the [following
formula:
Lcap = 6 + 2n bytes
where 7 i$ the number of 1-bits occurring in Pcap.
Pcap:  32-bit.field with bit fields Pcap!' as indicated in Table A.11ter.
Ccap’: 16-bit field whose value and meaning are described in extensions of this Recommg¢ndation |
International Standard. Ccap' exists if and only if the value of Pcap'is 1.
Table A.11bis — Extended capabilities parameter values
Parameter Size (bits) Value
CAP 16 0xFF50
Lcap 16 8-70
Pcap 32 See Table A.11ter
Ccap' 16 Value and meaning described in extensions of this Recommendation |
International Standard.
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Table A.11ter— Definition of the value of Pcap' parameters

:2019 (E)

Values (bits)

i
MSB LSB Value of Pcap

bxxx x

XXX XXXX XXXX XXXX XXXX XXXX XXXX Pcap1:b

Xpxx x

XXX XXXX XXXX XXXX XXXX XXXX XXXX Pcap2:b

XXXX X

XXX XXXX XXXX XXXX XXXX XXXX XXXD Pcap32=b

Guidance on usage (informative): If a codestream is created for a use case in which it is desired to induce Rec. ITU-T
T.800 | ISO/IEC 15444-1 decoders to attempt best-effort decoding of a codestream containing features defined outside
Rec. ITU-T T.800 | ISO/IEC 15444-1, the codestream should be created such that the second-most-significant bit in Rsiz

is set to

in order to avoid sionalling the nresence of the CAP marker seoment According to clause A
(=4 (=4 Ir (=) (=4

, decoder

implemen
marker se|

Because

segment 1
significan|
capabiliti
to encoun|

If a coded
from atte
codestrea

AS3

Function

parameters.

To avoid
codestrea

To avoid {
compared|

Usage: O
marker se

Length: Y

Figure A.

tations are expected to deal with unrecognized marker segments by using the length parameter tQ)d
oment.

f this possibility, decoders that recognize any of the capabilities that would be indicated il a CA
hay choose to parse for the CAP marker segment in all codestreams, regardless of the value of the sec
t bit in Rsiz. The CAP marker segment always appears before any other marker segments that support
s indicated in the CAP marker segment, so that such capabilities will have been inadicated to the dec|
fering any related marker segments.

tream is created for a use case in which it is desired to deter Rec. ITU-TA\T,800 | ISO/IEC 15444-1
mpting to decode a codestream that truly requires capabilities indigated in the CAP marker seg
m would ordinarily be constructed such that the second-most-significantbit in Rsiz is set to 1.

Profile (PRF)

Signals the profile to which the codestream conforms<Profiles provide limits on the codestrea

the possibility of multiple profiles simultaneously being signalled, the profile marker shall not app
m if the Rsiz value is in the range 0000 0000 000070000 to 0000 1111 1111 1110.

possible confusion about the uniqueness of Profile Number (PRFnum) indicated within the PRF marke
with Rsiz values that can be used to indicate a Profile, PRFnum shall not be equal to 0-4095.

ptional. If present the PRF marker segment shall appear after the SIZ marker segment and, if present
bment, but before all other marker ségments defined in this Recommendation | International Standar

Variable

[ ter depicts the syntax of the PRF marker segment.

PRF | Lprf | pprf Pprf

T.800(19)_FA.Tter

Figure A.7ter — Profile syntax

iscard the

P marker
nd-most-
extended
pder prior

decoders
ment, the

m syntax

ear in the

r segment

the CAP
i

PRF: Marker Code. Table A.11quater shows the size and values of the symbol and parameters for the Profile

marker segment.

Lprf: Length of the PRF marker segment (not including the marker). Length is given by the following formula:

Lprf =2 + 2N bytes
where N is the number of 16 bit words used to express PRFnum (Profile Number) minus 4095.

log, (PRFnum — 4095
N = gZ( 16 ) +1

Pprfi: Pprfiare 16 bit integers that are used to communicate PRFnum (Profile Number). The last 16 bit word
PprfN shall not be zero.

© ISO/IEC 2019 - All I"lghtS reserved Rec. ITU-T T.800 (06/2019)
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PRFnum (Profile Number) is a number between 4096 and 4095 + (2'N—1), used to indicate the Profile.

Table A.55 lists the allowed PRFnum values.
PRFnum is computed from the N Pprf 16 bit integers as follows:

N
PRFnum = 4095 + Z Pprft.216G-D

i=1

Table A.11quater — Profile parameter values

Parameter Size (bits) Value
PRF 16 0xFF56
pif 16 4-65534
Pprf' 16 Pprf i are 16 bit integers that are used to communicate PRFnum.

A.6

These mafker segments describe the functions used to code the entire tile, if found in the tileipart header, of
found in the main header.

A.6.1

Function| Describes the coding style, number of decomposition levels and _layefing that is the default
compressing all components of an image (if in the main header) or a tile (if in the-tile-part header). The params
can be ovgrridden for an individual component by a COC marker segment in‘either the main or tile-part headef.

Usage: Mlain and first tile-part header of a given tile. It shall be one and only one in the main header. Addition
may be af most one for each tile. If there are multiple tile-parts in & tile and this marker segment is present,
found onl in the first tile-part (TPsot = 0).

When usdd in the main header, the COD marker segment patameter values are used for all tile-components t
have a cofresponding COC marker segment in either the miain or tile-part header. When used in the tile-par
overrides the main header COD and COCs and is used forall components in that tile without a corresponding C(]
segment ih the tile-part. Thus, the order of precedenceiis the following:

where the|"greater than" sign > means that thé.greater overrides the lesser marker segment.
Length: Variable depending on the value.ef Scod.
Figure A.B depicts the syntax of the‘COD marker segment.

26

[Functional marker segments

Coding style default (COD)

Tile-part COC > Tile-part COD > Main'COC > Main COD

COD | Lcod SGeod SPcod

Scod

T.800(19)_FA.8

Figure A.8 — Coding style default syntax

image, if

used for
ter values

nlly, there
it shall be

hat do not
header it
C marker

COD:  Marker code. Table A.12 shows the size and values of the symbol and parameters for the cq

ding style

detaull marker segment.

Lcod:  Length of marker segment in bytes (not including the marker). The value of this parameter is

determined by the following equation:

12 maximum precincts
Lcod = { P

13 + number decomposition levels user-defined precincts

(A-2)

where maximum_precincts and user-defined precincts are indicated in the Scod parameter and

number_decomposition_levels are indicated in the SPcod parameter.

Scod:  Coding style for all components. Table A.13 shows the value for the Scod parameter.

Rec. ITU-T T.800 (06/2019) © ISO/IEC 2019 - All rights reserved
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SGeod: Parameters for coding style designated in Scod. The parameters are independent of components and
are designated in order from top to bottom, in Table A.14. The coding style parameters within the
SGeod field appear in the sequence shown in Figure A.9.

SPcod: Parameters for coding style designated in Scod. The parameters relate to all components and are
designated in order from top to bottom, in Table A.15. The coding style parameters within the SPcod
field appear in the sequence shown in Figure A.9.
Table A.12 — Coding style default parameter values
Parameter Size (bits) Values
COD 16 0xFF52
Lcod 16 12 to 45
SGeod 32 Table A.14
SPcod variable Table A.15
Table A.13 — Coding style parameter values for the Scod parameteit
Value (bits)
Coding style
MSB LSB
0000 0xx0 Entropy coder, precincts with PPx = 15 and PPy = 15
0000 Oxx1 Entropy coder with precincts defined beloW
0000 0x0x No SOP marker segments used
0000 Oxlx SOP marker segments may be used
0000 00xx No EPH marker used
0000 0lxx EPH marker shall be used
All other values reserved
Decoders|may ignore the first, second, third, fourth and fifth most significant bits of Scod, except where| extended
capabiliti¢s are signalled via a CAP marker segmentiand the second most significant bit of Rsiz is set. Ac¢ordingly,
encoders that conform to this Recommendation | Intetnational Standard shall set these bits to 0.
NOTE|1 — The first, second, third, fourth and fifth most significant bits could have a value other than 0 due to uses gpecified in

other R

ecommendations | International Standards to signal alternate coding methods and configurations.

Table A.14 — Coding style parameter values of the SGcod parameter

Parameters (in order) Size (bits) Values Meaning of SGeod values
Progressipn order 8 Table A.16 Progression order
Number ¢f layers 16 1 to 65 535 Number of layers
Multiple Fomponent 8 Table A.17 Multiple component transformation usage
transfornjation

© ISO/IEC 2019 - All rights reserved
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A C|D|E|F|G|H|T
. SGeod | SPcod R
T.800(19)_FA.9
A Progression order
B Number of layers
C Multiple component transformation
D Number of decomposition levels
E Code-block width
F Code-block height
g Code-block style

Transformation

tthrougir +—Precimctsize
Figure A.9 — Coding style parameter diagram of the SGcod and SPcod parameters
Table A.15 — Coding style parameter values of the SPcod and SPcoc parameters
Parameters (in order) Size (bits) Values Meaning of SPcodvalues
gumber f 8 0to 32 Number of decomposition levels, Mg, Zero implies no transforpnation.
ecomposition levels
Code-blogk width 8 Table A.18 | Code-block width exponent effset value, xcb
Code-blogk height 8 Table A.18 | Code-block height exponéntoftset value, ycb
Code-blogk style 8 Table A.19 | Style of the code-block’eoding passes
Transforthation 8 Table A.20 | Wavelet transformation used
Precinct gize variable Table A.21 | If Scod or Scog =xxxx xxx0, this parameter is not present; otherwise
this indicates precinct width and height. The first parameter (§ bits)
correspondsito the N.LL sub-band. Each successive parameteq
corresponds to each successive resolution level in order.
Table A.16 — Progression orderfor the SGcod, SPcoc and Ppoc parameters
Value (bits)
Progression order
MSB LSB
0000 0000 Layer-resolution level-component-position progression
0000 0001 Resolution level-layer-component-position progression
0000 0010 Resolution level-position-component-layer progression
0000 0011 Position-component-resolution level-layer progression
0000 0100 Component-position-resolution level-layer progression
All other values reserved
Table A.17 — Multiple component transformation for the SGcod parameters
Value (bits)
Multiple component transformation type
MSB LSB
0000 0000 No multiple component transformation specified
0000 0001 Component transformation used on components 0, 1, 2 for coding efficiency (see G.2). Irreversible
component transformation used with the 9-7 irreversible filter. Reversible component transformation
used with the 5-3 reversible filter.
All other values reserved
28 Rec. ITU-T T.800 (06/2019) © ISO/IEC 2019 - All rights reserved
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Table A.18 — Width or height exponent of the code-blocks for the SPcod and SPcoc parameters

Value (bits)
Code-block width and height
MSB LSB

xxxx 0000 Code-block width and height exponent offset value xch = value + 2 or ycb = value + 2. The code-

to block width and height are limited to powers of two with the minimum size being 22 and the maximum
xxxx 1000 being 2'°. Furthermore, the code-block size is restricted so that xcb + ycb < 12.

All other values reserved
Table A.19 — Code-block style for the SPcod and SPcoc parameters
Value (bits)
Code-block style
MSB LSB

00xx xxx0 No selective arithmetic coding bypass

00xx xxx1 Selective arithmetic coding bypass

00xx xx0x No reset of context probabilities on coding pass boundaries

00xx xx1x Reset context probabilities on coding pass boundaries

00xx x0xx No termination on each coding pass

00xx x1xx Termination on each coding pass

00xx 0xxx No vertically causal context

00xx 1xxx Vertically causal context

00x0 xxxx No predictable termination

00x1 xxxx Predictable termination

000x xxxXx No segmentation symbols are used

001x xxxx Segmentation symbols are used

All other values reserved

Decoders|may ignore the first and second most significant bits.of SPcod/SPcoc, except where extended capabilities are
signalled yia a CAP marker segment and the second most significant bit of Rsiz is set. Accordingly, encoders thdt conform
to this Repommendation | International Standard shall set these bits to 0.

NOTER — The first and second most significant bits could haye a value other than 0 due to uses specified in other Recom:

| Internfational Standards to signal alternate coding methods.

Table A.20 — Transformation for the SPcod and SPcoc parameters

Value (bits)
Transformation type
MSB LSB
0000~0000 9-7 irreversible filter
0000,70001 5-3 reversible filter
All other values reserved

Table A.21 — Precinct width and height for the SPcod and SPcoc parameters

mendations

Valae’(bits)
PTECINMTUSIZE
MSB LSB
xxxx 0000 4 LSBs are the precinct width exponent, PPx = value. This value may only equal zero at the
to resolution level corresponding to the N;LL band.
xxxx 1111
0000 xxxx 4 MSBs are the precinct height exponent PPy = value. This value may only equal zero at the
to resolution level corresponding to the N LL band.
1111 xxxx

A.6.2 Coding style component (COC)

Function: Describes the coding style and number of decomposition levels used for compressing a particular component.

© ISO/IEC 2019 - All rights reserved
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Usage: Main and first tile-part header of a given tile. Optional in both the main and tile-part headers. No more than one
per any given component may be present in either the main or tile-part headers. If there are multiple tile-parts in a tile,
and this marker segment is present, it shall be found only in the first tile-part (TPsot = 0).

When used in the main header, it overrides the main COD marker segment for the specific component. When used in the
tile-part header, it overrides the main COD, main COC and tile COD for the specific component. Thus, the order of
precedence is the following:

Tile-part COC > Tile-part COD > Main COC > Main COD
where the "greater than" sign > means that the greater overrides the lesser marker segment.
Length: Variable depending on the value of Scoc.

Figure A.10 depicts the syntax of the COC marker segment.

COC | Lcoc |-

g )
S | SPcoc’
7 7

T.800(15) FA.10

Ccoc

Figure A.10 — Coding style component syntax

COC: Marker code. Table A.22 shows the size and values of the symbol and, parameters for coding style
component marker segment.

L.coc:  Length of marker segment in bytes (not including the marker)! The value of this pafameter is
determined by the following equation:

9 maximum preéincts AND Csiz < 257
10 maximum precincts AND Csiz > 257
Lcoc = .. . . (A-3)
10 + number decomposition_levels user—défined precincts AND Csiz < 257
11+ number_decomposition_levels usef*-defined precincts AND Csiz > 257

where maximum_precincts and user-defined precincts are indicated in the Scoc parameter and
number_decomposition_levels is indieated in the SPcoc parameter.

Ccoc:  The index of the component to which this marker segment relates. The components are indexed 0, 1,
2, etc.

Scoc: Coding style for this compenent. Table A.23 shows the value for each Scoc parameter.

SPcoc: Parameters for coding'style designated in Scoc. The parameters are designated, in order fijom top to
bottom, in Table Asl<The coding style parameters within the SPcoc field appear in the|sequence
shown in Figure A.J1.

ABCDEFi

T.800(15)_FA.11

A Number of decomposition levels
B Code-block width

C Code-block height
D
E
F

Code-block style

) Transformation
1 n & .
through F Precinct size

Figure A.11 — Coding style parameter diagram of the SPcoc parameters
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Table A.22 — Coding style component parameter values

Parameter Size (bits) Values
cocC 16 0xFF53
Lcoc 16 9to43
Ccoc 8 0to 255; if Csiz <257
16 0 to 16 383; Csiz > 257
Scoc 8 Table A.23
SPcoc' variable Table A.15

Table A.23 — Coding style parameter values for the Scoc parameter

A.6.3

Function

Usage: Mhin and first tile-part header of a given tile. If used in the main header,it refers to the ROI scaling val
it in the whole image, valid for all tiles except those with an RGN‘marker segment.

componet

When use]
RGN mar]
componel]
which it a
header.

Length:

Figure A.

Value-(bits)
Coding style
MSB LSB
0000 0000 Entropy coder with maximum precinct values
PPx=PPy=15
0000 0001 Entropy coder with precinct values defined below

All other values reserved

Variable.

Region of interest (RGN)

Signals the presence of an ROI in the codestream.

|2 depicts the syntax of the RGN marker'segment.

=
oo

RGN
|©)

Srgn

Lrgn

£
20

=»

7

T.800(15)_FA.12

d in the tile-part header, the scaling value is valid only for gnéComponent in that tile. There may be af
ker segment for each component in either the main or tilespattheaders. The RGN marker segment for a
it which appears in a tile-part header overrides any matker for that component in the main header, for
ppears. If there are multiple tile-parts in a tile, then this'marker segment shall be found only in the fir

Figure A.12 — Region-of-interest syntax

e for one

most one
particular
the tile in
bt tile-part

RGN:  Marker\code. Table A.24 shows the size and values of the symbol and parameters for the
region-of-interest marker segment.

Lrgn: (Tength of marker segment in bytes (not including the marker).

Crgn: \." The index of the component to which this marker segment relates. The components are indexed 0, 1,
2, etc.

SIgIL. ROI bl_le fUl lllC CUITCTIIU RUI Td‘UlC A."J DIIUWD L}lU Vd‘luC fUl LIIU Slgll paldilcict.

SPrgn: Parameter for ROI style designated in Srgn.

Table A.24 — Region-of-interest parameter values

Parameter Size (bits) Values
RGN 16 0xFF5E
Lrgn 16 5to6
Crgn 8 0 to 255; if Csiz <257
16 0to 16 383; Csiz > 257
Srgn 8 Table A.25
SPrgn 8 Table A.26
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Table A.25 — Region-of-interest parameter values for the Srgn parameter

Values ROI style (Srgn)

0 Implicit ROI (maximum shift)

All other values reserved

Table A.26 — Region-of-interest values from SPrgn parameter (Srgn = 0)

Parameters (in order) Size (bits) Values Meaning of SPrgn value

Implicit ROI shift 8 0 to 255 Binary shifting of ROI coefficients above the background

A.6.4 Quantization default (QCD)

Function| Describes the quantization default used for compressing all components not defined by a QCC matkef segment.
The pararpeter values can be overridden for an individual component by a QCC marker segment in either thle main or

tile-part header.

Usage: Mhain and first tile-part header of a given tile. It shall be one and only one in the main header."At most,|it may be
one for al| tile-part headers of a tile. If there are multiple tile-parts for a tile, and this marker segmient is presept, it shall
be found ¢nly in the first tile-part (TPsot = 0).

When usdd in the tile-part header it overrides the main QCD and the main QCC for the specific component.|Thus, the
order of precedence is the following:

Tile-part QCC > Tile-part QCD > Main QCC > Main QCD
where the|"greater than" sign > means that the greater overrides the lesser matker segment.
Length: Yariable depending on the number of quantized elements.

Figure A.|3 depicts the syntax of the QCD marker segment.

QCD Lqed

Sqcd
Schd‘
SPqed

T.800(15)_FA. 13

Figure A.13'- Quantization default syntax
QCD:  Marker code. Table A.27 shows the size and values of the symbol and parameters for the quantization
default marker segmeht:

LLqed:  Length of marker-segment in bytes (not including the marker). The value of this pafameter is
determined byithé following equation:

4+ 3. number_deomposition levels no_quantiation
Lged\="15 scalar_quatization derived (A-4)
5+ 6-number_deomposition levels scalar_quatization_expounded

where number decomposition_levels is defined in the COD and COC marker segmgnts, and
no quantization, scalar quantization derived, or scalar quantization expounded is signalled in the
Sqcd parameter.

NOTE — The Lqcd can be used to determine how many quantization step sizes are present in the marker segment. However,
there is not necessarily a correspondence with the number of sub-bands present because the sub-bands can be truncated with

no requirement to correct this marker segment.

Sqed:  Quantization style for all components.

SPqed’:  Quantization step size value for the ith sub-band in the defined order (see F.3.1). The number of
parameters is the same as the number of sub-bands in the tile-component with the greatest number of

decomposition levels.
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Table A.27 — Quantization default parameter values

Parameter Size (bits) Values
QCD 16 0xFF5C
Lqcd 16 4to 197
Sqcd 8 Table A.28

SPqcd variable Table A.28

Table A.28 — Quantization default values for the Sqcd and Sqcc parameters

There are as many step sizes signalled as there are sub-bands

Value (bits) SPqcd or
Quantization style SPqcc size quCd or
MSB LSB (bits) SPqcc usage
xxx0 0000 No quantization 8 Tablle A.29
xkx0 0001 Scalar derived (values signalled for NZLL sub-band only). 16 Tabfle A.30
Use Equation (E-5)
xkx0 0010 Scalar expounded (values signalled for each sub-band). 16 Tablle A.30

0Pp0x xxxXxX
to
[ 1x xxXxXX

=

Number of guard bits: 0 to 7

All other values reserved

Table A.29 — Reversible step size values for the SPqed and SPqcc parameters (reversible transform pnly)

Value (bits)
Reyersible step size values
MSB LSB
D000 O0xxx Exponent, g, of the reversible dynamic range signalled for each sub-band (see Equatipn (E-5))
to
1111 Ixxx
All other values reserved:

Tabl¢ A.30 — Quantization values for the SPqcd and SPqcc parameters (irreversible transformation [only)

Value (bits)
Quantization step size values
MSB LSB
xxx¥ x000 0000 0000 Mantissa, ,,, of the quantization step size value (see Equation (E-3))
to
xxx¥ x111 1111 114
0000 0xXx XXRX\RXRXXX Exponent, g, of the quantization step size value (see Equation (E-3))
to
1111 1XXXNRXXX XXXX

A.6.5

Quantization component (QCC)

Function: Describes the quantization used for compressing a particular component.

Usage: Main and first tile-part header of a given tile. Optional in both the main and tile-part headers. No more than one
per any given component may be present in either the main or tile-part headers. If there are multiple tile-parts in a tile,

and this marker segment is present, it shall be found only in the first tile-part (TPsot = 0).

Optional in both the main and tile-part headers. When used in the main header, it overrides the main QCD marker segment
for the specific component. When used in the tile-part header, it overrides the main QCD, main QCC and tile QCD for
the specific component. Thus, the order of precedence is the following:

Tile-part QCC > Tile-part QCD > Main QCC > Main QCD

where the "greater than" sign > means that the greater overrides the lesser marker segment.

Length: Variable depending on the number of quantized elements.
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Figure A.14 depicts the syntax of the QCC marker segment.

QCC | Lqcec

Cqcec
Sqcc

SPqcc
SPqcc

T.800(15)_FA.14

Figure A.14 — Quantization component syntax

QCC: Marker code. Table A.31 shows the size and values of the symbol and parameters for quantization

component marker segment.

Lqce:  Length of marker segment in bytes (not including the marker). The value of this parameter is
determined by the following equation:

S 3~ Tumber_decompositon_Ievels
6
L 6 + 6 - number_decomposition_levels
aee = 6 + 3 - number_decomposition_levels
7

7 + 6 - number_decomposition_levels

NQTE — The Lqcc can be used to determine how many step sizes are present-in.the marker segment. However,
negessarily a correspondence with the number of sub-bands present because the.sub-bands can be truncated with no

to ¢orrect this marker segment.

no_quantization AND USI1Z < 257

scalar_quantization derived AND Csiz < 257
scalar_quantization_expounded AND Csiz < 257

no_quantization AND Csiz > 257

scalar_quantization derived AND Csiz 2257
scalar_quantization_expounded AND'Csiz > 257

Sqcc:  Quantization style for this component.

where number _decomposition_levels is defined in the COD and COC marker.segments, and no_qus
scalar quantization derived, or scalar quantization expounded is signalledvin the Sqcc parameter.

Cqcc:  The index of the component to which this marker Segment relates. The components are ind
2, etc. (either 8 or 16 bits depending on Csiz valiie).

SPqcc’:  Quantization value for each sub-band in the defined order (see F.3.1). The number of par
the same as the number of sub-bands irthe tile-component with the greatest number of deco

levels.
Table A.31 — Quantization component parameter values
Parameter Size (bits) Values
QCC 16 0xFF5D
Lqcé 16 5to 199
Cqec 8 0 to 255; if Csiz <257
16 0 to 16 383; Csiz > 257
Sqcce 8 Table A.28
SPqcc variable Table A.28

A.6.6 Progression order change (POC)

Function| Describes the bounds and progression order for any progression order other than specified in the CC

(A-5)

ntization,

here is not
Equirement

exed 0, 1,

hmeters is
mposition

D marker

segments in the codestream.

Usage: Main and tile-part headers. At most one POC marker segment may appear in any header. However, several
progressions can be described with one POC marker segment. If a POC marker segment is used in the main header, it
overrides the progression order in the main and tile COD marker segments. If a POC is used to describe the progression
of a particular tile, a POC marker segment must appear in the first tile-part header of that tile. Thus, the progression order
of a given tile is determined by the presence of the POC or the values of the COD in the following order of precedence:

Tile-part POC > Main POC > Tile-part COD > Main COD

where the "greater than" sign > means that the greater overrides the lesser marker segment.

In the case where a POC marker segment is used, the progression of every packet in the codestream (or for that tile of the
codestream) shall be defined in one or more POC marker segments. Each progression order is described in only one POC
marker segment and shall be described in any tile-part header before any packets of that progression are found.
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Length: Variable depending on the number of different progressions.
Figure A.15 depicts the syntax of the POC marker segment.
-0 = o = 7_ = o = o a o = 3 -
Q Q Q Q Q ) o) n =) o Q
POC Lpoc 2 | & | LYEpoc' | & | & | & & | & | LYEpoc &l 2] g
o3 54} =
218 2 |0 |~ v |8 = | S| =
T.adac15)jA.1s
Figure A.15 — Progression order change tile syntax

POC: Marker value. Table A.32 shows the size and values of the symbol and parameters for
progression order change marker segment.

Lpoc: I P‘ngfh of marker segment in bytes (not inr‘]n(ﬁng the marker) The value of this parameter is
determined by the following equation:

2 + 7 -number_progression_order change Csiz < 257
Lpoc = . . (A-6)
2 +9 - number progression_order change Csiz > 257
where the number_progression_order changes is encoder defined.

RSpoci: Resolution level index (inclusive) for the start of a progression. There is one valu¢ for each
progression change in this tile or tile-part. The number of progression changes can e derived
from the length of the marker segment.

CSpoc': Component index (inclusive) for the start of a progression. The components are indexgd 0, 1, 2,
etc. (either 8 or 16 bits depending on Csiz value). There is one value for each progressipn change
in this tile or tile-part. The number of progression‘ehanges can be derived from the lerjgth of the
marker segment.

LYEpoc': Layer index (exclusive) for the end of a progression. The layer index always starts gt zero for
every progression. Packets that have alteady been included in the codestream are nof included
again. One value for each progression‘change in this tile or tile-part. The number of pfogression
changes can be derived from thedength of the marker segment.

REpoci: Resolution level index (exclusive) for the end of a progression. There is one valu¢ for each
progression change in this'tile or tile-part. The number of progression changes can e derived
from the length of the marker segment.

CEpoc': Component index.(exclusive) for the end of a progression. The components are indexgd 0, 1, 2,
etc. (either 8 or 16.bits depending on Csiz value). There is one value for each progressipn change
in this tile oritile-part. The number of progression changes can be derived from the lerjgth of the
marker segment.

Ppoc': Progression order. There is one value for each progression change in this tile or tilefpart. The
nuinber of progression changes can be derived from the length of the marker segment

Table A.32 — Progression order change, tile parameter values
Parameter Size (bits) Values
POC 16 OxFFSF
Lpoc 16 9 to 65 535
RSpoc 8 0 to 32
CSpoc 8 0 to 255; if Csiz < 257
16 0 to 16 383; Csiz > 257
LYEpoc' 16 1 to 65 535
REpoc! 8 (RSpoc' + 1) to 33
CEpoc 8 (CSpoci + 1) to 255, 0; if Csiz < 257
16 (CSpoci + 1) to 16 384, 0; Csiz > 257
(0 is interpreted as 256)
Ppoc 8 Table A.16
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A7

Pointer marker segments

Pointer marker segments either provide a length or pointer into the codestream. The TLM marker segment describes the
length of the tile-parts. It has the same length information as the SOT marker segment. The PLM or PLT marker segment
describes the length of the packets.

NOTE - Having the pointer marker segments all occur in the main header allows direct access into the bit-stream data. Having the
pointer information in the tile-part headers removes the burden on the encoder of rewinding to store the information.

The TLM (Ptlm) or the SOT (Psot) parameters point from the beginning of the current tile-part's SOT marker segment to
the end of the bit-stream data in that tile-part. Because tile-parts are required to be a multiple of 8 bits, these values are
always a byte length. Figure A.16 shows the length of a tile-part.

The PLM or PLT marker segments are optional. The PLM marker segment is used in the main header and the PLT marker
segments are used in tile-part headers. The PLM and PLT marker segments describe the lengths of each packet in the

codestream.
I Tile-part length (TLM, SOT(Psot)) ’I
Tile-part marker .
SOT segments SOD Bit stream
T800(19)_FA.16
Figure A.16 — Tile-part lengths
A7.1 Tile-part lengths (TLM)
Function| Describes the length of every tile-part in the codestream. Each tile-part's length is measured from th¢ first byte
of the SOT marker segment to the end of the bit-stream data of that tile-parf: The value of each individual tile-gart length
in the TLIM marker segment is the same as the value in the corresponding Bsot in the SOT marker segment.
Usage: Miain header. It can be used optionally in the main header only/There may be multiple TLM marker sggments in
the main header.
Length: Yariable depending on the number of tile-parts in the\codestream.
Figure A.]l 7 depicts the syntax of the TLM marker segment.
TIM | Lim | TS 1 bt y o/
S| & Ttl}n Ptlm Ttlm~ | Ptlm
’ 7.800(15)7FA.1:1'
Figure A.17 — Tile-part length syntax
TLM: Marker codenTable A.33 shows the size and values of the symbol and parameters for the tile-part
length marker segment.
Ltlm:  Length. of marker segment in bytes (not including the marker). The value of this pagameter is
détermined by the following equation:
4+2-number_of tile parts in_marker segment ST=0AND SP=0
4 +3-number_of tile_parts in_marker segment ST= 1AND SP=0
4+ 4-number_o1 tile_parts in_marker_segment  S1 = 2ZAND SP=0
Ltim = . . (A-7)
4+ 4-number of tile parts in marker segment ST=0AND SP=1
4+5-number_of tile parts in_marker segment ST=1AND SP=1
4+ 6-number_of tile parts in_marker segment ST=2AND SP=1
where number of tile-parts_in marker segment is the number of tile-part lengths that are denoted in
this marker segment; ST and SP are signalled by Stlm parameter.
Ztlm:  Index of this marker segment relative to all other TLM marker segments present in the current header.
The sequence of (Ttlm!, Ptlm') pairs from this marker segment is concatenated, in order of increasing
Ztlm, with the sequences of pairs from other marker segments. The jth entry in the resulting list
contains the tile index and tile-part length pair for the jth tile-part appearing in the codestream.
Stlm: Size of the Ttlm and Ptlm parameters.
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A.7.2
Function

Usage: M|
and can b

Length:

Figure A.

Ttlm':  Tile index of the ith tile-part. There is either none or one value for every tile-part. The number of tile-
parts in each tile can be derived from this marker segment (or the concatenated list of all such markers)
or from a non-zero TNsot parameter, if present.

Ptlm':  Length in bytes, from the beginning of the SOT marker of the ith tile-part to the end of the bit stream
data for that tile-part. There is one value for every tile-part.

Table A.33 — Tile-part length parameter values
Parameter Size (bits) Values
TLM 16 0xFF55
Ltlm 16 6 to 65 535
Ztlm 8 0to 255
Stlm 8 Table A.34
Ttlm' 0if ST=0 tiles in order
8ifST=1 0 to 254
16ifST=2 0 to 65 534
Ptlm' 16 ifSP=0 14 to 65 535
32ifSP=1 14 to (22 1)
Table A.34 — Size parameters for Stlm
Value (bits)
Parameter size
MSB LSB
xx00 xxxx ST = 0; Ttlm parameter is 0 bits, only one tile-part per tile and the tiles
are in index order without omission or ‘epetition
xx01 XxxX ST = 1; Ttlm parameter 8 bits
xx10 XxxX ST = 2; Ttlm parameter 16 bits
X0XX XXXX SP = 0; Ptlm parameter 16 bits
x1xxX XXXX SP = 1; Ptlm parameter, 32 bits
All other values reserved

Packet length, main header (PLM)

A list of packet lengths in the tile-parts\for every tile-part in order.

/ariable depending on the number of tile-parts in the image and the number of packets in each tile-paft.

| 8 depicts the syntax of the PLM marker segment.

pin header. There may be multiple PLEIM marker segments. Both the PLM and PLT marker segments ate optional
e used together or separately.

im~ nm |

PCM | Lplm

Zplm

CE n’]’
2| Iplm~ | Iplm
Z P

' &
L Iplm lp}t‘n

T.800(15)_FA.18

Figure A.18 — Packets length, main header syntax

PEM—Marker code. Table A-35 shows the size and values of e Symbol and parameters tor the packet
length, main header marker segment.

Lplm: Length of marker segment in bytes (not including the marker).

Zplm: Index of this marker segment relative to all other PLM marker segments present in the current header.

The sequence of (Nplm', Iplm') parameters from this marker segment is concatenated, in the order of
increasing Zplm, with the sequences of parameters from other marker segments. The kth entry in the
resulting list contains the number of bytes and packet header pair for the kth tile-part appearing in the
codestream.

Every marker segment in this series shall end with a completed packet header length. However, the
series of Iplm parameters described by the Nplm does not have to be complete in a given marker
segment. Therefore, it is possible that the next PLM marker segment will not have an Nplm parameter
after Zplm, but the continuation of the Iplm series from the last PLM marker segment.
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Number of bytes of Iplm information for the ith tile-part in the order found in the codestream. There
is one value for each tile-part. If a codestream contains one or more tile-parts exceeding the limitations
of PLM markers, these markers shall not be used.

NOTE — This value is expressed with an 8-bit number limiting the number of Iplm bytes to 255 and the number of packets in
a tile-part to 255 or less. This is not a restriction on the number of packets that can be in a tile-part, it is merely a limit on this
marker segment's ability to describe the packets in a tile-part.

Nplm':

Length of the jth packet in the ith tile-part. If packet headers are stored with the packet, this length
includes the packet header. If packet headers are stored in the PPM or PPT, this length does not
include the packet header length. There is one range of values for each tile-part. There is one value
for each packet in the tile.

Iplmi:

Table A.35 — Packets length, main header parameter values

Parameter Stze(bits) Vatues
PLM 16 0xFF57
Lplm 16 4 to 65 535
Zplm 8 0 to 255
Nplm! 8 0 to 255
Iplm? variable Table A36

Table A.36 — Iplm, Iplt list of packet lengths

Parameters

(in order) Size (bits) Values Meaning of Iplm or Iplt values
Pagcket length 8 bits repeated Oxxx xxxx | Last7 bits of packet length, terminate number®
as necessary 1xxx xxxx | Continue reading®
x000 0000 | 7 bits ofpacket length
to
x111 1111

3 These are the last 7 bits that make up the packet length.

b These are not the last 7 bits that make up the packet léngth. Instead, these 7 bits are a portion of those that make yip the
placket length. The packet length has been broken ifito 7-bit segments which are sent in order from the most significant
spgment to the least significant segment. Furthermore, the bits in the most significant segment are right justified fo the

byte boundary. For example, a packet length.0f"\[28 is signalled as 1000 0001 0000 0000, while a length of 512 i

sjgnalled as 1000 0100 0000 0000.

A.7.3 Packet length, tile-part header (PLT)
Function| A list of packet lengths in the tile-part.

Usage: Tille-part headers. Thereimay be multiple PLT marker segments per tile. Both the PLM and PLT marker segments
are optional and can be used-together or separately. It shall appear in any tile-part header before the packets whojse lengths
are descriped herein.

Length: Yariable depending on the number of packets in each tile-part.

Figure A.]9 depicets the syntax of the PLT marker segment.

PLT | Lplt | &| 1plf Iplt.

T.800(15)_FA.19

Figure A.19 — Packet length, tile-part header syntax

PLT: Marker code. Table A.37 shows the size and values of the symbol and parameters for the packet
length, tile-part header marker segment.

Lplt: Length of marker segment in bytes (not including the marker).

Zplt: Index of this marker segment relative to all other PLT marker segments present in the current header.

The sequence of (Iplt’) parameters from this marker segment is concatenated, in the order of increasing
Zplt, with the sequences of parameters from other marker segments. Every marker segment in this
series shall end with a completed packet header length.
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Function
NOTE

Usage: Main header. It may be used in the main header for all tile-parts unless a PPT marker segment is uj

tile-part h|

The pack¢t headers shall be in only one of three places within the codestream. If the PPM matker segment is p

the packe

If there is

in the codestream as defined in B.10. The packet headers shall not be in both a RPT'marker segment and the ¢

for the sa
correspon|
multiple H

Length:

Figure A.

ISO/IEC 15444-1:2019 (E)

Iplm':  Length of the ith packet. If packet headers are stored with the packet, this length includes the packet header.
If packet headers are stored in the PPM or PPT, this length does not include the packet header lengths.

Table A.37 — Packet length, tile-part headers parameter values

Parameter Size (bits) Values
PLT 16 O0xFF58
Lplt 16 4 to 65 535
Zplt 8 0 to 255
Iplti variable Table A.36

Packed packet headers, main header (PPM)

A collection of the packet headers from all tiles.

— This is useful so multiple reads are not required to decode headers.

cader.

no PPM marker segment then the packet headers can be distributed either in PPT marker segments or ¢

e tile. If the packet headers are in PPT marker segments, they shall appear in a tile-part header
ding packet data appears (i.e., in the same tile-part header or orie with a lower TPsot value). The
PT marker segments in a tile-part header.

Variable depending on the number of packets in each tilespart’and the size of the packet headers.

D0 depicts the syntax of the PPM marker segment.

sed in the

resent, all

headers shall be found in the main header. In this case, the PPT marker segment and packets distribyted in the
bit stream| of the tile-parts are disallowed.

istributed
destream
before the
e may be

&

PPM | Lppm Ippm”"

Zppm

i Ippm’ n Ippm” Ippm
N ppmI p‘f“f Ny Nppm PP ' pp

T.800(15)_FA.2

Figure A.20<{Packed packet headers, main header syntax

PPM:  Marker code. Table;A.38 shows the size and values of the symbol and parameters for t
packet headers, main header marker segment.

Lppm: Length of marker segment in bytes, not including the marker.

Zppm: Index of this marker segment relative to all other PPM marker segments present in the ma
The. sequence of (Nppm!, [ppm') parameters from this marker segment is concatenated, i
inCteasing Zppm, with the sequences of parameters from other marker segments. The kth e
resulting list contains the number of bytes and packet headers for the kth tile-part appeat
codestream.

p

he packed

in header.
h order of
htry in the
ing in the

e series of

Every marker segment in this series shall end with a completed packet header. However, th|

L 4+ | Joad lo NL | + 1o I lat - 1

1}}}}111 Pulalll\ul\ulb ULVOSUVITULVU U_y tIv thJtJlll UULVS 11Vt 11ave U v bUlllPlUlU s ayen slvvu ITIAINVT Segment.
Therefore, it is possible that the next PPM marker segment will not have an Nppm parameter after
Zppm, but the continuation of the Ippm series from the last PPM marker segment.

Nppm': Number of bytes of Ippm information for the ith tile-part in the order found in the codestream. One
value for each tile-part (not tile).
Ippmi: Packet header for every packet in order in the tile-part. The contents are exactly the packet header

which would have been distributed in the bit stream as described in B.10.

© ISO/IEC 2019 - All I"lghtS reserved Rec. ITU-T T.800 (06/2019) 39


https://iecnorm.com/api/?name=cd5a816c278deb2177f24c99c1beea76

ISO/IEC 15444-1:2019 (E)

Table A.38 — Packed packet headers, main header parameter values

Parameter Size (bits) Values
PPM 16 0xFF60
Lppm 16 7 to 65 535
Zppm 8 0 to 255
Nppm! 32 0to (2% 1)
Ippm variable packet headers

A.7.5

Packed packet headers, tile-part header (PPT)

Function: A collection of the packet headers from one tile or tile-part.

Usage: Ti

The packd
the packe
bit stream

If there is
in the cod
for the sa
correspon|
multiple H

Length:

Figure A.

headers shall be found in the main header. In this case, the PPT marker segment and packets-distribt
of the tile-parts are disallowed.

ho PPM marker segment, then the packet headers can be distributed either in PPT marker 'segments or g
estream as defined in B.10. The packet headers shall not be in both a PPT marker ségment and the ¢
ne tile. If the packet headers are in PPT marker segments, they shall appear in ‘a’tile-part header
ding packet data appears (i.e., in the same tile-part header or one with a lower TPsot value). The
PT marker segments in a tile-part header.

Variable depending on the number of packets in each tile-part and the size of the packet headers.

D1 depicts the syntax of the PPT marker segment.

PPT | Lppt | & | fppt7 Ippt'

T.800(15)_FA.21

Figure A.21 — Packed packed headers, tile-part header syntax

PPT: Marker code. Table A.39 shows the size and values of the symbol and parameters for t
packet headers, tile-part header marker segment.

Lppt:  Length of marker segment.in bytes, not including the marker.

Zppt:  Index of this marker s€gment relative to all other PPT marker segments present in the currg
The sequence of{(Ippt) parameters from this marker segment is concatenated, in thg
increasing Zppt, .with the sequences of parameters from other marker segments. Evel
segment in this series shall end with a completed packet header.

Ippt:  Packet header for every packet in order in the tile-part. The component index, layer and

level ‘are determined from the method of progression or POC marker segments. The co|
exactly the packet header which would have been distributed in the bit stream as described|

Table A.39 — Packet header, tile-part headers parameter values

istributed
destream
before the
e may be

he packed

nt header.
order of
'y marker

resolution
htents are
in B.10.

A.8

Parameter Size-(bits) Values
PPT 16 O0xFF61
Lppt 16 4 to 65 535
Zppt 8 0 to 255
Ippt variable packet headers

In-bit-stream marker and marker segments

These marker and marker segments are used for error resilience. They can be found in the bit stream. (The EPH marker
can also be used in the PPM and PPT marker segments.)

A8.1

Start of packet (SOP)

Function: Marks the beginning of a packet within a codestream.

40
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Usage: Optional. It may be used in the bit stream in front of every packet. It shall not be used unless indicated that it is
allowed in the proper COD marker segment (see A.6.1). If PPM or PPT marker segments are used, then the SOP marker
segment may appear immediately before the packet data in the bit stream.

If SOP marker segments are allowed (by signalling in the COD marker segment, see A.6.1), each packet in any given tile-
part may or may not be appended with an SOP marker segment. However, whether or not the SOP marker segment is
used, the count in the Nsop is incremented for each packet. If the packet headers are moved to a PPM or to PPT marker
segments (see A.7.4 and A.7.5), then the SOP marker segments may appear immediately before the packet body in the
tile-part compressed image data portion.

Length: Fixed.

Figure A.22 depicts the syntax of the SOP marker segment.

A.8.2

Function
in the PPN
in-bit stre

Usage: SH
a packet H

If EPH m
part shall
(see A.7.4

Length: H

SOTP tsop—TINsop

T.800(15)_FA.22

Figure A.22 — Start of packet syntax

SOP: Marker code. Table A.40 shows the size and values of the symbol and paramieters for start
marker segment.

Lsop: Length of marker segment in bytes, not including the marker.

Nsop:  Packet sequence number. The first packet in a coded tile ishassigned the value zero.

successive packet in this coded tile this number is incremented) by one. When the maximu
is reached, the number rolls over to zero.

Table A.40 — Start of packet parameter values

Parameter Size (bits) Values
SOP 16 0xFF91
Lsop 16 4
Nsop 16 0 to 65 535

[End of packet header (EPH)

Indicates the end of the packet header for a given packet. This delimits the packet header in the bit
I or PPT marker segments. Thisimarker does not denote the beginning of packet data. If packet head
hm (i.e., PPM or PPT marker segments are used), this marker shall not be used in the bit stream.

all be used if and only_ifindicated in the proper COD marker segment (see A.6.1). It appears immedi
eader.

hrkers are required (by signalling in the COD marker segment, see A.6.1), each packet header in any
be postpended with an EPH marker segment. If the packet headers are moved to a PPM or PPT marker
and A.7.5);then the EPH markers shall appear after the packet headers in the PPM or PPT marker s

ixeds

of packet

For every
n number

stream or
brs are not

ately after

biven tile-
segments
Egments.

EPH: Marker code

A9

Table A.41 — End of packet header parameter values

Parameter Values

EPH

Size (bits)
16

0xFF92

Informational marker segments

These marker segments are strictly information and are not necessary for a decoder. However, these marker segments
might assist a parser or decoder. More information about the source and characteristics of the image can be obtained by

using a fil

© ISO/IEC 2019 - All rights reserved
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A9.1 Component registration (CRG)

Function: Allows specific registration of components with respect to each other. For coding purposes the samples of
components are considered to be located at reference grid points that are integer multiples of XRsiz and YRsiz (see A.5.1).
However, this may be inappropriate for rendering the image. The CRG marker segment describes the "centre of mass" of
each component's samples with respect to the separation. This marker segment has no effect on decoding the codestream.

NOTE - This component registration offset is with respect to the image offset (XOsiz and YOsiz) and the component separation
(XRsiz' and YRsiz)). For example, the horizontal reference grid point for the left-most samples of component c¢ is
XRsiz¢[ XOsiz | XRsiz¢ | (likewise for the vertical direction). The horizontal offset denoted in this marker segment is in addition to
this offset.

Usage: Main header only. Only one CRG may be used in the main header and is applicable for all tiles.

Length: Variable depending on the number of components.

Figure A

3 dppirtq the syntax of the CRG marker segment

A9.2
Function

Usage: M
This marK

CRG

Lerg

Xcrgi YcrgL

Xcrg[l

Y crg11

every component.

T.800(15)_FA.23

Figure A.23 — Component registration syntax

CRG:  Marker code. Table A.42 shows the size and values of the symbol and parameters for the ¢
registration marker segment.
Lerg:  Length of marker segment in bytes (not including the marker).

Xerg:  Value of the horizontal offset, in units of 1/65536 of‘thé horizontal separation XRsiz',
component. Thus, values range from 0/65536 (sample occupies its reference grid
XRsiz¢(65535/65536) (just before the next sample's'reference grid point). This value is re

Yerg:  Value of the vertical offset, in units of 1/65536 of the vertical separation YRsiz!, for the ith ¢
Thus, values range from 0/65536 (sample occupies its reference grid point) to YRsiz¢(655
(just before the next sample's reference grid point). This value is repeated for every compo

Table A.42 — Component registration parameter values

Allows unstructured data in the main and tile-part header.

Parameter Size (bits) Values
CRG 16 0xFF63
Lerg 16 6 to 65 534
Xorg! 16 0to 65 535
Ycrg' 16 0 to 65 535
Comment (COM)

ain,and tile-part headers. Repeatable as many times as desired in either or both the main or tile-pat
er.segment has no effect on decoding the codestream.

bmponent

or the ith
point) to
beated for

mponent.
B5/65536)
hent.

t headers.

Length: Variable depending on the length of the message.

Figure A.24 depicts the syntax of the COM marker segment.

42

COM

Lcom | Rcom

Ccom
Ccom

T.800(15)_FA .24

Figure A.24 — Comment syntax

COM: Marker code. Table A.43 shows the size and values of the symbol and parameters for the comment

marker segment.

Lecom: Length of marker segment in bytes (not including the marker).

Rec. ITU-T T.800 (06/2019)
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Rcom: Registration value of the marker segment.

Ccom': Byte of unstructured data.
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Table A.43 — Comment parameter values

Parameter Size (bits) Values
COM 16 0xFF64
Lcom 16 5to 65 535
Rcom 16 Table A.44
Ccom! 8 0 to 255
FableA44—Registrationvaluesfor-the Reomrparameter

Values Registration values

General use (binary values)

General use (ISO/IEC 8859-15 (Latin) values)

All other values reserved

A.10 [Codestream restrictions conforming to this Recommendation | International Standard

In order t¢ promote the wide inter-operability of JPEG 2000 codestream, codestream restrictions are introduced| The case
of "No Rstrictions" meaning conforming to this Recommendation | International Standard can be called |Profile-2.
Profile-0 and Profile-1 are defined as follows.
Maximunp interchange will be achieved for codestreams corresponding to Profile-0, and medium interchange for
codestreams corresponding to Profile-1.
Table A.45 — Codestream restrictions
Restrictions Profile-0 Profile-1
SIZ marker segment
Profile indication Rsiz=1 Rsiz=2
Image sige Xsiz, Ysiz < 23! Xsiz, Ysiz < 23!
Tiles Tiles of a dingension 128 x 128: XTsiz / min(XRsiz!, YRsiz) > 1024
YTsiz =XTsiz =128 XTsiz = YTsiz
or one tile for the whole image: or one tile for the whole image:
YTsiz+t+ YTOsiz > Ysiz YTsiz + YTOsiz > Ysiz
XTDsiz + XTOsiz > Xsiz XTsiz + XTOsiz > Xsiz
Image anf tile origin XOsiz = YOsiz = XTOsiz = YTOsiz=0 XOsiz, YOsiz, XTOsiz, YTOsiz < 23!
RGN marker segment SPrgn <37 SPrgn <37
Sub-sampling XRsizi=1,2,0r4 No restriction
YRsiz'=1,2,0r4
Code-bldcks
Code-blotkstze xeh=ycb="5orxcb=ych="6 xeh—<6,ycb=<6
Code-block style SPcod, SPcoc = 00sp vtra No restriction
wherea=r=v=0,and t,p,s=0or 1
NOTE 1 -
t=1 for termination on each coding pass
p = 1 for predictive termination
s = 1 for segmentation symbols
Marker locations
Packed headers (PPM, PPT) | Disallowed No restriction
COD, COC, QCD, QCC Main header only No restriction
Subset requirements
LL resolution If one tile is used for whole image, For each tile in the image,
(Xsiz — XOsiz) / D(I) < 128 and Lx1/D(i)J - Ltx0/D(i)] < 128 and
© ISO/IEC 2019 - All rights reserved Rec. ITU-T T.800 (06/2019) 43
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Table A.45 — Codestream restrictions

Restrictions Profile-0 Profile-1
(Ysiz — YOsiz) / D(I) < 128 where [ty1/D(i)] - [ty0/D(i)] < 128 where
D(I) — 2number_decomposition_levels in SPcod or D(I) — 2number_decumpusition_levels in SPcod or
SPcoc, for I = component 0 to 3 SPcoc, for I = component 0 to 3.
NOTE 2 - tx0, tx1, ty0 and tyl are as defined
by Equations (B-7) to (B-10).
Parsability If the POC marker is present, the POC marker No restriction
shall have RSPOCO = 0 and CSPOCO0 = 0.
NOTE 3 — Some compliant decoders might
decode only packets associated with the first
progression.
Tile-partd Tile-parts with TPsot = 0 of every tile before No restriction

any tile-parts with TPsot > 0, Tile-parts Isot =0
to Isot = number of tiles — 1, in sequential
order for all tile-parts with TPsot =0

Precinct gize

"Precinct size" defined by SPcod or SPcoc
(Tables A.15 and A.21) must be large enough
so there is only one precinct in all resolution
levels with dimension less than or equal to 128
by 128.

NOTE 4 — Precinct size PPx > 7 and PPy > 7 is
sufficient to guarantee only one precinct per
sub-band when XOsiz = 0 and YOsiz = 0.

No restriction

A.10.1 |Codestream restrictions for digital cinema applications including archiving

In additioh to the profiles defined in Table A.10, five profiles are definéd for digital cinema and archiving applications as
detailed ih Table A.46. The first two, in the form of Profile-3 andyProfile-4, are primarily intended for distribution. In
addition, fhe three profiles listed under profile indication numbers 5 to 7 are intended for archiving and groduction
purposes.| The two extended scalable profiles (Profile-5 and-Profile-6) are intended to be used for easily hccessible
archives. [The long-term storage profile (Profile-7) is intended for original camera capture or post-production Workflows.
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Table A.46 — Codestream restrictions for digital cinema applications

ISO/IEC 15444-1:2019 (E)

2K diJital cinema profile

4K digital cinema profile

Scalable 2K digital cinema
profile

Scalable 4K digital ¢inema

profile

Long-term storage profile

SIZ marker segment

Profile indication

Rsiz=3

Rsiz=4

Rsiz=5

Rsiz=6

Rsiz=7

Image size

Xsiz <=|2048, Ysiz <= 1080

Xsiz <= 4096, Ysiz <= 2160

Xsiz <=2048, Ysiz <= 1080

Xsi2="4096, Ysiz <92160

Xsiz <= 16384, Ysiz <= 8640

Tiles

one tile for the whole image:
YTsiz +|YTOsiz >= Ysiz
XTsiz +{XTOsiz >= Xsiz

one tile for the whole image:
YTsiz + YTOsiz >= Ysiz
XTsiz + XTOsiz >= Xsiz

one tile for the whole image:
YTsiz + YTOsiz >= Ysiz
XTsiz + XTOsiz >= Xsiz

ene-tile for the whole image:
YTsiz + YTOsiz >= Y$iz
XTsiz + XTOsiz >= X$iz

One tile for the whole image
or minimum tile size:

YTsiz + YTOsiz >= 512
XTsiz + XTOsiz >= 1024

Image and tile origin

XO0siz 9 YOsiz = XTOsiz =
YTOsizf= 0

XOsiz = YOsiz = XTOsiz =
YTOsiz=0

XOsiz = YOsiz = XTOsiz =
YTOsiz=0

XOsiz = YOsiz = XT(siz =
YTOsiz=0

XOsiz = YOsiz = XTOsiz =
YTOsiz=0

Sub-sampling

XRsiz' & YRsizi = 1

XRsiz = YRsizi = 1

XRsiz' = YRsiz = 1

XRsiz'= YRsiz' = 1

No restriction

Number of components Csiz =3 Csiz=3 Csiz=3 Csiz=3 Csiz<=8
Bitdepth Ssizi = 11 (i.e., 12 bit Ssizi = 11 (i.e., 12 bit Ssizi =41 (i.e., 12 bit Ssizi= 11 (i.e., 12 bit No restriction
unsignedl) unsigned) unsigned) unsigned)

RGN marker segment

Disallowed, i.e., no region of
interest

Disallowed, i.e., no region of
interest

Disallowed, i.e., no region of
interest

Disallowed, i.e., no region of
interest

Disallowed, i.e., no region of
interest

COD/COC marker segments Main hepder only Main header only Main header only Main header only Main header only

Coding style Scod, S¢oc = 0000 Oesp, Scod, Scoc = 0000 Oesp; Scod, Scoc = 0000 Oesp, Scod, Scoc = 0000 Oesp, where | Scod, Scoc = 0000 Oesp, where
where pfl, e=0 or e=1, s=0 where p=1, e=0 or e=l, s=0 where e=s=0, and p=1 e=s=0, and p=1 e=s=1, and p=0 or 1
or s=1 or s=1 NOTE — NOTE — NOTE —

NOTE - NOTE - e=0: EPH marker shall not e=0: EPH marker shalllnot be e: EPH marker shall be used
p=1: prqcincts defined in p=1: preeinets defined in be used used s: SOP marker may be used
SPcodlifSPcocl SPcodli/SPcocl s=0: SOP marker shall not be | s=0: SOP marker shall[not be p: precincts with PPx=15 and
used used PPy=15 or defined in
p=1: precincts defined in p=1: precincts defined fin SPcodl/SPcocl’
SPcodl'/SPcocl! SPcodl’/SPcocl!
Progression order CPRL CPRL CPRL CPRL CPRL
Number of layers L=1 L=1 L=2 L=2 L<=5
Multiple component transform | All component transforms All component transforms All component transforms All component transfofms in All component transforms
defined |n this defined in this defined in this this Recommendation defined in this
Recomnpendation | Recommendation | Recommendation | International Standard jnay be | Recommendation |

Internatjonal Standard may

International Standard may

L d
LA nivie oy

International Standard may

L d
LA nivie oy

used.

be used.

International Standard may be
used.

45 ©ISO/IEC 2019 - All rights reserved

Rec. ITU-T T.800 (06/2019)


https://iecnorm.com/api/?name=cd5a816c278deb2177f24c99c1beea76

ISO/IEC 15444-1:2019 (E)

Table A.46 — Codestream restrictions for digital cinema applications

2K diJital cinema profile 4K digital cinema profile Scalable 2K digital cinema Scalable 4K digita] tinema Long-term storage profile
profile profile
Number of decomposition NL <=3 1<=NL <=6 NL<=5 I<=NL <=6 No restriction, with respect to:

levels

Every c¢mponent of every
image of a distribution shall
have thg same number of
wavelet fransform levels.

The nunpber of deployed
decompgsition levels shall
be set adcordingly in all
COD and COC markers.

Every component of every
image of a distribution shall
have the same number of
wavelet transform levels.
The number of deployed
decomposition levels shall
be set accordingly in all
COD and COC markers.

Every component of every
image of a codestream shall
have the same number of
wavelet transform levels.
The number of deployed
decomposition levels shall
be set accordingly in all
COD and COC markers,

Every compoenent of ey
image, ofia codestream
have, thé same number
wavelet transform leve

The number of deploysg

decomposition levels shall be

set accordingly in all
COC markers.

ery (Xsiz-XOsiz)/D(I) <= 64

shall (Ysiz-YOsiz)/D(I) <= 64
of and D(I)=pow(2,NL) for each
Z' component |

Every component of every
image of a codestream shall
have the same number of
wavelet transform levels.

The number of deployed
decomposition levels shall be
set accordingly in all COD and
COC markers.

OD and

Code-block size

xcb=ych=5

The corgesponding values
shall be et accordingly in all
deployegl COD and COC
markers

xcb=ycb=5

The corresponding values
shall be set accordingly in all
deployed COD and COC
markers.

xcb =yeb= 5

The corresponding values
shall'be set accordingly in all
deployed COD and COC
markers.

xcb=ycb =5

The corresponding val
be set accordingly in a
deployed COD and C(
markers.

xcb <=6, ycb <=6

hes shall | The corresponding values shall
1 be set accordingly in all

C deployed COD and COC
markers. Note that codeblock
sizes might differ between the
existing components.

Code-block style

SPcod, $Pcoc = 0000 0000

SPcod, SPcoc = 000070000

SPcod, SPcoc = 0000 0000

SPcod, SPcoc = 0000

000 SPcod, SPcoc = 00sp vtra
wherer=v=0,and a, t,p,s =
Oorl

NOTE —

a =1 for selective arithmetic
coding bypass

t=1 for termination on each
coding pass

p =1 for predictive
termination

s = 1 for segmentation symbols
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Table A.46 — Codestream restrictions for digital cinema applications

ISO/IEC 15444-1:2019 (E)

2K di%ital cinema profile

4K digital cinema profile

Scalable 2K digital cinema
profile

Scalable 4K digital ¢inema
profile

Long-term storage profile

Transformation

The co
shall be
COD an|

5-3 reveysible ﬁltier or 9-7
irreversiple filter

esponding filter
ket accordingly in all
d COC markers.

5-3 reversible filter or 9-7
irreversible filter!
The corresponding filter

shall be set accordingly in all
COD and COC markers.

9-7 irreversible filter

The corresponding filter
shall be set accordingly in all
COD and COC markers.

9-7 irreversible filter
The corresponding filt¢r shall
be set,aceordingly in ajl COD
andCOC markers.

9-7 irreversible filter
5-3 reversible filter

The corresponding filter shall
be set accordingly in all COD
and COC markers.

Precinct size

PPx =P
band, el

The corl
shall be

Py =7 for NL:LL

e8

esponding values

ket accordingly in all

PPx =PPy =7 for NL.LL
band, else 8

The corresponding values
shall be set accordingly in all

PPx =PPy =7 for N.LL
band, else 8

The corresponding valués
shall be set accordingly in all

PPx =PPy =7 for N.LJL band,
else 8

The corresponding valfies shall
be set accordingly in a]l COD

PPx >= xcb, PPy >=ycb
The corresponding values shall

be set accordingly in all COD
and COC markers. Note that

shall ha
parts. E4
contain
colour ¢

e exactly 3 tile-
ch tile-part shall
1l data from one
bmponent.

shall have exactly 6 tile-parts
as depicted in Figure A.25
and Figure A.26. Each of the
first 3 tile-parts shall contain
all data necessary to
decompress one 2K colour
component. Each of the next
3 tile-parts shall contain all
additional data necessary to
decompress one 4K~¢olour
component.

shall haye-€xactly 6 tile-parts
as depicted’'in Figure A.29.
Each ofithe first 3 tile-parts
shall\contain all data
necessary to decompress one
2K colour component
compatible to a 2K digital
cinema profile. Each of the
next 3 tile-parts shall contain
all additional data necessary
to decompress the rest of one
2K colour component.

COD and COC markers. COD and COC markers. COD and COC matkers. and COC markers. the precinct sizes might differ
between existing components.
Tile-parts Each compressed image Each compressed image Each compressed image Each compressed imagle shall Each compressed image tile

have exactly 12 tile-pafts as
depicted in Figures A.18, A.27
and A.25. Each of the first 3
tile-parts shall contain pll data
necessary to decompreps one
2K colour component
compatible to a 2K digjital
cinema profile. Each of the
next 3 tile-parts shall cpntain
all additional data necgssary to
decompress one 4K colour
component. Each of the next 3
tile-parts shall contain pll
additional data necessary for
the rest of one 2K colour
component. Each of the next 3
tile-parts shall contain pll
additional data necessary to
decompress the rest offone 4K
colour component.

shall consist of exactly Csiz
tile-parts. Each tile-part shall
contain all data from one
component of the considered
tile.

1

restricted to this wavelet filter. In addition, digital cinema packages (DCPs) conform to the 9-7 filter.
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Table A.46 — Codestream restrictions for digital cinema applications

2K diJital cinema profile

4K digital cinema profile

Scalable 2K digital cinema
profile

Scalable 4K digital ¢inema
profile

Long-term storage profile

Other markers

Packed headers (PPM, PPT)

Disallowed

Disallowed

Disallowed

Disallowed

Disallowed

Tile-part lengths (TLM)

TLM marker segments are
required|in each image

TLM marker segments are
required in each image

TLM marker segments are
required in each image

TLM marker segments|are
required in each image|

TLM marker segments are
required in each image

Packet length, tile-part header Optiona Optional For each tile-part a complete | For each tile-part a corpiplete For each tile-part a complete
(PLT) list of packet lengths shall bé_ | list of packet lengths shall be list of packet lengths shall be
provided provided provided
QCD, QCC Main hepder only Main header only Main header only Main header only Main header only
SOP, EPH Optiona Optional Disallowed Disallowed Each packet in any given tile-
part shall be prepended with an
SOP marker segment and each
packet header in any given
tile-part shall be postpended
with an EPH marker segment
POC marker Disallowed There shall be exactly one There shall be exactly one There shall be exactly pne Disallowed
POC marker segment in the POC marker segment in the POC marker segment ih the
main header. Other POC main header. Other POC main header. Other PQC
marker segments are marker segments are marker segments are
disallowed. The POC matker | disallowed. The POC marker | disallowed. The POC tparker
segment shall specifyiexactly | segment shall specify exactly | segment shall specify gxactly
two progressions which have | two progressions which have | four progressions whigh have
the following patrameters: the following parameters: the following parametdrs:
First progression: First progression: First progression:
RSpoc =05€Spoc =0, RSpoc =0, CSpoc =0, RSpoc =0, CSpoc =0
LYEpbc =1, REpoc = Ny, LYEpoc =1, REpoc = Ni+1, | LYEpoc =1, REpoc =|Ny,
CEpbc = 3, Ppoc = 4 CEpoc =3, Ppoc =4 CEpoc =3, Ppoc =4
Seeond progression: Second progression: Second progression:
RSpoc = Nz, CSpoc =0, RSpoc =0, CSpoc =0, RSpoc = N, CSpoc =1,
LYEpoc=1, LYEpoc =2, REpoc = Ni+1, | LYEpoc =1, REpoc =[N.+1,
REpoc = N; +1, CEpoc =3, | CEpoc=3,Ppoc=4 CEpoc =3, Ppoc =4
Ppoc =4 Third Progression:
RSpoc =0, CSpoc =0
LYEpoc =2, REpoc =[Ny,
CEpoc =3, Ppoc =4
Fourth Progression:
RSpoc=N; _CSpoc =19,
LYEpoc =2, REpoc = Ni+1,
CEpoc =3, Ppoc =4
48 Rec. ITU-T T.800 (06/2019) © ISO/IEC 2019 - All I‘ightS reserved
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Table A.46 — Codestream restrictions for digital cinema applications

ISO/IEC 15444-1:2019 (E)

2K diJital cinema profile 4K digital cinema profile Scalable 2K digital cinema Scalable 4K digita] tinema Long-term storage profile
profile profile

Application specific

restrictions

Error protection Disallowyed Disallowed Disallowed Disalloweéd The use of marker segments
defined in Rec. ITU-T T.810 |
ISO/IEC 15444-11 for the
detection, correction and
protection against errors that
may result from ageing media
is not mandatory but optional
and recommended.

Maximum instantaneous bit- Includinjg bytes of possible Including bytes of possible Excluding bytes,of PLT Excluding bytes of PLT No restrictions

rate for all 3 colour PLT majkers PLT markers markers markers

components’ 250X10{Bit/s 250x10° Bit/s 500%10° Bit/s 500x10° Bit/s

Maximum instantaneous bit- Includinjg bytes of possible Including bytes of possible Excluding/bytes of PLT Excluding bytes of PLT No restrictions

rate for each single colour PLT matkers PLT markers markers markers

component including all 200x10 Bit/s 200x10° Bit/s for 2K portion | 400%X10° Bit/s 400%10° Bit/s

relevant tile-part headers. of each component

Maximum instantaneous bit- - - Excluding bytes of PLT Excluding bytes of PLT No restrictions

rate for quality layer 0 of any markers markers

image frame (aggregate of all 3 250%10° Bit/s 250x10° Bit/s

colour components) shall

include relevant headers and

markers assuring digital

cinema packages can be

obtained by simply stripping

some tile-parts.

Maximum instantaneous bit- - - Excluding bytes of PLT Excluding bytes of PLT No restrictions

rate for layer O of any single markers markers

colour component of an image 200x10° Bit/s 200%10° Bit/s for 2K portion

frame including all relevant of each component

tile-part headers.

Maximum frame rate 60 30 60 30 No limitations

2 The maximum instantaneous bit-rate must not be exceeded. The maximum admissible compressed bytes are explained in formula A-8.
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In order to simplify access to the different codestream resolution, quality layer and component parts, codestreams in
accordance with the profiles defined in Table A.46 have to follow a well-defined compressed image data ordering method
defined by the following.

Figure A.25 shows the corresponding details for the position of the 4K information relative to the basic 2K information.
Assuming N wavelet transform levels (N.+1 resolutions), the rectangle labelled 2K i (i = 0, 1, 2) contains all packets
for colour component i, resolutions 0 to Ni—1 (and layer 1). The rectangle labelled 4K i (i =0, 1, 2) contains all packets
for colour component i, resolution N (and layer 1).

Tile-part Tile-part Tile-part Tile-part Tile-part Tile-part
header K0 header 2K header K2 header 4K_0 header 4K header 4K_2

T.800(19)_FA.25

Figure A.25 — Compressed data ordering showing the relative position
of the 4K tile-parts relative to the basic 2K tile-parts

For the 4K digital cinema profile, Figure A.26 defines the overall file structure.

Main 4K tile-parts
header | (See Figure A.25)

T.800(19)_FA.26

Figure A.26 — Codestream structure for 4K digital_.cinema profile

For the sdalable 4K digital cinema profiles defined in Table A.46, Figure A.27 illustrates the relative compr¢ssed data
layout of|the 2K and 4K information belonging to the second quality layer. Assuming N wavelet transfqrm levels
(N +1 resplutions), the rectangle labelled Ext 2K i (i =0, 1, 2).contains all packets for colour component i, rpsolutions
0 to Nr—1]and layer 2. The rectangle labelled Ext 4K i (i=0, 1\ 2) contains all packets for colour component i, fesolution
Ny and layer 2.

Tile-part|| Ext_ | Tile-part | Ext_ | Tile-part {\*Ext_ | Tile-part | Ext_ | Tile-part | Ext_ | Tile-part || Ext_
header 2K 0 header 2K 1 header 2K 2 header 4K 0 header 4K 1 header 4K 2

T4o0(19)_FA27

Figure A.27 — Extended tile-parts for the scalable 4K digital cinema profile

The overgll file structure of the-scalable 4K digital cinema profile results from concatenating the information [of layer 1
and layer P as illustrated in Figure A.28.

Main 4K tile-parts Super 4K tile-parts
header (See Figure A.5) (See Figure A.27)

T.800(19)_FA 28

Figure A.28 — Codestream structure for the scalable 4K digital cinema profile

Main Tile-part Tile-part Tile-part Tile-part Tile-part Tile-part
-O * *]1 |l * *ll ‘2 * *l] -0 * *12 \0 * *]2 |0 * *12
header header T header et header epr header P header T header Pt

T800(19)_FA.29
Figure A.29 — Codestream structure for the scalable 2K digital cinema profile
Assuming Ny wavelet transform levels (V;+1 resolutions), the rectangle labelled cip*r*11 (i =0, 1, 2) contains all packets

for colour component i, all precincts, resolutions 0 to NV; and layer 1. The rectangle labelled cip*r*12 (i = 0, 1, 2) contains
all packets for colour component i, resolutions 0 to NV, and layer 2.
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The maximum number of bytes per compressed image from the instantaneous bit-rate given in the previous table may be
calculated using the following equation:

Max _Instantaneous _ Bitrate

Max Compressed _Bytes = (A-8)

Frame Ratex$
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Table A.47 — Example file size limitations for digital cinema applications including archiving

(aggregate of all 3 colour components)

markers

16 fps: 1953125
24 fps: 1302083
25 fps: 1250000
30 fps: 1041666
48 fps : 651041
60 fps: 520833

markers

16 fps: 1953125
24 fps: 1302083
25 fps: 1250000
30 fps: 1041666

16 fps: 3906250
24 fps: 2604166
25 fps: 2500000
30 fps:.2083333
48 fps: 1302083
60 fps: 1041666

File size (in bytes) 2K digital cinema profile 4K digital cinema profile Scalable 2K digital ¢inpma Scalable 4K digital cinema
profile profile
Max compressed bytes for any image framp Including bytes of possible PLT | Including bytes of possible PLT | Excluding bytes 6fPLT mprkers | Excluding bytes of PLT markers

16 fps: 3906250
24 fps: 2604166
25 fps: 2500000
30 fps: 2083333

relevant tile-part headers.

24 fps: 1041666
25 fps: 1000000
30 fps: 833333
48 fps: 520833
60 fps: 416666

Max compressed bytes for any single coloyr Including bytes of possible PLT | Including bytes of possible PLF | Excluding bytes of PLT markers | Excluding bytes of PLT markers
component of an image frame including al} relevant | markers markers 16 fps: 3125000 16 fps: 3125000
tile-part headers. 16 fps: 1562500 (2K portion) 24 fps: 2083333 24 fps: 2083333
24 fps: 1041666 16 fps: 1562500 25 fps: 2000000 25 fps: 2000000
25 fps: 1000000 24 fps: 1041664 30 fps: 1666666 30 fps: 1666666
30 fps: 833333 25 fps: 1000000 48 fps: 1041666
48 fps: 520833 30 fps: 833333 60 fps: 833333
60 fps: 416666
Max compressed bytes for quality layer 0 ¢f any - - Excluding bytes of PLT markers | Excluding bytes of PLT markers
image frame (aggregate of all 3 colour conjponents) 16 fps: 1953125 16 fps: 1953125
shall include relevant headers and markers Jassuring 24 fps: 1302083 24 fps: 1302083
digital cinema packages can be obtained by simply
stripping some tile-parts. 25 fps: 1250000 25 fps: 1250000
30 fps: 1041666 30 fps: 1041666
48 fps : 651041
60 fps: 520833
Max compressed bytes for layer 0 of any single = - Excluding bytes of PLT mfarkers | Excluding bytes of PLT markers
colour component of an image frame inclufling all 16 fps: 1562500 (2K portion)

16 fps: 1562500
24 fps: 1041666
25 fps: 1000000
30 fps: 833333
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Table A.48 — Codestream restrictions for broadcast application profiles

Broadcast contribution
single tile profile

Broadcast contribution
multi-tile profile

Broadcast contribution
multi-tile reversible profile

SIZ marker segment

Profile indication

See Table A.10

See Table A.10

See Table A.10

Tiles

One tile for the whole
image:

YTsiz + YTOsiz >= Ysiz
XTsiz + XTOsiz >= Xsiz

1 or 4 tiles
If 1 tile
YTsiz + YTOsiz >= Ysiz
XTsiz + XTOsiz >= Xsiz
If 4 tiles
Ysiz/4 <= YTsiz +

1 or 4 tiles
If 1 tile
YTsiz + YTOsiz >= Ysiz
XTsiz + XTOsiz >= Xsiz
If 4 tiles
Ysiz/4 <= YTsiz +

Y TOSIZ=="Y3iZ Y TOsiZ=="Y5T1
Xsiz/2<= XTsiz + Xsiz/2<= XTsig+
XTOsiz <= Xsiz XTOsiz <= Xsiz
All tiles shall be of the same | All tiles shall'be of fhe same
size size
Imagp and tile origin XOsiz =YOsiz=XTOsiz= | Same Same
YTOsiz=0
Sub-g§ampling (XRsizi =1 for all Same Same
components) or (XRsizl=1,
XRsiz4=1 and XRsizi=2 for
remaining components).
YRsizi=1
Numbper of components Csiz<4 Same Same
Bit depth 7 < Ssiz' < 11 (8-12 bits Same Same
unsigned)
RGN majrker segment Disallowed, i.e., no region Same Same
of interest
Marker locations
Packg¢d headers (PPM, PPT) | Disallowed Same Same
CODy COC, QCD, QCC Main header only Same Same
COD/CQC marker segments
Numbper of decomposition 1<=N,<=5 Same Same
level Every component of every
image, of a.Codestream shall
have-the Same number of
wavelet transform levels.
The number of deployed
decomposition levels shall
be set accordingly in all
COD and COC markers.
Numbper of layers Shall be exactly 1 Same Same
Codetblock size S<xcb<7and5<ycb<6 Same Same
and restrictions in
Table A.18 apply.
Codeblock sizes shall be the
same across all components.
The xcb and ycb values shall
be set accordingly in all
COD and COC markers.
Code-block style SPcod, SPcoc = 0000 0000 Same Same

Transformation

9-7 irreversible transform

9-7 irreversible transform

5-3 reversible transform

Precinct size

PPx = PPy = 7 for N;LL
band, else 8. The
corresponding values shall
be set accordingly in all
COD and COC markers.

Same

Same
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Table A.48 — Codestream restrictions for broadcast application profiles

Broadcast contribution
single tile profile

Broadcast contribution
multi-tile profile

Broadcast contribution
multi-tile reversible profile

Progression order

CPRL, POC marker

Same

Same

disallowed
Tile-parts <4; One for each component | <16; One for each tile <16; One for each tile
component component
Tile-part lengths TLM marker segments are Same Same
required in each image.
Application-specific restrictions
Max components See Table A.49. Same Same
samppng-rate
Max fompressed bit rate See Table A.49. Same Same

The maximum codestream
size is the Max compressed
bit rate divided by the frame
rate.

Table A.49 — Operating levels for the broadcast contribution single tile and niulti-tile profiles

Bampling Rate = (Average Components / Pixel) x (pixels / line) x (total lin€s /frame) x (frames / sec
Where Average Components is two for 4:2:2, three for 4:4:4 or 4:2:2:4"and four for 4:4:4:4

Levels Max. Components Sampling Rate Max. compressed Bit Rate
(MSamples/sec) (Mbits/sec)
Mainleve] 0 Unspecified Unspecified
Mainleve] 1 65 200
Mainlevef 2 130 200
Mainleve] 3 195 200
Mainlevefl 4 260 400
Mainlevef 5 520 800
Mainlevef 6 1200 1600
Mainlevef 7 2400 3200
Mainleve] 8 4800 6400
Mainlevef 9 9600 12800
Mainlevef 10 19200 25600
Mainleve]l 11 38400 51200

# Max. corppressed Bit Rate'= Max. instantaneous Bit Rate
Mega (M}, in the contekt'of this Specification, is 10°

Table A.50 — Operating levels for broadcast contribution multi-tile reversible profile

Sampling Rate = (Avm’agP anpnnﬁnfa [Pixel) x (PiYP]Q [line) x (total lines / frame) x (frames / sec)

Where Average Components is two for 4:2:2, three for 4:4:4 or 4:2:2:4 and four for 4:4:4:4

Levels Max. Components Sampling Rate Max. compressed Bit Rate #
(MSamples/sec) (Mbits/sec)
Mainlevel 6 520 1600
Mainlevel 7 520 Unspecified

# Max. compressed Bit Rate = Max. instantaneous Bit Rate

Mega (M), in the context of this Specification, is 10°
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Table A.51 — Codestream restrictions for interoperable master format (IMF) single tile profiles

2k IMF Single Tile Lossy 4k IMF Single Tile Lossy 8k IMF Single Tile Lossy
Profile Profile Profile
SIZ marker segment
Profile Indication See Table A.10 See Table A.10 See Table A.10
Image size Xsiz <= 2048, Ysiz <= Xsiz <= 4096, Ysiz <= Xsiz <=8192, Ysiz <=
1556 3112 6224
Tiles One tile for the whole Same Same
image:
YTsiz + YTOsiz >= Ysiz
XTsiz + XTOsiz >= Xsiz
[mage and tile origin XOsiz = YOsiz = XTOsiz = | Same Same
YTOsiz =0
Sub-sampling (XRsiz = 1 for all Same Same
components) or (XRsiz!=1,
XRsiz'=2 for remaining
components).
YRsiz=1
[Number of components Csiz<3 Same Same
Bitdepth 7 < Ssiz' < 15 (8-16 bits Same Same
unsigned)
RGN marker segment Disallowed, i.e., no region | Same Same
of interest
Marler locations
Packled headers (PPM, PPT) Disallowed Same. Same
COD, CAC, QCD, QCC Main header only Samé Same
COD/COC marker segments
Numbeq of decomposition levels |1 <=N.<=5 1<=NL<=6 l<=N.<=7

Every component of every
image of a codestream shall
have the same number of
wavelet transfornt levels.
The numbercof deployed
decompositien levels shall

Every component of every
image of a codestream shall
have the same number of
wavelet transform levels. The
number of deployed
decomposition levels shall be

Every component off every
image of a codestregm shall
have the same numbler of
wavelet transform lgvels. The
number of deployed
decomposition levelf shall be

be set aceordingly in all set accordingly in all COD set accordingly in al] COD
COD.and COC markers. and COC markers. and COC markers.
Number of layers Shall be exactly 1 Same Same
Code-block size xcb=ycb=5 Same Same
The corresponding values
shall be set accordingly in
all deployed COD and
COC markers.
Code-block style SPcod, SPcoc = 0000 0000 | Same Same

Trdnsfermation 9-7 Irreversible Transform | 9-7 Irreversible Transform 9-7 Irreversible Tragsform
Precinct size PPx=PPv=7for N;11 Same Same

band, else 8. The
corresponding values shall
be set accordingly in all
COD and COC markers.

Progression order CPRL, POC marker Same Same
disallowed

Tile-parts <3; One for each Same Same
component

Tile-part lengths TLM marker segments are | Same Same

required in each image
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Table A.51 — Codestream restrictions for interoperable master format (IMF) single tile profiles

2k IMF Single Tile Lossy 4k IMF Single Tile Lossy 8k IMF Single Tile Lossy
Profile Profile Profile
Application specific restrictions
Max. Components Sampling Rate | see Table A.53 Same Same
Max. compressed Bit Rate see Table A.53 and A.54 Same Same

The maximum codestream
size is the Max. compressed
Bit rate divided by the
frame rate.

Table A.52 — Codestream restrictions for interoperable master format (IMF)

single tile/multi-tile reversible profiles

2k IMF single/multi-tile
reversible profile

4k IMF single/multi-tile
reversible profile

8Kk YMF single/mplti-tile
reversible profile

SIZ marKer segment

Profile Inglication See Table A.10 See Table A.10 See Table A.10
Image size Xsiz <= 2048, Ysiz <= Xsiz <= 4096, Ysiz<= Xsiz <= 8192, Ysiz =
1556 3112 6224
Tiles One single tile for the whole | One single tile for the whole | One single tile for the whole
image: image: image:

YTsiz + YTOsiz >= Ysiz
XTsiz + XTOsiz >= Xsiz
or multiple tiles with tile

sizes:
XTsiz=YTSiz=1024

YTsizAY TOsiz >= Ysiz
XTsiz % XTOsiz >= Xsiz
erumultiple tiles with tile

sizes:
XTsiz=YTSiz=1024 or

XTsiz=YTSiz=2048

YTsiz + YTOsiz >=|Ysiz
XTsiz + XTOsiz >=[Xsiz
or multiple tiles with tile

sizes:
XTsiz=YTSiz=1024 or

XTsiz=YTSiz=204§ or
XTsiz=YTSiz=4094

Image and tile origin XOsiz = YOsiz=XTOsiz= | Same Same
YTOsiz =0
Sub-sampling (XRsiz = 1*for all Same Same
components) or
(XRsiz!=1, XRsiz'=2 for
remainhing components).
YRsiz=1
[Number of components Csiz<3 Same Same
Bitdepth 7 < Ssiz < 15 (8-16 bits Same Same
unsigned)
RGN marker segment Disallowed, i.e., no region of | Same Same
interest
Marker lpcatigns
Packed headeérs (PPM, PPT) Disallowed Same Same
COD, COC, QCD, QCC Main header only Same Same

COD/COC marker segments

Number of decomposition levels

1 <= NL <=4 for XTsiz>=
1024

or

1 <= N <=5 for XTsiz>=
2048

Every component of every
image of a codestream shall
have the same number of
wavelet transform levels.
The number of deployed
decomposition levels shall

be set accordingly in all
COD and COC markers.

1 <= Ny <=4 for XTsiz>=
1024

or

1 <= Ny <=5 for XTsiz>=
2048

or

1 <= Np <=6 for XTsiz>=
4096

1 <= N <=4 for XTsiz>=
1024

or

1 <= Ny <=5 for XTsiz>=
2048

or

1 <= N <= 6 for XTsiz>=
4096

or

1 <= N <=7 for XTsiz>=
8192
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Table A.52 — Codestream restrictions for interoperable master format (IMF)
single tile/multi-tile reversible profiles

2k IMF single/multi-tile 4k IMF single/multi-tile 8k IMF single/multi-tile
reversible profile reversible profile reversible profile
Every component of every Every component of every
image of a codestream shall | image of a codestream shall
have the same number of have the same number of
wavelet transform levels. The | wavelet transform levels. The
number of deployed number of deployed
decomposition levels shall be | decomposition levels shall be
set accordingly in all COD set accordingly in all COD
and COC markers. and COC markers.
Numbereofdarers——-Shall be-exaethy+ Sae Sewe
Code-block size xcb=ycb=5 Same Same
The corresponding values
shall be set accordingly in
all deployed COD and
COC markers.
Code-block style SPcod, SPcoc = 0000 0000 | Same Sdme
Transformation 5-3 Reversible Transform Same Same
Precinct size PPx=PPy="7 for N.LL Same Same
band, else 8. The
corresponding values shall
be set accordingly in all
COD and COC
Progression order CPRL, POC marker Same Same
disallowed
Tile-part: One tile-part per each tile Same Same
component
Tile-part|lengths TLM marker segments are Same Same
required in each image
Applicatipn specific restrictions
Max. Cojmponents Sampling Rate | see Table A.53 Same Same
Max. conpressed Bit Rate see Tables A:53 and A.54 Same Same
The maximtm codestream
size is thezMax. compressed
Bit rate divided by the frame
rate.
Table A.53 — Operating levels for IMF profiles
Bampling Rate =\ (Average Components / Pixel) x (pixels / line) x (total lines / frame) x (frames / sec
Where Average Components is two for 4:2:2, three for 4:4:4 or 4:2:2:4 and four for 4:4:4:4
Levels Max. Components Sampling Rate Allowed sublevels
(MSamples/sec) (see Table A.54)
Mainlevef 0 Unspecified Unspecified
Mainlevel 1 65 Sublevels O up to 1
Mainlevel 2 130 Sublevels 0 up to 1
Mainlevel 3 195 Sublevels 0 up to 1
Mainlevel 4 260 Sublevels 0 up to 2
Mainlevel 5 520 Sublevels 0 up to 3
Mainlevel 6 1200 Sublevels 0 up to 4
Mainlevel 7 2400 Sublevels 0 up to 5
Mainlevel 8 4800 Sublevels 0 up to 6
Mainlevel 9 9600 Sublevels 0 up to 7
Mainlevel 10 19200 Sublevels 0 up to 8
Mainlevel 11 38400 Sublevels 0 up to 9
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Table A.54 — Operating sublevels for IMF profiles

Sublevels Max. compressed Bit Rate #
(Mbit/s)

Sublevel 0 unspecified
Sublevel 1 200
Sublevel 2 400
Sublevel 3 800
Sublevel 4 1600
Sublevel 5 3200
Sublevel 6 6400
Sublevel 7 12800
Sublevel 8 25600
Sublevel 9 51200

# Max. cotphpressed Bit Rate = Max. instantaneous Bit Rate

Mega (M),|in the context of this Specification, is 10°

Table A.55 — Profile PRFnum parameter

PRFnum value Profile

0 to 4095 Not allowed.

All other values reserved for future use by ITU-T | ISO/IEC
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Annex B

Image and compressed image data ordering

(This annex forms an integral part of this Recommendation | International Standard.)

:2019 (E)

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining an
output that alternative implementations shall duplicate.

This annex describes the various structural entities and their organization in the codestream: components, tiles, sub-bands
and their divisions.

B.1
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e.g., the ifnage area and tiles.
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(see A.5.1
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parameters defining the reference grid appear in Figure B.1. The reference grid is a rectangular grid of point|

indices ft
(Xsiz, Ys
reference
(Xsiz -1,

Introduction to image data structure concepts

bnce grid provides a mechanism for co-registering components and for defining subsets of the refer

onents consist of two-dimensional arrays of samples. Each component, ¢, has parameters XRsij
) which define the mapping between component samples and the reference grid points. Every ¢
associated with a reference grid point (though not vice versa). This mapping|induces a regis
its with each other used for coding only.

ponent is divided into tiles corresponding to the tiling of the reference grid, These tile-components
ntly. Each tile-component is wavelet transformed into several decompasition levels which are

levels (see Annex F). Each resolution level consists of either the\HL, LH and HH sub-bands
ition level or the N;LL sub-band. Thus, there is one more resolution level than there are decompositij

band has its own origin. The sub-band boundary conditions are tnique for each HL, LH and HH sub
— This convention differs from the usual wavelet diagrams whichplaee all sub-bands for a component in a sing

and code-blocks are defined at the resolution levelrand sub-band. Consequently they can vary
its. Precincts are defined so that code-blocks fit neatly,i.e., they "line up" with each other.

companying figures, boundaries and coordinatesaxes are shown. In each case, the samples or c
| with the left and upper boundaries are included’in a given region, while samples or coefficients alon
ver boundaries are not included in that region.

le accompanying formulae, many of the variables have values that can change as a function of comp
on level. These values may change explicitly (through the syntax described in Annex A) or implicitly
n). For convenience of notation, some dependencies are suppressed in the discussion that follows.

Component mapping to the reference grid

bnents (and many,.other structures in this annex) are defined with respect to the reference grid. T}

m (0, 0) to (Xsiz> 1, Ysiz— 1). An "image area" is defined on the reference grid by the dimensional p
z) and (XOs1z, YOsiz). Specifically, the image area on the reference grid is defined by its upper
grid point at location (XOsiz, YOsiz), and its lower right hand reference grid point af
YsizZ —yb).

ence grid,
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bmponent
tration of
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e space.
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efficients
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irameters,
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The samp)|

les\0f component ¢ are at integer multiples of (XRsiz®, YRsiz®) on the reference grid. Each compone

ht domain

is a sub-sampled version of the reference grid with the (0, 0) coordinate as a common point for each component. Row
samples are located reference grid points that are at integer multiples of XRsiz® and column samples are located reference
grid points that are at integer multiples of YRsiz®. Only those samples which fall within the image area actually belong to
the image component. Thus, the samples of component ¢ are mapped to the rectangle which has the upper left hand sample
with coordinates (Xo, yo) and lower right hand sample with coordinates (x; — 1, yi1 — 1), with Xo, yo, X1, y1 as defined in
equation (B-1):
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Xsiz

(0,0) | XOsiz_

+— (Xsiz—1,0)

YOsiz

The rows in the figure correspond to boundary
reference grid points. The image area includes
reference grid points at locations (XOsiz,
YOsiz) and (Xsiz — 1, Ysiz— 1), as well as all
reference grid points in between.

(XOsiz,
Y Osiz)

Ysiz

Image area

v o B . .
4 T.800(19) FB.A (Xsiz— 1, Ysiz—1)

(0, Ysiz— 1)

Figure B.1 — Reference grid diagram
N XOsiz v = Xsiz _ | YOsiz | Ysiz (B-1)
0 XRsiz* ! XRsiz* o YRsiz¢ . YRyiz"

Thus, the [dimensions of component ¢ are given by:

(width, height) = (xl —Xgad1 — yo) (B-2)

The pararheters, Xsiz, Ysiz, XOsiz, YOsiz, XRsiz® and YRsiz® are-all defined in the SIZ marker segment (see A.5.1).
NOTE|1 — The fact that all components share the image offset (XOsiz, YOsiz) and size (Xsiz, Ysiz) induces a registration of the
compohents.

NOTE|2 — Figure B.2 shows an example of three components mapped to the reference grid. Figure B.3 shows the imagg area from
a partigular image offset with different (XRsiz, YRsiz),values. The upper left sample coordinate in the image compongnt domain
that is {ncluded in the image area, is also illustrated.

(0, 0) / Reference grid

T800(19)_FB.2
® (XRsiz, YRsiz) = (1, 1)
>< (XRsiz, YRsiz) = (2, 2)
O (XRsiz, YRsiz) = (3, 2)

Figure B.2 — Component sample locations on the reference grid for different XRsiz and YRsiz values
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/ Reference grid

Image area: (XOsiz, YOsiz) = (3, 2)

Upper left sample coordinate:
For (XRsiz, YRsiz) = (2, 2):

o (|2} }(2, )

2
2
For (XRsiz, YRsiz) = (3, 2):
2
2

_(T31]2])_
(xm;vo)—[ 21 J—(L 1)

Figure B.3 — Example of upper left component sample locations

T.800(19)_FB.3

B.3 [Image area division into tiles and tile-components

The refer¢nce grid is partitioned into a regular-sized rectangular array of tiles. The tile size and tiling offset are defined,
on the refgrence grid, by dimensional pairs (XTsiz, YTsiz) and (XTOsiz, YTOsiz), respectively.These are all jarameters
from the $1Z marker segment (see A.5.1).

Every tilg is XTsiz reference grid points wide and YTsiz reference grid points high. Thé top left corner of thg first tile
(tile 0) is pffset from the top left corner of the reference grid by (XTOsiz, YTOsiz). Fhetiles are numbered in rafter order.
This is the tile index in the Isot parameter from the SOT marker segment in A'4.2. Thus, the first tile's ppper left
coordinatgs relative to the reference grid are (XTOsiz, YTOsiz). Figure B.4 shows this relationship.

XTOsiz

YTOsiz

s

(XTOsiz,

YTOsiz) TO | TI T2 T3 T4 *—I;ﬁg;?ex
N
& T5 | ~T6 T7 T8 T9
=
S Tiol TI T12 T13 T14

TI15 T16 T17 T18 TI19

T.800(19)_FB.4

Figure B.4 — Tiling of the reference grid diagram

The tile grid offsets (XTOsiz, YTOsiz) are constrained to be no greater than the image area offsets. This is expressed by
the following ranges:

0 < XTOsiz < XOsiz 0 < YTOsiz < YOsiz (B-3)

Also, the tile size plus the tile offset shall be greater than the image area offset. This ensures that the first tile (tile 0) will
contain at least one reference grid point from the image area. This is expressed by the following ranges:

XTsiz + XTOsiz > XOsiz YTsiz + YTOsiz > YOsiz (B-4)
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The number of tiles in the X direction (numXtiles) and the Y direction (numYtiles) is the following:

(B-5)

numXtiles [stz - XTOszz—‘

. Ysiz — YTOsiz
numYtiles = | ———
XTsiz

YTsiz

For the purposes of this description, it is useful to have tiles indexed in terms of horizontal and vertical position. Let p be
the horizontal index of a tile, ranging from 0 to numXtiles — 1, and g be the vertical index of a tile, ranging from 0 to
numYtiles — 1, determined from the tile index as follows:

numXtile

p=mod(t,numXtiles) q= L;J (B-6)
S

where ¢ is the index of the tile in Figure B.4.

The coordinates of a particular tile on the reference grid are described by the following equations:

x,(p,q) = ma(XTOsiz + p - XTsiz, XOsiz) (B-7)

(P, q) = max(YTOsiz + q - YTsiz, YOsiz) (B-8)
x,(p, q) = min(XTOsiz + (p +1) - XTsiz, Xsiz) (B-9)
i(p,q) = min(YTOsiz + (q+1) - YTsiz, Ysiz) (B-10)

where txofp, g) and tyo(p, q) are the coordinates of the upper left corner of thevtile, txi(p, ¢) — 1 and ty1(p, ¢) + 1 are the
coordinatgs of the lower right corner of the tile. We will often drop the tile's’coordinates in referring to a speciffic tile and
refer to the coordinates (¢xo, £0) and (tx1, ty1).

Thus the dlimensions of a tile in the reference grid are:
(e — txg, 1 —1yo) (B-11)

Within th¢ domain of image component i, the coordinates of the upper left hand sample are given by (fcxo, tcyo) and the
coordinatgs of the lower right hand sample are given‘by (fcxi — 1, fcy1 — 1), where:

t t t t
texg = { %0 —l e = { & —‘ fcyy = { 0 —l tey, = { ! —‘ (B-12)
.1 .1 .1 .1
XRsiz XRsiz YRsiz YRsiz

so that th¢ dimensions of the tile-eomponent are:

(tex) — texg, teyy — teyg) (B-13)

B.4 [Example-of the mapping of components to the reference grid (informative)

The following example is included to illustrate the mapping of image components to the reference grid angl the area
induced bly tiling across components with different sub-sampling factors. The example assumes an application in which
an origingl image with an aspect ratio 16:9 is to be compressed with this Recommendation | International [Standard.
Choices of the image size, image offset, tile size and tile offset are used such that an image with aspect ratio 4:3 can be
cropped from the centre of the original image. Figure B.5 shows the reference grid and image areas along with the tiling
structure that will be imposed in this example.
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Figure B.S — Reference grid example

pference grid size (Xsiz, Ysiz) be (1432,954). In this example, the image will contain two co
nt indices will be represented by i = 0, 1) The sub-sampling factors XRsiz' and YRsiz' of the two ca
bt to the reference grid will be XRsiz? = YRsiz? = 1 and XRsiz! = YRsiz! = 2. The image offset i
[Osiz) = (152, 234). Given these parameters, the sizes of the two image components can be determ
B-1). The upper left corner of domponent 0 is found at ([ 152/11,[234/1 1) = (152, 234). The lower i
nent 0 is found at ([ 1432/0 11, [954/1 |- 1) = (1431, 953). The actual size of component 0 is
bles in width by 720 samples in height. The upper left corner of component 1 is found at ([ 152/21,
while the lower right-corner of that component is found at (| 1432/21—1,[954/21— 1) = (715, 476). ]
mponent 1 is therefore’640 samples in width by 360 samples in height.

ire chosen to have an aspect ratio of 4:3. In this example, (XTsiz, YTsiz) will be set to (396, 297) a
TOsiz, YTOSsiz) will be set to (0, 0). The number of tiles in the x and y directions are then determ
B-5) ninnXtiles = [ 1432/396 | = 4, numYtiles = [ 954/297 | = 4. The tiled image components will
total(ofy = 16 tiles, with tile grid indices p and ¢ in the range 0 < p, g < 4. It is now possible to co

locations

of\the tiles in each image component. To do so, the values of xo, £x1, #yo and #y; are determj

All coordinates in this figur€are in the component domain T840(19)_FB.5

mponents
mponents

set to be
ined from
bht corner
therefore
234/2]) =
[he actual

nd the tile
ned from
therefore
mpute the
ned from

Equations

oo nQ o D2 S =T 1 1 1 el 1 1 1 1 - .
(DB=7), (D=06), \D=7) dlIlU{D-=1U). SIIICT [ dIIt ¢ SI1dI T UIC S4IIIC STL O1 dUIIIISSIUIC VAalucs, UIC TIOldUOIT

:3' will be

used to refer to the sequence of values {0, 1, 2, 3}, and the notation "*' will be used to denote that the result is valid for all
admissible values. The values of xo are found as txo(0:3, *) = {152, 396, 792, 1188}, and the values of tx; are given by
tx1(0:3, *) = {396, 792, 1188, 1432}. The values of tyy are fyo(*, 0:3) = {234, 297, 594, 891}, and the values of #y; are

m(*, 0:3)

= {297, 594, 891, 954}.
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(0,0) ! ! i
1 1 I
i i |
1 1 |
1 1 1
1 1 1
1 1 1
i i I
: ! ; (1432, 234)
(152, 234) 1 (396, 234) 1 (792, 234) 11188, 234)
1 1 |
___________________ 244 x 63 4 396 x 634: 396x63 1 ______ 244 x 63 (1432, 297)
(152, 297) (396, 297) 1 (792,297) (1188, 297)
1
i
1
244 x 297 396 x 297 ! 396 x 297 244 % 297
1
1
1
1
i
ffffff TR sttt B itk Bbtb ity o
(152, 594) (396, 594) 1(792, 594) (L188,504) (N1 (1432, 594)
i g
' ’
244 x 297 396 % 297 ! 396 x 297 b‘b‘%‘m x 297
1
1
| 2
i
777777 [ 52,890 1396, 891 (792, 891 (188,890 | (1h32, 891
(152, 891) 44 x 3196 8D 396 x 63 1 792 89D _So6%es | 244 207) ¢ )
(152, 954) (396, 954) (792, 954) (1188, 954) (1432, 954)
Tiling for component 0. All coordinates in this figure are-in the component domain T.80P(19)_FB.6
Figure B.6 — Example tile sizes and locations for component 0
With the yalues of £xo, tx1, tyo and ty; now known, the locations and sizes of all tiles can be determined for epch of the

compone]
while the
figures (ti
these tiled
(XRsiz’, ]
(2,2). No
149. This
combinat]

With thes
desired in|
of referen|
values of

cropping

image. Similarly,“the image size must be adjusted to reflect the cropped size (Xsiz’, Ysiz") = (1188, 84

(Xsiz’, Y

its. To do so, Equation (B-12) is used. The releyantlocations and sizes for component 0 are shown in

es (1, 1),(1,2),(2,1)and (2, 2)). These.tiles'are not limited in extent by the image area. In compone
are the same size. This regularity is a~result of the fact that the sub-sampling factors for this comj
Y Rsiz’) = (1, 1). However, in compbnent 1, these tiles are not all the same size because (XRsiz',
tice that tiles (1, 1) and (2, 1) areboth of size 198 by 148, while tiles (1, 2) and (2, 2) are both of si
illustrates that the number of samples in the interior tiles of a component can vary depending upon the
on of tile size and componentsub-sampling factors.

e choices of reference grid, image offset, tile size and tile offset, the coded image can be cropped dire
terior region. The four interior tiles from each component can be retained and will represent a cropj
ce grid size (792, '594). When such a cropping is performed, it will not be necessary to recode the til
some of the.reference grid parameters must change. The image offsets must be set to the coording
ocations,/sQ‘that (XOsiz’, YOsiz") = (396, 297) where (XOsiz’, YOsiz") are the image offsets of th

iz") are the sizes of the cropped reference grid. Finally, the tile offsets are no longer zero and insted

set to (X

igure B.6,

same information is provided for component\l in Figure B.7. Of particular interest are the 'interior' files in the

ht 0, all of
onent are
YRsiz!) =
ze 198 by
particular

ctly to the
ed image
es, but the
tes of the
e cropped
1) where
d must be

Qsiz”, YTOsiz") = (396, 297) where (XTOsiz’, YTOsiz") are the tile offsets of the cropped reference

grid.
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B.S

Each tile-
distinct rd
general, a
This clau

The giver]
left hand

In a similj
coordinat

Figure B.7 — Example tile sizes and loc¢ations for component 1

[Transformed tile-component division into résolution levels and sub-bands

component is wavelet transformed with N, decomposition levels as explained in Annex F. Thus, there
solution levels, denoted » = 0,1,...,N;. The lowest resolution level, » = 0, is represented by the N.L1I
reduced resolution version of a tile-component with resolution level, r, is the sub-band nLL, where 7
e describes the dimensions of this reduced resolution.

tile-component's coordinates with respect to the reference grid at a particular resolution level, r, y
ample coordinates, (trxo, tryo)-and lower right hand sample coordinates, (zrx; — 1, try; — 1), where:

. tcxo _ tcyo . lCXl . tcyl
tmo - |72NL—7'—‘ l‘l’yo - ’72NL—V—‘ tml - ’72]\/’1‘—7‘ th - 2NL—}’

ir manner, thettile coordinates may be mapped into any particular sub-band, b, yielding upper left ha
s (¢bxo, thyg).and lower right hand sample coordinates (tbx; — 1, thy) — 1) where:

(0.0) ! i |
i i i
1 1 I
1 1 I
1 1 I
i i i
i i i
i i i
i : ; (716, 117)
(76, 117) | (198, 117) 1(396, 117) (594, 117)
___________________ 122 x 32 ! 198 x 32 : 198x32+ ___122x32 (716, 149)
(76, 149) (198, 149) 1(396, 149) (594, 149)
1
|
1
122 x 148 198 x 148 | 198 x 148 122 x 148
1
1
1
1
|
------ B i b L e,
(76, 297) (198, 297) 1(396, 297) (594,207) (N1 (76,297)
| a
f s
122 x 149 198 x 149 E 198 x 149 b‘b‘b‘lZZ % 149
i
| °
i
1 : (504 A4Fy
(76,446) ), 5 1 (198,446) 10§ « 31 | 396 446) ,\‘bs\({m (594, 446) |, | (7)6,446)
(76, 477) (198, 477) (396, 477) (594, 477) (7)6,477)
Tiling for component 1. All coordinates in this figure arg-in.the component domain T.80P(19)_FB.7

are N; + 1
| band. In
= NL —7r.

eld upper

(B-14)

hd sample

N Y ) _(”b_l. )
thxy = {tcxo (2 xop, —‘ thyy = [tcyo 2 Yoy,

010} Ny

[ = [ | = |

oy~ 1 ) o - )

tbxl _ [&29] : XO0p tbyl _ N . YOop
2" 2"

(B-15)

where ny is the decomposition level associated with sub-band b, as discussed in Annex F, and the quantities (xos, yop) are
given by the Table B.1.
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Table B.1 — Quantities (X0s, yOp) for sub-band b

Sub-band XOb yOb
nsLL 0 0
nsHL (horizontal high-pass) 1 0
npLH (vertical high-pass) 0 1
nyHH 1 1

NOTE — Each sub-band is different as mentioned in B.1.

For each sub-band, these coordinates define tile boundaries in distinct sub-band domains. Furthermore, the width of each
sub-band within its domain (at the current decomposition level) is given by tbx; — tbxo, and the height is given

by tby1 — thyy.

B.6 IDivision of resolution levels into precincts

Consider p particular tile-component and resolution level whose bounding sample coordinates in the rediiced fesolution
image domain are (#rxo, tryo) and (trx; — 1, try1 — 1), as already described. Figure B.8 shows the ‘partitionihg of this
tile-comppnent resolution level into precincts.The precinct is anchored at location (0, 0), so that the’ipper left hgnd corner
of any givlen precinct in the partition is located at integer multiples of (277, 2P?) where PPx and PPy are signa]led in the
COD or COC marker segments (see A.6.1 and A.6.2). PPx and PPy may be different.for each tile-comppnent and
resolutiony level. PPx and PPy must be at least 1 for all resolution levels except » = 0 where they are allowed tq be zero.

PPx

oY D

(Wrxg, 1ry,) ~_|
;i:m KO K1 K2 K3
K4 KS K6 K7
K8 K9 K10 K11

T.800(19)_FB.8

Figure B.8 — Precincts of one reduced resolution

/ (trx,— 1, try, —

—

The number of precincts which span the tile-component at resolution level, 7, is given by:

x| | ry | |y |
numprecindswide=| | PP~ o PPx " = % numpredanctshigh= || 2PPv PPy V=Y

0 trx, =trx, 0 try, =try,

(B-16)
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Even if Equation (B-16) indicates that both numprecinctswide and numprecinctshigh are non-zero, some, or all precincts
may still be empty, as explained below. The precinct index runs from 0 to numprecincts — 1 where numprecincts =
numprecinctswide * numprecinctshigh in raster order (see Figure B.8). This index is used in determining the order of
appearance in the codestream, of packets corresponding to each precinct, as explained in B.12.

It can happen that numprecincts is 0 for a particular tile-component and resolution level. When this happens, there are no
packets for this tile-component and resolution level.

It can happen that a precinct is empty, meaning that no sub-band coefficients from the relevant resolution level actually
contribute to the precinct. This can occur, for example, at the lower right of a tile-component due to sampling with respect
to the reference grid. When this happens, every packet corresponding to that precinct must still appear in the codestream
(see B.9).

B.7 Division of the sub-bands into code-blocks

The sub-hands are partitioned into rectangular code-blocks for the purpose of coefficient modelling and coding. The size
of each cpde-block is determined from two parameters, xcb and ycb, which are signalled in the COD ,or"CQC marker
segments [(see A.6.1 and A.6.2). The code-block size is the same from all resolution levels. However,(at-each fesolution
level, the fode-block size is bounded by the precinct size. The code-block size for each sub-band at a'particular fesolution
level is dgtermined as 2**" by 2**" where:

- min(xcb, PPx— 1), forr >0
xeb” = ( min(xch, PPx), for r =0 (B-17)
and:
- min(ycb, PPy — 1), for >0 i
yeb'= [ min(ycb, PPy), fot,r=0 (B-18)

These eqyations reflect the fact that the code-block size is constrained both by the precinct size and the code-Qlock size,
whose parameters, xcb and ycb, are identical for all sub-bands in the tile-component. Like the precinct, the cpde-block
partition is anchored at (0, 0), as illustrated in Figure B.9. Thus, all first rows of code-blocks in the code-block partition
are locatefl at y = m2"*" and all first columns of code-blegks are located at x = n2*’, where m and n are integets.

NOTE}- Code-blocks in the partition may extend beyond-the boundaries of the sub-band coefficients. When this happens, only the

coefficjents lying within the sub-band are coded using’the method described in Annex D. The first stripe coded using this method
corresponds to the first four rows of sub-band coefficients in the code-block or to as many such rows as are present.
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B.8

(thx,— 1, thy,— 1)

Figure B.9 — Code-blocks and\precincts in sub-band b from four different tiles

[Layers

The compressed image data of each code-block is distributed across one or more layers in the codestream. F
consists off a number of consecutiye bit-plane coding passes from each code-block in the tile, including all sulf
all compopnents for that tile. The mamber of coding passes in the layer may vary from code-block to code-blocl
be as littlg as zero for any or all’code-blocks. The number of layers for the tile is signalled in the COD marke}

(see A.6.1).

For a givgn code-blo¢k; the first coding pass, if any, in layer # is the coding pass immediately following the 1
pass for the code-block in layer n — 1, if any.

NOTE

Layers ar
NOTE

68

1 — Bach'layer successively and monotonically improves the image quality.

b indexed from 0 to L — 1. where L is the number of lavers in each tile-component.

ach layer
-bands of
x and may
r segment

hst coding

2 — Figure B.10 shows an example of nine precincts of resolution level m. Table B.2 shows the layer formation.
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Figure B.10 — Diagram of precincts of one resolution ley¢l of one component

Table B.2 — Example of layer formation (only oh¢ component shown)

Resolutign level 0 m NL

Precinct Po0 Pol Pm0 Pml Pm8 Pni0 Pnift

Layef 0 Packet 0 | PacketO | ... ... | PacketO_| PacketO | ... | PacketO | ... | PacketO | Pack¢t O

Layer 1 Packet 1 | Packet1 | ... ... | Packet | Packet1 | ... | Packetl | ... | Packet1 | Packgt 1
The basic|building blocks of layers are packets. Packets are created from the code-block compressed image dath from the
precincts pf different resolution levels (for a given tile-component).
B.9 [Packets
All comptessed image data representing a specific tile, layer, component, resolution level and precinct appdars in the
codestream in a contiguous segment called a packet. Packet data is aligned at 8-bit (one byte) boundaries.
As definel in F.3.1, resolution level » = 0 contains the sub-band coefficients from the N LL band, where /N, is tlhe number
of decomposition levels~Each subsequent resolution level, » > 0, contains the sub-band coefficients from the gHL, nLH
and nHH pub-bands; as-defined in Annex F, where n = N; — r + 1. There are N; + | resolution levels for a tile-component
with NV, dgcompesition levels.
The compre§sed image data in a packet is ordered such that the contribution from the LL, HL, LH and HH sjub-bands,
appear in that order. This sub-band order is identical to the order defined in F.3 1 _Within each Q]]]‘\-]‘\ﬂﬂ!’], the cbde-block

contributions appear in raster order, confined to the bounds established by the relevant precinct. Resolution level » =0
contains only the N;LL band and resolution levels » > 0 contain only the HL, LH and HH bands. Only those code-blocks
that contain samples from the relevant sub-band, confined to the precinct, have any representation in the packet.

NOTE 1 — Figure B.11 shows the organization of code-blocks within a precinct that form a packet. Table B.3 shows an example
of code-block coding passes that form packets. In Table B.3 the variables a, b and ¢ are code-block coding passes where
a = significance propagation pass, b = magnitude refinement pass and ¢ = cleanup pass (see Annex D).
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Figure B.11 — Diagram of code-blocks within precincts atlone resolution level

Table B.3 — Example of packet formation

code-block 0 code-block 1 code-block 2 code-block 10 code-block 11
MSB c 0 0 c 0 pagket 0
a 0 0 a 0
b 0 0 b 0
c c 0 c 0
a a 0 a 0 pagket 1
b b 0 b 0
C C C C C
tc.
LSB a a a a
C C C C C
Packet d4ta is introduced\by a packet header whose syntax is described in B.10 and is followed by a pagket body
containing the actual ¢ode-bytes contributed by each of the relevant code-blocks. The order defined above is fgllowed in
constructing both the packet header and the packet body.
As descriped, in B.6, it can happen that a precinct contains no code-blocks from any of the sub-bands at|particular
resolution Iévels. When this occurs, all packets corresponding to that precinct must appear in the codestream| as empty
packets, itraccordancewithrthepacket hreaderdeseribed-mB16-

NOTE 2 — Even when a precinct contains relevant code-blocks, an encoder might choose to not include any coding passes in the
corresponding packet at a given layer. In this case, an empty packet must still appear in the codestream.

B.10

Packet header information coding

The packets have headers with the following information:

70

—  zero length packet;

—  code-block inclusion;

—  zero bit-plane information;

—  number of coding passes;

—  length of the code-block compressed image data from a given code-block.
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Two items in the header are coded with a scheme called tag trees described below. The bits of the packet header are
packed into a whole number of bytes with the bit-stuffing routine described in B.10.1.

The packet headers appear in the codestream immediately preceding the packet data, unless one of the PPM or PPT
marker segments has been used. If the PPM marker segment is used, all of the packet headers are relocated to the main
header (see A.7.4). If the PPM is not used, then a PPT marker segment may be used. In this case, all of the packet headers
in that tile are relocated to tile-part headers (see A.7.5).

B.10.1 Bit-stuffing routine

Bits are packed into bytes from the MSB to the LSB. Once a complete byte is assembled, it is appended to the packet
header. If the value of the byte is 0xFF, the next byte includes an extra zero bit stuffed into the MSB. Once all bits of the
packet header have been assembled, the last byte is packed to the byte boundary and emitted. The last byte in the packet
header shall not be an OxFF value (thus the single zero bit stuffed after a byte with O0xFF must be included even if the
0xFF would otherwise have been the last byte).

B.10.2 [Tag trees
A tag tree|is a way of representing a two-dimensional array of non-negative integers in a hierarchical way. 1t sugcessively
creates refluced resolution levels of this two-dimensional array, forming a tree. At every node of this tree the [minimum
integer of|the (up to four) nodes below it is recorded. Figure B.12 shows an example of this representation. Thg notation,
qi(m, n), ip the value at the node that is mth from the left and nth from the top, at the ith level.{Léevel 0 is the lowest level
of the tag|tree; it contains the top node.
1 3 2 3 5 3
g5(0, 0) | ¢5(1, 0) | ¢5(2,0) 1 1
2
(0, 0) 4,(1, 0)
2 2 1 4 3 2
2 2 2 2 1 2 2 2 1
a) Original array of numbers, level 3 b) Minimum of four (or less) nodes, level 2
1 | 1
¢,(0.0) 40(0, 0)
¢) Minimum_ ef four (or less) nodes, level 1 d) Minimum of four (or less) nodes, level {)
T.80P(19) FB.12
Figure B.12 — Example of a tag tree representation

The elements of the array are traversed in raster order for coding. The coding is the answer to a series of questions. Each
node has an associated current value, which is initialized to zero (the minimum). A O bit in the tag tree means that the
minimum (or the value in the case of the highest level) is larger than the current value and a 1 bit means that the minimum
(or the value in the case of the highest level) is equal to the current value. For each contiguous 0 bit in the tag tree the
current value is incremented by one. Nodes at higher levels cannot be coded until lower level node values are fixed (i.e.,
a 1 bit is coded). The top node on level 0 (the lowest level) is queried first. The next corresponding node on level 1 is then
queried, and so on.

Only the information needed for the current code-block is stored at the current point in the packet header. The decoding
of bits is halted when sufficient information has been obtained. Also, the hierarchical nature of the tag trees means that
the answers to many questions will have been formed when adjacent code-blocks and/or layers were coded. This
information is not coded again. Therefore, there is a causality to the information in packet headers.
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NOTE - For example, in Figure B.12, the coding for the number at ¢3(0, 0) would be 01111. The two bits, 01, imply that the top
node at go(0, 0) is greater than zero and is in fact one. The third bit, 1, implies that the node at ¢1(0, 0) is also one. The fourth bit,
1, implies that the node at ¢2(0, 0) is also one. And the final bit, 1, implies that the target node at ¢3(0, 0) is also one. To decode the
next node g3(1, 0) the nodes at go(0, 0), ¢1(0, 0) and ¢2(0, 0) are already known. Thus, the bits coded are 001, the zero says that the
node at g3(1, 0) is greater than 1, the second zero says it is greater than 2, and the one bit implies that the value is 3. Now that
¢3(0, 0) and ¢3(1, 0) are known, the code bits for ¢3(2, 0) will be 101. The first 1 indicates g2(1, 0) is one. The following 01 then
indicates ¢3(2, 0) is 2. This process continues for the entire array in Figure B.12a.

B.10.3

Zero length packet

The first bit in the packet header denotes whether the packet has a length of zero (empty packet). The value 0 indicates a
zero length; no code-blocks are included in this case. The value 1 indicates a non-zero length; this case is considered
exclusively hereinafter.

NOTE - If a packet is marked as empty, then no code-blocks may contribute to the corresponding layer. If the next packet is not
marked as empty, the code-block 1nclu510n 1nformat1on (deﬁned in B 10.4) for the prev1ous layer w1th the empty bit set has to be
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ce whose entries are initialized with the layer number of the first layer to which the code-block contributes. ]
1 have redundant information identifying whether or not the code-block contributes to both the current layer af
h the packet was marked as empty.

ICode-block inclusion

n concerning whether or not any compressed image data from each code-block is*included in the
n one of two different ways depending upon whether or not the same code-block has already been ii
packet (i.e., within a previous layer).

blocks that have been included in a previous packet, a single bit is used t0 represent the informati
that the code-block is included in this layer and a 0 means that it is not.

blocks that have not been previously included in any packet, thisiinformation is signalled with a se
for each precinct as confined to a sub-band. The values in this tag’'tree are the number of the layer in
de-block is first included. Although the exact sequence of bits that represent the inclusion tag tree
bam, only the bits needed for determining whether the code-block is included are placed in the packet
e tag tree is already known from previous code-blocks.or previous layers, it is not repeated. Likewis
he tag tree as is needed to determine inclusion in the'current layer is included. If a code-block is no
br layer, then only a partial tag tree is included atthat point in the bit stream.

Zero bit-plane information

block is included for the first time, the packet header contains information identifying the actual num|
ed to represent coefficients from*the code-block. The maximum number of bit-planes availab
tion of coefficients in any sub-band, b, is given by M} as defined in Equation (E-2). In general hoy
actual bit-planes for which geding passes are generated is M, — P, where the number of missing most s
P, may vary from code-bloek to code-block; these missing bit-planes are all taken to be zero. The
h the packet header withha separate tag tree for every precinct, in the same manner as the code-block
n.

Number of coding passes

er of coding passes included in this packet from each code-block is identified in the packet header
s shown'in-Table B.4. This table provides for the possibility of signalling up to 164 coding passes.
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Table B.4 — Codewords for the number of coding passes for each code-block

72

Number of coding passes Codeword in packet header

1 0
2 10
3 1100
4 1101
5 1110

6to 36 1111 0000 O
to
1111 1111 O

37 to 164 1111 11111 0000 000
to
1111 11111 1111 111
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NOTE - Since the value of M is limited to a maximum value of 37 by the constraints imposed by the syntax of the QCD and QCC
marker segments (see A.6.4, A.6.5 and Equation (E-4)), it is not possible for more than 109 coding passes to be employed by the
code-block coding algorithm described in Annex D.

B.10.7 Length of the compressed image data from a given code-block

The packet header identifies the number of bytes contributed by each included code-block. The sequence of bytes actually
included for any given code-block must not end in a OxFF. Thus, in the event that an OxFF appears at the end of a code-
block's contribution to a packet, the 0xFF may be safely moved to the subsequent packet which contains contributions
from the code-block, or dropped if there is no such packet. The example coding pass length calculation algorithm

described

in Annex D ensures that no coding pass will ever be considered as ending with an OxFF.

NOTE - This is, in fact, not a burdensome requirement, since O0xFFs are always synthesized as necessary by the arithmetic coder

describ

ed in Annex C.

dlasrt dall le thara o

In signallinethenumberotbyteseontributed-by thecodeblockthere-are trocases-thecodeblockcontributto
a single dodeword segment; or the code-block contribution contains multiple codeword segments. Multiple)c
segments prise when a termination occurs between coding passes which are included in the packet, as shown in T

and D.9.

B.10.7.1 [Single codeword segment

A codewd

is represepited by a binary number of length:

where Lb

The value]

bits that increase the value of Lblock, as needed. A signalling bit of zero,indicates the current value of Lblock is

rd segment is the number of bytes contributed to a packet by a code-block. The l€ngth of a codewor{l

bits= Lblock+ |_10g2 (coding passesadded)_l

ock is a code-block state variable. A separate Lblock is used for each-eode-block in the precinct.

of Lblock is initially set to three. The number of bytes contributedby each code-block is preceded by s

contains
odeword

ables D.8

segment

(B-19)

ignalling

sufficient.

If there ar & ones followed by a zero, the value of Lblock is increménted by k. While Lblock can only increase, t:re number

of bits uspd to signal the length of the code-block contributioh.can increase or decrease depending on the
coding papses included.
1 — For example, say that in successive layers a code<block has 6 bytes, 31 bytes, 44 bytes and 134 bytes rdspectively.

NOTE
Furthe
00111
10110

NOTE

B.10.7.2

Let Tbe tk
and D.9. ]
be the ind
The first |
pass n1. T|
through n
number o

NOTE
are the

assume that the number of coding passes is 1, 9, 2-and 5. The code for each would be 0 110 (0 delimits and
1 (0 delimits, logz 9 = 3 bits for the 9 coding passes, 011111 =31), 11 0 101100 (110 adds two bits to Lblock, |l
=44)and 1 0 10000110 (10 adds one bit tokblock, log2 5 =2, 10000110 = 134).

2 — There is no requirement that the minimum number of bits be used to signal length (any number is valid).

Multiple codeword segments

he set of indices of terminated-coding passes included for the code-block in the packet as indicated in
f the index final coding'pass included in the packet is not a member of 7, then it is added to 7. Let n

cleanup pass of bit-plane number 4 through the significance propagation pass of bit-plane number 6 (see Table D

passes

prondexed as {0, 1, 2, 3, 4} and the lengths are given as {6, 31, 44, 134, 192} respectively. Then 7= {0, 2, 3, 4

umber of

110 = 6),
og22=1,

ables D.8

<..<ng

ices in T. K lengthssarg signalled consecutively with each length using the mechanism described in|B.10.7.1.
length is the number,o0f bytes from the start of the code-block's contribution in this packet to the end|of coding
he number of added coding passes for the purposes of Equation (B-19) is the number of passes in the[packet up
. The second.length is the number of bytes from the end of coding pass, 71, to the end of coding pags, n,. The
Fadded cdding passes for the purposes of Equation (B-19) is n; — n1. This procedure is repeated for all K lengths.

- Consider the selective arithmetic coding bypass (see D.6). Say that the passes included in a packet for a given pode-block

.9). These
and K=4

lengths are signalled. The set of lengths to be signalled is {6, 75, 134, 192} and the corresponding number of coding passes that
are added is {1, 2, 1, 1}. A valid code bit sequence is 11 1110 (Lblock increased to 8), 0000 0110 (log21 = 0, 8 bits used to code
length of 6), 0 0100 1011 (log22 = 1, 9 bits used to code the length of 75), 1000 0110 (log21 = 0, 8 bits used to code the length of
134) and 1100 0000 (log21 = 0, 8 bits used to code the length of 192). Notice that the value of Lblock is incremented only at the
start of the sequence.

B.10.8

Order of information within packet header

The following is the packet header information order for one packet of a specific layer, tile-component, resolution level
and precinct.

bit for zero or non-zero length packet
for each sub-band (LL or HL, LH and HH)

for all code-blocks in this sub-band confined to the relevant precinct, in raster order
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code-block inclusion bits (if not previously included then tag tree, else one bit)

if code-block included

if first instance of code-block

zero bit-planes information

number of coding passes included

increase of code-block length indicator (Lblock)
for each codeword segment

length of codeword segment

The packet header may be immediately followed by the EPH marker as described in A.8.2. The EPH marker may appear
regardless of whether the packet contains any code-block contributions. In the event that the packet header appears in a

PPM or PPT marker segment, the EPH marker (if used) must appear together with the packet header.

NOTE}- Figure B.13 and Table B.5 show a brief example of packet header construction. Figure B.13 shows the informa
to the pncoder. In particular the "inclusion information" shows the layer where each code-block first appeatstin a packet. The
decoddr will receive this information via the inclusion tag tree in several packet headers. Table B.5 shows the resulting bit stream
(in parf) from this information.

ion known

Incjusion information Zero bit-planes # of coding passes (layer 0)  Kength information (Ilpyer 0)
0 0 2 3 4 7 3 2 - 4 4 -
2 1 1 3 3 6 - - - - - -
Ihclusion tag tree Zero bit-planes tag tree # of cading passes (layer 1) Length information (lpyer 1)
0 1 3 6 3 - - 10 - -
- 1 1 - 1 2
T.800(1P)_FB.13
0 3
Figure B.13 — Example of the information known to the encoder
Table B.5 — Example packet header bit stream
Bit streanrtimorder) Perived mreaming
1 Packet non-zero in length
111 Code-block 0, 0 included for the first time (partial inclusion tag tree)
000111 Code-block 0, 0 insignificant for 3 bit-planes
1100 Code-block 0, 0 has 3 coding passes included
0 Code-block 0, 0 length indicator is unchanged
0100 Code-block 0, 0 has 4 bytes, 4 bits are used, 3 + floor(logz 3)
1 Code-block 1, 0 included for the first time (partial inclusion tag tree)
01 Code-block 1, 0 insignificant for 4 bit-planes
10 Code-block 1, 0 has 2 coding passes included
10 Code-block 1, 0 length indicator is increased by 1 bit (3 to 4)
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Table B.5 — Example packet header bit stream

Bit stream (in order) Derived meaning

00100 Code-block 1, 0 has 4 bytes, 5 bits are used 4 + floor(logz 2),
(Note that while this is a legitimate entry, it is not minimal in code length.)

Code-block 2, 0 not yet included (partial tag tree)

Code-block 0, 1 not yet included

Code-block 1, 1 not yet included

Code-block 2, 1 not yet included (no data needed, already conveyed by partial tag tree for code-block 2, 0)

oo Packet header data for the other sub-bands, packet data
Packet for the next layer

1 Packet non-zero in length

1 Code-block 0, 0 included again
1100 Code-block 0, 0 has 3 coding passes included

0 Code-block 0, 0 length indicator is unchanged
1910 Code-block 0, 0 has 10 bytes, 3 + log2 (3) bits used

0 Code-block 1, 0 not included in this layer

10 Code-block 2, 0 not yet included

0 Code-block 0, 1 not yet included

1 Code-block 1, 1 included for the first time

1 Code-block 1, 1 insignificant for 3 bit-planes

0 Code-block 1, 1 has 1 coding pass included

0 Code-block 1, 1 length information is unchanged
Jo1 Code-block 1, 1 has 1 byte, 3 + logz (1) bits used

1 Code-block 2, 1 included for the first time

0qo11 Code-block 2, 1 insignificant for 6 bit-planes

0 Code-block 2, 1 has 1 coding pass in¢luded

0 Code-block 2, 1 length indicator.issunchanged
q1o Code-block 2, 1 has 2 bytes, 3.5%"1log> 1 bits used

oo Packet header data for the other sub-bands, packet data

B.11  [Tile and tile-parts

Each cod¢d tile is represented by ‘a.sequence of packets. The rules governing the order that the packets of a tile appear
within thg codestream is specitied in B.12. It is possible for a tile to contain no packets, in the event that no sanjples from
any imag¢ component map tothe region occupied by the tile on the reference grid.

Any tile's|representation 'may be truncated by discarding one or more trailing bytes. Also, any number of whole packets
(in order)|may be_dropped and the final packet appearing in the tile may be partially truncated. The tile length marker
segment fjarameters shall reflect this.

The sequ¢née’of packets representing any particular tile may be divided into contiguous segments known as [tile-parts.

Any number-of- Paul\\,to (;uv}udiué L\AU) may be-contatned-tratie Paft. Eachte-musteontatnatteastonete part. The
divisions between tile-parts must occur at packet boundaries. While tiles are coherent geometric areas, the tile-parts may
be distributed throughout the codestream in any desired fashion, provided tile-parts from the same tile appear in the order
that preserves the original packet sequence. Each tile-part commences with an SOT marker segment (see A.4.2),
containing the index of the tile to which the tile-part belongs.

NOTE - It is possible to interleave tile-parts from different tiles, as long as the order of the tile-parts from every tile is preserved.
For example, a legitimate codestream might have the following order:

—  Tile number 0, tile-part number 0;
—  Tile number 1, tile-part number 0;
—  Tile number 0, tile-part number 1;
—  Tile number 1, tile-part number 1;

- etc.
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If SOP marker segments are allowed (by signalling in the COD marker segment, see A.6.1), each packet in any given
tile-part may be appended with an SOP marker segment (see A.8.1). However, whether or not the SOP marker segment
is used, the count in the Nsop is incremented for each packet. If the packet headers are moved to a PPM or to PPT marker
segments (see A.7.4 and A.7.5), then the SOP marker segments may appear immediately before the packet body in the
tile-part compressed image data portion.

If EPH markers are required (by signalling in the COD marker segment, see A.6.1), each packet header in any given
tile-part shall be postpended with an EPH marker segment (see A.8.2). If the packet headers are moved to a PPM or to
PPT marker segments (see A.7.4 and A.7.5), then the EPH markers shall appear after the packet headers in the PPM or
PPT marker segments.

B.12  Progression order

For a given tile-part, the packets contain all compressed image data from a specific layer, a specific component, a specific

resolutio 1\.«\/\.«} alld d Dl.}\.«\,;fl\, l_ll\.«\/;ll\.«t. T}l\u Uld\.«l ;11 W}l;\u}l t}l\.«D\.« Pa\/}\\.«tb alrv fUulld ill t}l\.« \yUd\yDtl\yﬂlll ) .«alled the
progressign order. The ordering of the packets can progress along four axes: layer, component, resolutien|level and
precinct.

It is posgible that components have a different number of resolution levels. In this case, the teselution [level that
corresponlds to the NV;LL sub-band is the first resolution level (» = 0) for all components. The indices are synchronized
from that point on.

NOTE}-For example, take the case of resolution level-position-component-layer progression anditwo' components with T resolution
levels (6 decomposition levels) and 3 resolution levels (2 decomposition levels) respectively. Fhe = 0 will correspond fo the NZ.LL
sub-band of both components. From = 0 to » = 2 the components will be interleaved as described below. From » =3 t¢ » = 6 only
compohent 0 will have packets.

B.12.1 |Progression order determination

The COD| marker segments signal which of the five progression orders areyused (see A.6.1). The progression|order can
also be overridden with the POC marker segment (see A.6.6) in any tile<part header. For each of the possible pfogression
orders thel mechanism to determine the order in which packets are included is described below.

B.12.1.1 [Layer-resolution level-component-position progression
Layer-resplution level-component-position progression is defined as the interleaving of the packets in the following order:
for each/=0,..., L —1
for each r=0,..., Nyax
for each i =0,..., Csiz — 1
for each k = O, numprecincts — 1
packet.for.component i, resolution level r, layer / and precinct £.

Here, L is|the number of layers and Ny, is the maximum number of decomposition levels, N;, used in any conjponent of
the tile. A|progression of this type might be useful when low sample accuracy is most desirable, but information|is needed
for all cothponents.

B.12.1.2 [Resolution level-layer-component-position progression

Resolution ley€l-layer-component-position progression is defined as the interleaving of the packets in the following order:

foréach r=0 N

foreach/=0,..., L —1
foreachi=0,..., Csiz — 1
for each k = 0,..., numprecincts — 1
packet for component i, resolution level r, layer / and precinct k.

A progression of this type might be useful in providing low resolution level versions of all image components.
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B.12.1.3 Resolution level-position-component-layer progression
Resolution level-position-component-layer progression is defined as the interleaving of the packets in the following order:
for each r=0,..., Nyax
for each y = tyo,..., ty1 — 1,
for each x = tx,..., tx; — 1,

for each i =0,..., Csiz — 1

if (v divisible by YRsiz (i) 2PP0 DTN =) R (3 = ty) AND (tryo - 2V:0- NOT
divisible by 272+ Ni()=ry)

if (x divisible by XRsiz() - o PPx(r i)+ NL(I')—V) OR (v = txg) AND (frg—- 2L =" NOT
divisible by 2PPX( )+ Ni(i)=r )
for the next precinct, k, if one exists,
foreach/=0,..., L -1
packet for component i, resolution level 7, layer / and precinct £.

In the abgve, k£ can be obtained from:

bl
Il
- 1

X
N Rsiz(i)- 2"~ W trx,
2 PP; (1) - 2PPx(r,i)

o\
(YRsiz(i)'ZNLr—‘ _L 7% J (B-20)
A

J—i— numprecina‘swids{r, i)~ PR

To use this progression, XRsiz and YRsiz values must be powets.of two for each component. A progression of this type
might be yiseful in providing low resolution level versions of all image components at a particular spatial locatjon.

NOTE| - The iteration of variables x and y in the abgvesformulation is given for the simplicity only of exprfssion, not
implenentation. Most of the (x, y) pairs generated by this loop will generally result in the inclusion of no packets. More efficient
iterations can be found based upon the minimum of the dimensions of the various precincts, mapped into the referencg¢ grid. This
note alpo applies to the loops given for the following'two progressions.

B.12.1.4 |Position-component-resolution level-layer progression
Position-dJomponent-resolution level-layer progression is defined as the interleaving of the packets in the followjing order:
for each y = ty,..., tvi —,
for each x = txd... ) 'tx1 — 1,
for eagh;i=0,..., Csiz — 1
for each = 0,..., N; where N; is the number of decomposition levels for component

if (0 divisible by YRsiz() - 2720 Ne)=7) OR (= 1y0) AND (13 - 2720 ~7 NoOT
divisible by 2P D)+ NL(D)=r )

if ((x divisible by XRsiz(i) - 2P D+ NL@) =7y Op (= o) AND (10 - 210 =" NoT
divisible by 2PPx(rsi)+ N(0)=r ),
for the next precinct, &, if one exists, in the sequence shown in Figure B.8
foreach/=0,...,L—1
packet for component i, resolution level r, layer / and precinct k.

In the above, k can be obtained from Equation (B-20). To use this progression, XRsiz and YRsiz values shall be powers
of two for each component. A progression of this type might be useful in providing high sample accuracy for a particular
spatial location in all components.
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B.12.1.5 Component-position-resolution level-layer progression

Component-position-resolution level-layer progression is defined as the interleaving of the packets in the following order:

foreachi=0,..., Csiz— 1

for each y = tyo,..., ty1 — 1,
for each x = tx,..., tx; — 1,
for each r =0,..., N; where N is the number of decomposition levels for component i,
if (v divisible by YRsiz(i) - 2PPY D+ NL@=ry OR (= tyo) AND (0 - 2V2 0
divisible by 277V )+ NL(i)=7 )

if ((x divisible by XRsiz(i) - 2FPH )+ Ny

In the ab

B.12.2 |Progression order volumes

The prog
progressi

If this pr
described
LEpoc, e
order voli
ever reped
level and

Thus, the

divisible by 2PPH D)+ NL(@D)=r )
for the next precinct, k, if one exists, in the sequence shown in Figure B8
foreach /=0,..,L -1

packet for component i, resolution level 7, layer / and preéinct k.

ession order default is signalled in the COD marker segment in the main header or tile headers (see A
n loops of B.12.1 all go from zero to the maximum value.

gression order is to be changed, the POC marker segmefit'is used (see A.6.6). In this case, the "
in B.12.1 are limited by start points (CSpoc, RSpoc, Layer = 0, inclusive) and end points (CEpoc, R
clusive). This creates a progression order volume of packets. All the packets included in the entire p1
ime are found in order in the codestream before thewnext progression order change takes effect. No
ted in the codestream. Therefore, the layer always'starts with the next one for a given tile-component,
precinct. The decoder is required to determine the next layer.

variables in the above loops are bounded\by the progression order volume as described in Equation (
CSpod <i< CEpod

RSpod <r < REpod
0 < /< LEpod

)*’NOT

()= ) OR (G = £xg) AND (s - 2V =7 NoT

ve, k can be obtained from Equation (B-20). A progression of this type mightbe useful in providing high
accuracy for a particular spatial location in a particular image component.

.6.1). The

for loops"
[Epoc and
ogression
packet is
resolution

B-21).

(B-21)

ts are sent
y sent.

NOTE(- Figure B.14 shows/an‘example of two progression volumes for a single component image. First packets jare sent in
resolutfon level-layer-component-position progression until the box labelled "First" in the figure is complete; then pac\f
in layer-resolution levelscomponent-position progression for the layers of all resolution levels which were not previou
Resolution level
(0, 0) >
First 4
Second
e
3 v v e
3
4 >
&« »
v
T.800(19)_FB.14
Figure B.14 — Example of progression order volume in two dimensions
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B.12.3  Progression order change signalling

If there is a progression order change, then at least one POC marker segment shall be used in the codestream (see A.6.6).
There can only be one POC marker segment in a given header (main or tile-part) but that marker segment can describe
many progression order changes.

If the POC marker segment is found in the main header, it overrides the progression found in the COD for all tiles. The
main header POC marker segment is used for tiles that do not have POC marker segments in their tile-part headers.

If a POC marker segment is used for an individual tile, there shall be a POC marker in the first tile-part header of that tile
and all of the progression order changes shall be signalled in the tile-part headers of that tile. The COD progression order
and the main header POC marker segment (if there is one) are overridden.

If there are progression order changes signalled by POC marker segments (whether in the main header or the tile-part
headers), then all the order of all the packets in the codestream, or the affected tile-parts of the codestream shall be
described hy progression order volumes in the POC marker segments There will never be the case where a progression
order volyme is filled and the next one is not defined. On the other hand, the POC marker segments may desdribe more
progressi¢n order volumes than exist in the codestream. Also, the last progression order volume in each tile may be
incomplete.

The POC| marker segments shall describe progression order volumes in order in any tile-part theader beforg the first
included packet appears. However, the POC marker may be, but is not required to be, in the tiletpart header immediately
before the progression order volume is used. It is possible to describe many progression order¥olumes in a tile-part header
even thouh these progression order volumes do not appear until later tile-parts.
NOTE}- For example, all of the progression order volumes can be described as one POC matker'segment in the first tile-part header
of a til¢. Figure B.15a shows this scenario. Equally acceptable, in this case, is describing\two’progression order volumey in the first
tile-pait header and one in the third, as shown in Figure B.15b.

\J
POC povi || pov2 |, POV cont. .. POV3
Tile-part 0 Tile-part 1 Tile-part 2

a)|All of the progression order volumes are described in the’ POC marker segments in the first tile-part header

POC POVI | ‘ POV2 POV?2 cont. POC Pav3

Tile-part 0 Tile-part 1 Tile-part 2
T.800(19)_FB.15

b) Progression order volumes 1. and 2 are described in the POC marker segments in the first tile-part heade¢r,
progression order volume 3 described in the third tile-part header

Figure)B.15 — Example of the placement of POC marker segments
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Annex C

Arithmetic entropy coding

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex, the flow charts and tables are normative only in the sense that they are defining an output that alternative
implementations shall duplicate.

C.1 Binary encoding (informative)

Figure C.1 shows a simple block diagram of the binary adaptive arithmetic encoder. The decision (D) and context (CX)
pairs are processed together to produce compressed image data (CD) output. Both D and CX are provided by the model
unit (not shown). CX selects the probability estimate to use during the coding of D. In this Recommendation |dnternational
Standard, [CX is a label for a context.

Db
CD
ENCODER |——»
cX

T.800(15)_FC.1

Figure C.1 — Arithmetic encoder inputs and-outputs

C.1.1 Recursive interval subdivision (informative)

The recurfive probability interval subdivision of Elias coding is the ba$is for the binary arithmetic coding pro¢ess. With
each binafy decision the current probability interval is subdivideddnto‘two sub-intervals, and the code string i modified
(if necessfiry) so that it points to the base (the lower bound) of the probability sub-interval assigned to the symbol which
occurred.

In the partitioning of the current interval into two sub-intérvals, the sub-interval for the more probable symbo] (MPS) is
ordered above the sub-interval for the less probablé, symbol (LPS). Therefore, when the MPS is coded| the LPS
sub-interyal is added to the code string. This coding,convention requires that symbols be recognized as eithgr MPS or
LPS, rather than 0 or 1. Consequently, the size of‘the LPS interval and the sense of the MPS for each decision must be
known injorder to code that decision.

Since the pode string always points to the base of the current interval, the decoding process is a matter of deternjining, for
each decifion, which sub-interval is poirted to by the compressed image data. This is also done recursively,|using the
same intefval sub-division process as.in the encoder. Each time a decision is decoded, the decoder subtracts arly interval
the encodgr added to the code stting. Therefore, the code string in the decoder is a pointer into the current intervial relative
to the bas¢ of the current interval. Since the coding process involves addition of binary fractions rather than con¢atenation
of integer| code words, the more probable binary decisions can often be coded at a cost of much less than gne bit per
decision.

C.1.2 Coding'conventions and approximations (informative)

The coding eperations are done using fixed precision integer arithmetic and using an integer representation oflfractional
values in which 0x8000 is equivalent to the decimal 0.75. The interval A is kept in the range 0.75 < A < 1.5 by doubling
it whenever the integer value falls below 0x8000.

The code register C is also doubled each time A is doubled. Periodically, to keep C from overflowing, a byte of
compressed image data is removed from the high order bits of the C-register and placed in an external compressed image
data buffer. Carry-over into the external buffer is prevented by a bit-stuffing procedure.

Keeping A in the range 0.75 < A < 1.5 allows a simple arithmetic approximation to be used in the interval subdivision.
The interval is A and the current estimate of the LPS probability is Qe, a precise calculation of the sub-intervals would
require:

A — (Qe * A) = sub-interval for the MPS (C-1)

Qe * A = sub-interval for the LPS (C-2)
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Because the value of A is of order unity, these are approximated by:

A — Qe = sub-interval for the MPS (C-3)
Qe = sub-interval for the LPS (C4)

Whenever the MPS is coded, the value of Qe is added to the code register and the interval is reduced to A — Qe. Whenever
the LPS is coded, the code register is left unchanged and the interval is reduced to Qe. The precision range required for
A is then restored, if necessary, by renormalization of both A and C.

With the process illustrated above, the approximations in the interval subdivision process can sometimes make the LPS
sub-interval larger than the MPS sub-interval. If, for example, the value of Qe is 0.5 and A is at the minimum allowed
value of 0.75, the approximate scaling gives 1/3 of the interval to the MPS and 2/3 to the LPS. To avoid this size inversion,
the MPS and LPS intervals are exchanged whenever the LPS interval is larger than the MPS interval. This MPS/LPS

s 1 1 1 1 T 11
conditiongt TXTITAITZT Talr 01y OCTUTl WITCIT & TCHTOTIITAITZatIoN Is ecuca.

Whenever a renormalization occurs, a probability estimation process is invoked which determines a new pirobability
estimate for the context currently being coded. No explicit symbol counts are needed for the estimation. THe relative
probabilitfes of renormalization after coding an LPS or MPS provide an approximate symbol counting mechanism which
is used to|directly estimate the probabilities.

C.2 [Description of the arithmetic encoder (informative)

The ENCDDER (Figure C.2) initializes the encoder through the INITENC procedure{€X and D pairs are read gnd passed
on to ENQODE until all pairs have been read. The probability estimation procedures which provide adaptive estimates of
the probability for each context are embedded in ENCODE. Bytes of compressed-image data are output when pecessary.
When all pf the CX and D pairs have been read, FLUSH sets the contents of the' C-register to as many 1 bits as possible
and then gutputs the final bytes. FLUSH also terminates the encoding and@enerates the required terminating marker.

NOTE}- While FLUSH is required in Rec. ITU-T T.88 | ISO/IEC 14492+it{s informative in this Recommendation | Iffternational
Standald. Other methods, such as that defined in D.4.2, are acceptabler
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ENCODER

INITENC

C.21

ENCODE

No

FLUSH

Done

T.800(19)_FC.2

Figuré.€.2 — Encoder for the MQ-coder

[Encoder code register conyéntions (informative)

The flow pharts given in this annex assume the register structures for the encoder shown in Table C.1.

The "a" b
the code reg

Table C.1 — Encoder register structures

MSB LSB
C-register 0000 cbbb bbbb bsss XXXX XXXX XXXX XXXX
A-register 0000 0000 0000 0000 laaa aaaa aaaa aaaa

ister. The '

hal bits in

's" bits are spacer bits which provide useful constraints on carry-over, and the "b" bits indicate the

bit positions from which the completed bytes of the compressed image data are removed from the C-register. The "c" bit
is a carry bit. The detailed description of bit stuffing and the handling of carry-over will be given in a later part of this

anncx.
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C.2.2 Encoding a decision (ENCODE) (informative)

The ENCODE procedure determines whether the decision D is a 0 or not. Then a CODEO or a CODE1 procedure is called
appropriately. Often embodiments will not have an ENCODE procedure, but will call the CODEO or CODEI procedures

directly to

code a 0-decision or a 1-decision. Figure C.3 shows this procedure.

ENCODE

No Yes

2

:>.

C.23

When a g
or it is thd
context. H
value are

CODE1 CODE0

I |

T.800(19). FC.3

Done

Figure C.3 — ENCODE proceduré

[Encoding a 1 or a 0 (CODE1 and CODEO) (informative)

stored. MPS(CX) is the sense (0 or 1) of the MPS for context CX.

CODE1

L

Yes

No ~Mps(cx) = 17 ]

}

CGODELPS CODEMPS

I |

T.800(19)_FC.4

© ISO

ven binary decision is coded, one of two possibilities occtirs)— the symbol is either the more probab)
less probable symbol. CODE1 and CODEQO are illustrated in Figures C.4 and C.5. In these figures,
or each context, the index of the probability estimate which is to be used in the coding operations an

le symbol
CX is the
the MPS

DOoncT

)

Figure C.4 — CODEI1 procedure
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CODE0
l No ~Mps(Cx) =09 >>Yes l
CODELPS CODEMPS
¢ 1.800(19) FC.5
Done

[Encoding an MPS or LPS (CODEMPS and CODELPS) (informative)

Figure C.5 — CODEO procedure

The CODELPS (Figure C.6) procedure usually consists of a scaling of the interval to{Q¢&(1(CX)), the probability estimate

of the LP§
to the low
the event
is coded.
MPS(CX

b determined from the index I stored for context CX. The upper interval.is\first calculated so it can be|compared
er interval to confirm that Qe has the smaller size. It is always followed-by a renormalization (RENORME). In
that the interval sizes are inverted however, the conditional MPS/LRS exchange occurs and the uppg¢r interval
In either case, the probability estimate is updated. If the SWITCH flag for the index I(CX) is set, then the

is inverted. A new index I is saved at CX as determined fronithe next LPS index (NLPS) column in Table C.2.

84
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CODELPS

A=A—Qe(I(CX))

!

NO_ ) < Qe(1(CX))? 288
| !

A= Qe(l(CX)) C=C+Qe(I{(CX))

Yes

SWITCH(I(CX))
=17

No

v

MPS(CX) = 1 - MPS(CX)

1(CX) = NLPS(I(CX))

I

RENORME

Done

T.800(19) FC.6

Figure €.6 — CODELPS procedure with conditional MPS/LPS exchange

Table C.2 — Qe values and probability estimation

Qe _Value
Index NMPS NLPS SWITCH
(hexadecimal) (hinary) (decimal)
0 0x5601 0101 0110 0000 0001 0.503 937 1 1 1
1 0x3401 0011 0100 0000 0001 0.304 715 2 6 0
2 0x1801 0001 1000 0000 0001 0.140 650 3 9 0
3 0x0ACI1 0000 1010 1100 0001 0.063 012 4 12 0
4 0x0521 0000 0101 0010 0001 0.030 053 5 29 0
5 0x0221 0000 0010 0010 0001 0.012 474 38 33 0
6 0x5601 0101 0110 0000 0001 0.503 937 7 6 1
7 0x5401 0101 0100 0000 0001 0.492 218 8 14 0
8 0x4801 0100 1000 0000 0001 0.421 904 9 14 0
9 0x3801 0011 1000 0000 0001 0.328 153 10 14 0
10 0x3001 0011 0000 0000 0001 0.281 277 11 17 0
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Table C.2 — Qe values and probability estimation

Qe_Value
Index NMPS NLPS SWITCH
(hexadecimal) (binary) (decimal)
11 0x2401 0010 0100 0000 0001 0.210 964 12 18 0
12 0x1C01 0001 1100 0000 0001 0.164 088 13 20 0
13 0x1601 0001 0110 0000 0001 0.128 931 29 21 0
14 0x5601 0101 0110 0000 0001 0.503 937 15 14 1
15 0x5401 0101 0100 0000 0001 0.492 218 16 14 0
16 0x5101 0101 0001 0000 0001 0.474 640 17 15 0
17 Ox486+ 6166-1060-0060-0061 6421504 18 16 0
18 0x3801 0011 1000 0000 0001 0.328 153 19 17 0
19 0x3401 0011 0100 0000 0001 0.304 715 20 18 0
20 0x3001 0011 0000 0000 0001 0.281 277 21 19 0
21 0x2801 0010 1000 0000 0001 0.234 401 22 19 0
22 0x2401 0010 0100 0000 0001 0.210 964 23 20 0
23 0x2201 0010 0010 0000 0001 0.199 245 24 21 0
24 0x1CO01 0001 1100 0000 0001 0.164 088 25 22 0
25 0x1801 0001 1000 0000 0001 0.140 650 26 23 0
26 0x1601 0001 0110 0000 0001 0.128 931 27 24 0
27 0x1401 0001 0100 0000 0001 0.117 212 28 25 0
28 0x1201 0001 0010 0000 0001 0.105 493 29 26 0
29 0x1101 0001 0001 0000 0001 0.099 634 30 27 0
30 0x0AC1 0000 1010 1100 0001 0.063 012 31 28 0
31 0x09C1 0000 1001 1100 0001 0.057 153 32 29 0
32 0x08A1 0000 1000 1010 0001 0.050 561 33 30 0
33 0x0521 0000 0101 0010 0001 0.030 053 34 31 0
34 0x0441 0000 0100 0100.0001 0.024 926 35 32 0
35 0x02A1 0000 0010 10100001 0.015 404 36 33 0
36 0x0221 0000 0010 0010 0001 0.012 474 37 34 0
37 0x0141 00000001 0100 0001 0.007 347 38 35 0
38 0x0111 0000 0001 0001 0001 0.006 249 39 36 0
39 0x0085 0000 0000 1000 0101 0.003 044 40 37 0
40 0x0049 0000 0000 0100 1001 0.001 671 41 38 0
41 0x002¢6 0000 0000 0010 0101 0.000 847 42 39 0
42 0x0015 0000 0000 0001 0101 0.000 481 43 40 0
43 0x0009 0000 0000 0000 1001 0.000 206 44 41 0
44 0x0005 0000 0000 0000 0101 0.000 114 45 42 0
45 0x0001 0000 0000 0000 0001 0.000 023 45 43 0
46 0x5601 0101 0110 0000 0001 0.503 937 46 46 0

C.2.5  Probability estimation

Table C.2 shows the Qe value associated with each Qe index. The Qe values are expressed as hexadecimal integers, as
binary integers and as decimal fractions. To convert the 15-bit integer representation of Qe to the decimal probability, the
Qe values are divided by (4/3) * (0x8000).

The estimator can be defined as a finite-state machine — a table of Qe indexes and associated next states for each type of
renormalization (i.e., new table positions) — as shown in Table C.2. The change in state occurs only when the arithmetic
coder interval register is renormalized. This is always done after coding the LPS and whenever the interval register is less
than 0x8000 (0.75 in decimal notation) after coding the MPS.

After an LPS renormalization, NLPS gives the new index for the LPS probability estimate. If the switch is 1, the MPS
symbol sense is reversed.
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CODEMPS

A=A-Qe(I(CX))

Yes
A AND 0x8000 = 0?

A

C=C+Qe(I(CX)) No 72« Qe(I(CX))>>Yes

A

C=C+ Qe(I(CX)) A = Qe(I(CX))

|

A

1(CX) = NMPS(I(CX))

i 9

RENORME

Done

T.800(15)_FC.7

Figure C.7 - CODEMPS. procedure with conditional MPS/LPS exchange

The index to the current estimate is partyof the information stored for context CX. This index is used as the inflex to the
table of values in NMPS, which gives the next index for an MPS renormalization. This index is saved in tle context
storage at|CX. MPS(CX) does not\change.

The procedure for estimating the probability on the LPS renormalization path is similar to that of an MPS renornpalization,
except thgt when SWITCH(I(CX)) is 1, the sense of MPS(CX) is inverted.

The final jndex state46 can be used to establish a fixed 0.5 probability estimate.

C.2.6 Renormalization in the encoder (RENORME) (informative)

Renormallization is very similar in both encoder and decoder, except that in the encoder it generates compressdd bits and
in the decoder it consumes compressed bits.

The RENORME procedure for the encoder renormalization is illustrated in Figure C.8. Both the interval register A and
the code register C are shifted, one bit at a time. The number of shifts is counted in the counter CT, and when CT is
counted down to zero, a byte of compressed image data is removed from C by the procedure BY TEOUT. Renormalization
continues until A is no longer less than 0x8000.
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RENORME

A=A<<]
C=C<<1
CT=CT-1

}

CT=0?

l Yes

BYTEOUT

No

T.800(19)_FC.8

Figure C.8 — Encoder rénormalization procedure

C.2.7 Compressed image data output (BYTEOUT) (informative)

The BYT[EOUT routine called from RENORME"is illustrated in Figure C.9. This routine contains the bjt-stuffing
procedurgs which are needed to limit carry. propagation into the completed bytes of compressed image |data. The
conventions used make it impossible for alcarry to propagate through more than the byte most recently wriften to the
compress¢d image data buffer.
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C < 0x8000000?
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The procq
is for the
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If the carn
need for |
removed 1

B=B+1

No

Yes

C = CAND 0x7FFFFFF

A

BP=BP+ |
B=C>>19

A

C =C AND 0x7FFFF
CT=8

A 4

Done

BP=BP + |
B=C>>20
C = C AND OxFFFFF
CT=7

T.800(15)_FC.9

Figure-C.9 - BYTEOUT procedure for encoder

dure in the block in thetower right section does bit stuffing after a OxFF byte; the similar procedure

ase where bit stuffing’is not needed.

bte pointed to bysthe compressed image data buffer pointer BP. If B is not a OXFF byte, the carry bit i
y bit is set;~itiS added to B and B is again checked to see if a bit needs to be stuffed in the next byte
it stuffing-has been determined, the appropriate path is chosen, BP is incremented and the new val

rom the'code register "b" bits.

C.2.8

Initialization of {1 ler (INITENC) (ing ive)

bn the left

checked.
After the
ue of B is

The INITENC procedure is used to start the arithmetic coder. After MPS and I are initialized, the basic steps are shown
in Figure C.10.
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INITENC

A =0x8000
Cc=0
BP=BPST - 1
CT=12

I

B = OxFF?

lYes

CT=13

Done

T.800(19). Fe710

Figure C.10 — Initialization of the encoder

The interyal register and code register are set to their initial values, and the bit counter is set. Setting CT = 12 rgflects the
fact that tlere are three spacer bits in the register which need to\be filled before the field from which the bytes ar¢ removed
is reached. BP always points to the byte preceding the pesition BPST where the first byte is placed. Therefpre, if the
preceding| byte is a OxFF byte, a spurious bit stuff will oecur, but can be compensated for by increasing CT. The initial
settings fqr MPS and I are shown in Table D.7.

C.29 [Termination of coding (FLUSH) (informative)

The FLUBH procedure shown in Figure €1 is used to terminate the encoding operations and generate th¢ required
terminatir)jg marker. The procedure guatantees that the OXFF prefix to the marker code overlaps the final Bits of the
compress¢d image data. This guarantees'that any marker code at the end of the compressed image data will be rpcognized
and interpreted before decoding iSicomplete.
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FLUSH

SETBITS

}

C=C<<(CT

I

BYTEOUT

!

C=C=<<(CT

!

BYTEOUT

Yes

No

BP=BP+1 Discard B

T.800(19)_FC.11

Figure C.11 — FLUSH procedure

The first part of the FLUSH procedure sets as many bits in the C-register to 1 as possible as shown in Figure C.12. The
exclusive upper bound for the C-register is the sum of the C-register and the interval register. The low order 16 bits of C

are forced to 1, and the result is compared to the upper bound. If C is too big, the leading 1-bit is removed, reducing C to
a value which is within the interval.
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SETBITS

TEMP=C+A
C = C OR OxFFFF

No > TEMPC?

The byte
0xFF ther]

NOTE
bit stre]

C3

Figure C.
a context
decision ]|

YCS

A 4

C=C-0x8000

Done
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Figure C.12 — Setting the final bits in thé.C register

n the C-register is then completed by shifting C, and twolbytes are then removed. If the byte in buff
it is discarded. Otherwise, buffer B is output to the bit'stream.

— This is the only normative option for termination in Rec. ITU-T T.88 | ISO/IEC 14492. However, further redu
hm is allowed in this Recommendation | International Standard provided correct decoding is assured (see D.4.2)

Arithmetic decoding procedure

|3 shows a simple block diagram of.a-binary adaptive arithmetic decoder. The compressed image da
CX from the decoder's model unit-(not shown) are input to the arithmetic decoder. The decoder's ou

D. The encoder and decoder miodel units need to supply exactly the same context CX for each given d
CD
DECODER  |—2—»
CX

T.800(15)_FC.13

Figure C.13 — Arithmetic decoder inputs and outputs

er B is an

ttion of the

a CD and
Iput is the
ecision.

The DECODER (Figure C.14) initializes the decoder through INITDEC. Contexts, CX and bytes of compressed image
data (as needed) are read and passed on to DECODE until all contexts have been read. The DECODE routine decodes the
binary decision D and returns a value of either 0 or 1. The probability estimation procedures which provide adaptive
estimates of the probability for each context are embedded in DECODE. When all contexts have been read, the
compressed image data has been decompressed.
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DECODER

INITDEC

Read CX

D=DECODE

Done

T.800(19)_FC.14

Figure C.14 — Decoder for the MQ-coder

C3.1 Decoder code register conventions

The flow pharts given in this annex assume the registér structures for the decoder shown in Table C.3.

Table C.3 — Decoder register structures

MSB LSB
Chigh register XXXX XXXX XXXX XXXX
Clow register bbbb bbbb 0000 0000
A-register aaaa aaaa aaaa aaaa

Chigh and Clow can-.b¢ thought of as one 32-bit C-register in that renormalization of C shifts a bit of new datg from the
MSB of (low to the-LSB of Chigh. However, the decoding comparisons use Chigh alone. New data is insertdd into the
"b" bits of Clow one byte at a time.

The detailed\d€scription of the handling of data with stuff-bits will be given later in this annex.

Note that the comparisons shown in the various procedures in this clause assume precisions greater than 16 bits. Logical
comparisons can be used with 16-bit precision.

C3.2 Decoding a decision (DECODE)

The decoder decodes one binary decision at a time. After decoding the decision, the decoder subtracts any amount from
the compressed image data that the encoder added. The amount left in the compressed image data is the offset from the
base of the current interval to the sub-interval allocated to all binary decisions not yet decoded. In the first test in the
DECODE procedure illustrated in Figure C.15 the Chigh register is compared to the size of the LPS sub-interval. Unless
a conditional exchange is needed, this test determines whether an MPS or LPS is decoded. If Chigh is logically greater
than or equal to the LPS probability estimate Qe for the current index I stored at CX, then Chigh is decremented by that
amount. If A is not less than 0x8000, then the MPS sense stored at CX is used to set the decoded decision D.
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DECODE

A=A-Qe(I(CX))

}

NO —TChigh < Qe(1(CX))? 18

.

Chigh = Chigh — Qe(I(CX))

A AND 0x8000 = 0?

D=MPS_EXCHANGE D= MPS(CX) D =LPS_EXCHANGE
RENORMD RENORMD
v
Return D

T.800(19)_FC.15

Figure C.15 — Decoding an MPS or an LPS

When a fenormalization.is needed, the MPS/LPS conditional exchange may have occurred. For the MPY path the
conditiongl exchangeprocedure is shown in Figure C.16. As long as the MPS sub-interval size A calculated 3s the first
step in Figure C.16%s/not logically less than the LPS probability estimate Qe(I(CX)), an MPS did occur and th¢ decision
can be sef fromlm™MPS(CX). Then the index I(CX) is updated from the next MPS index (NMPS) column in Table C.2. If
however, [th€ LPS sub- 1nterva1 is larger the conditional exchange occurred and an LPS occurred. D is set by inverting

¢ e e sen ] e ndex [(CX)
from the next LPS 1ndex (NLPS) column in Table C 2. The probablhty estlmatlon in the decoder needs to be identical to
the probability estimation in the encoder.
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MPS_EXCHANGE

No Yes

l A < Qe(I(CX))? l
D = MPS(CX) ~
1(CX) = NMPS(I(CX)) D=1-MPS(CX)
Yes

SWITCH(I(CX)) = 17

MPS(CX) = 1 — MPS(CX)

A 4

1(CX) =NLPS(I(CX)

Return D

T.800(19)_FC.16

Figure C.16 — Decoder MPS path'conditional exchange procedure

For the LIPS path of the decoder, the conditional exehange procedure is given the LPS EXCHANGE procedurd shown in
Figure CJ17. The same logical comparison between the MPS sub-interval A and the LPS sub-interval Qe(I(CX))
determings if a conditional exchange occurred™~On both paths the new sub-interval A is set to Qe(I(CX)). On the left path
the condifional exchange occurred so the decision and update are for the MPS case. On the right path, the LP$ decision
and updatg are followed.
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Return D

T.800(19)_FC.17

Renormalization in the decoder (RENORMD)

Figure C.17 — Decoder LPS patlvconditional exchange procedure

DRMD procedure for the decoder renormalization is illustrated in Figure C.18. A counter keeps trjck of the
[ compressed bits in the Clow sectiofi'of the C-register. When CT is zero, a new byte is inserted intp Clow in
IN procedure. The C-register in this procedure is the concatenation of the Chigh and Clow registers.

nterval register A and the coderegister C are shifted, one bit at a time, until A is no longer less than §x8000.

Rec. ITU-T T.800 (06/2019)
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BYTEIN

C34

The BYT
compensg
at the end

© ISO

A=A<<]
C=C=<<1
CT=CT-1

A AND 0x8000 = 0?

Figure C.18 — Decoderxénormalization procedure

Compressed image data input (BYTEIN)

EIN procedure called from RENORMD-is illustrated in Figure C.19. This procedure reads in one by;
ting for any stuff bits following the'0xFF byte in the process. It also detects the marker codes which must occur
of'a coding pass. The C-register-in-this procedure is the concatenation of the Chigh and Clow registdr

T.800(19)_FC.18

BP=BP+ |
C=C+(B=<<8)

CT-=_8

A

r

BP=BP+1
C=C+(B=<<9)
CT=17

C=C + 0xFF00
CT=8

A 4
Done

T.800(19)_FC.19

Figure C.19 — BYTEIN procedure for decoder
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B is the byte pointed to by the compressed image data buffer pointer BP. If B is not a OXFF byte, BP is incremented and
the new value of B is inserted into the high order 8 bits of Clow.

If B is a OxFF byte, then B1 (the byte pointed to by BP+1) is tested. If Bl exceeds 0x8F, then B1 must be one of the
marker codes. The marker code is interpreted as required, and the buffer pointer remains pointed to the OXFF prefix of
the marker code which terminates the arithmetically compressed image data. 1-bits are then fed to the decoder until the
decoding is complete. This is shown by adding 0XFFO0O0 to the C-register and setting the bit counter CT to 8.

If B1 is not a marker code, then BP is incremented to point to the next byte which contains a stuffed bit. The B is added
to the C-register with an alignment such that the stuff bit (which contains any carry) is added to the low order bit of Chigh.

C.3.5 Initialization of the decoder (INITDEC)

The INITDEC procedure is used to start the arithmetic decoder. After MPS and I are initialized, the basic steps are shown
in Figure C.20.

INITDEC

BP = BPST
C=B<<16

l

BYTEIN

!

C=C<<7,
CT=CT¥Y
A =0x8000

Done

T.800(19)_FC.20

Figure C.20 — Initialization of the decoder

BP, the pginter to the eonipressed image data, is initialized to BPST (pointing to the first compressed byte). Thg first byte
of the compressed image data is shifted into the low order byte of Chigh, and a new byte is then read in. The [C-register
is then shifted by-"Abits and CT is decremented by 7, bringing the C-register into alignment with the starting vplue of A.
The interyal register A is set to match the starting value in the encoder. The initial settings for MPS and I are{ shown in
Table D.7.

C.3.6 Resetting arithmetic coding statistics

At certain points during the decoding some or all of the arithmetic coding statistics are reset. This process involves
returning [(CX) and MPS(CX) to their initial values as defined in Table D.7 for some or all values of CX.

C.3.7 Saving arithmetic coding statistics

In some cases, the decoder needs to save or restore some values of [(CX) and MPS(CX).
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Annex D

Coefficient bit modelling

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex, the flow charts and tables are normative only in the sense that they are defining an output that alternative
implementations shall duplicate.

This annex defines the modelling and scanning of transform coefficient bits.

Code-blocks (see Annex B) are decoded a bit-plane at a time starting from the most significant bit-plane with a non-zero
element to the least srgnrﬁcant bit-plane. F or each b1t plane ina code-block a special code-block scan pattern is used for

each of thee

significan|
the arithm

D.1

Each bit-|
first colur
code-blod]
column is|
4, the last]
of the cod

D.2

D.2.1
The deco

etic coder, CX, along with the bit stream, CD (see C.3).

(Code-block scan pattern within code-blocks

e-block scan pattern for a code-block.

Code-block 16 wide by N high

A
v

0 4 8 |12 |16 | 20 | 24 | 28 | 32 |/36v/] 40 | 44 | 48 | 52 | 56 | 60

1 5 9 | 13 | 17 | 21 | 25 | 29 |33»| 37 | 41 | 45 | 49 | 53 | 57 | 61

2 6 10 | 14 [ 18 [ 22| 26 | 30,%| 34 | 38 | 42 | 46 | 50 | 54 | 58 | 62

3 T 010 [ 15 (19| 23 |2D) 31 | 35 (39| 43 | 47 | 51 | 55 | 59 | 63

64

T.800(19)_FD.1

Figure D.1 — Example scan pattern of a code-block bit-plane

Coefficient)bits and significance

(Generalcase notations

bits whicl

S . appea asses called
ce propagatron magnltude reﬁnement and cleanup For each pass contexts are created Wthh aré_pfovided to

lane of a code-block is scanned in a particular order. Starting at the top left, the, fitst four coefficignts of the
hn are scanned, followed by the first four coefficients of the second column and $q on, until the right gide of the
k is reached. The scan then returns to the left of the code-block and the secofid, set of four coefficierjts in each
scanned. The process is continued to the bottom of the code-block. If the €@de-block height is not divisible by
set of coefficients scanned in each column will contain fewer than 4 members. Figure D.1 shows an example

hng procedures specrﬁed in thls annex produce for each transform coefﬁcrent (u, v) of sub band b the decoded
ga-Bit sp(u, v)

and a number Nb(u v) of decoded magnltude MSBs ordered from most to least 51gn1ﬁcant MSB (b u, v) is the ith MSB

of transform coefficient (u, v) of sub-band b (i =1,

., Ni(u, v)). As indicated in Equation (D-1), the sign bit sx(u, v) has a

value of one for negative coefficients and of zero for positive coefficients. The number Np(u, v) of decoded MSBs includes
the number of all zero most significant bit-planes signalled in the packet header (see B.10.5).
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D.2.2 Notation in the case with ROI

In the case of the presence of the RGN marker segment (indicating the presence of an ROI), modifications need to be
made to the decoded bits, as well as the number of decoded bits Nx(u, v). These modifications are specified in H.1. In the
absence of the RGN marker segment, no modification is required.

D.3 Decoding passes over the bit-planes

Each coefficient in a code-block has an associated binary state variable called its significance state. Significance states
are initialized to 0 (coefficient is insignificant) and may become 1 (coefficient is significant) during the course of the
decoding of the code-block. The "significance state" changes from insignificant to significant (see the clause below) at
the bit-plane where the most significant magnitude bit equal to 1 is found. The context vector for a given current
coefficient is the binary vector consisting of the significance states of its 8 nearest-neighbour coefficients, as shown in
Figure D.2. Any nearest neighbour lying outside the current coefficient's code-block is regarded as insignificant (i.e., it is

M M £ toata) L, 41 £ fn 4+ 4 4 £, d a 41 4 1
treated as TavVITE a ZCro StghreanceSstatc ror e PpurposcoTr Creatmga Contexrvectorroraccoamgecurrent efficient.

D, Vo D,

H, X H,

D, \s D,

T.800(19) FD.2

Figure D.2 — Neighbours states used to form the context

In general, a current coefficient can have 256 possible context vedtors. These are clustered into a smaller qumber of
contexts gccording to the rules specified below for context formation. Four different context formation rules arg defined,
one for eafh of the four coding passes: significance coding, sign eoding, magnitude refinement coding and cleanyip coding.
These codling operations are performed in three coding passes over each bit-plane: significance and sign c¢ding in a
significance propagation pass, magnitude refinement coding'in a magnitude refinement pass, and cleanup and sign coding
in a cleanfip pass. For a given coding operation, the context label (or context) provided to the arithmetic coding engine is
a label asgigned to the current coefficient's context.

NOTE([- Although (for the sake of concreteness) specific integers are used in the tables below for labelling contexts,| the tokens

used fdr context labels are implementation-dependent and their values are not mandated by this Recommendation | Injternational
Standafd.

The first Bit-plane within the current block with a non-zero element has a cleanup pass only. The remaining bit-planes are
decoded ip three coding passes. Each coefficient bit is decoded in exactly one of the three coding passes. Whjch pass a
coefficient bit is decoded in depends on the conditions for that pass. In general, the significance propagation pags includes
the coefficients that are predicted, or "most likely", to become significant and their sign bits, as appropfiate. The
magnitud¢ refinement pass includes bits from already significant coefficients. The cleanup pass includes all the femaining
coefficients.

D.3.1 Significance propagation decoding pass

The eight|surrounding neighbour coefficients of a current coefficient (shown in Figure D.2 where X denotes the current
coefficient)\are used to create a context vector that maps into one of the 9 contexts shown in Table D.1. If a cogfficient is
significant then it is given a 1 value for the creation of the context, otherwise it is given a 0 value. The mapping to the
contexts also depends on the sub-band.

Table D.1 — Contexts for the significance propagation and cleanup coding passes

LL and LH sub-bands HL sub-band HH sub-band Context
(vertical high-pass) (horizontal high-pass) (diagonally high-pass) label®
D H; DV > D D H; DV D, Z(Hl +Vi) D,
2 xb X X 2 X X >3
>1 X >1 1 X >1 2
1 0 >1 0 1 >1 0 2
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Table D.1 — Contexts for the significance propagation and cleanup coding passes

LL and LH sub-bands HL sub-band HH sub-band Context
(vertical high-pass) (horizontal high-pass) (diagonally high-pass) label®
1 0 0 0 1 0 >2 1 5
0 2 X 2 0 X 1 1 4
0 1 1 0 0 1 3
0 0 >2 0 0 >2 >2 0 2
0 0 1 0 0 1 1 0 1
0 0 0 0 0 0 0 0 0
3 Note that the context labels are indexed only for identification convenience in this Recommendation | International Standard.
The §ctual 1dentiiiers used 1s a matter of implementation.
b "x" ipdicates a "don't care" state.
The significance propagation pass only includes bits of coefficients that were insignificant (the significance stgte has yet
to be set) and have a non-zero context. All other coefficients are skipped. The context is delivered to thevarithmetlc decoder

(along wi
state is sej
state rem;

significanfce state for this coefficient is used.

D.3.2

The contg
of the con
the horiza

For the fij
three statd
with the §
is negatiV|
contributi
code-blog

Sign bit decoding

xt label for sign bit decoding is determined using another context vector from the neighbourhood. Co

ntal neighbours. The second step reduces those contributions/to one of 5 context labels.

st step, the two vertical neighbours (see Figure D.2) are<€onsidered together. Each neighbour may h

ame sign, or if only one is significant, then the vertical contribution is 1 if the sign is positive or —1

k they are considered to be insignificant. Table D.2 shows these contributions.

Table D.2 — Contributions of the vértical (and the horizontal) neighbours to the sign context

h the bit stream) and the decoded coefficient bit is returned. If the value of this bit is I*then the sig
t to 1 and the immediate next bit to be decoded is the sign bit for the coefficient, Otherwise, the sig
hins 0. When the contexts of successive coefficients and coding passes arelconsidered, the mo

text label can be viewed as a two-step process. The first step suthmarizes the contribution of the vg

s: significant positive, significant negative, or insignificant. If the two vertical neighbours are both 3

. If both vertical neighbours are insignificant, 6f;both are significant with different signs, then th
bn is 0. The horizontal contribution is created. the same way. Once again, if the neighbours fall o

rnificance
rnificance
St current

mputation
rtical and

ve one of
ignificant
if the sign
e vertical
utside the

VO (or HO) V1 (or H1) V (or H) contribution
significant, positive significant, positive 1
significant;negative significant, positive 0

insignificant significant, positive 1
significant, positive significant, negative 0
significant, negative significant, negative -1

insignificant significant, negative -1
significant, positive insignificant 1
significant, negative insignificant -1

insignificant insignificant 0

The second step reduces the nine permutations of the vertical and horizontal contributions into 5 context labels. Table D.3
shows these context labels. This context is provided to the arithmetic decoder with the bit stream. The bit returned, D
(see Annex C), is then logically exclusive ORed with the XORbit in Table D.3 to produce the sign bit. The following

equation i

s used:

signbit = D ® XORDbit

(D-1)

where signbit is the sign bit of the current coefficient (a one bit indicates a negative coefficient, a zero bit a positive
coefficient), D is the value returned from the arithmetic decoder given the context label and the bit stream, and the XORbit
is found in Table D.3 for the current context label.
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Table D.3 — Sign contexts from the vertical and horizontal contributions

CI(;Il?tl:iZ[?;tizln cor&.ﬁ:ﬁ:} on Context label XORbit
1 13 0
1 0 12 0
1 -1 11 0
0 1 10 0
0 0 9 0
0 -1 10 1
-1 1 11 1
-1 0 12 1
-1 -1 T3 T

Magnitude refinement pass

itude refinement pass includes the bits from coefficients that are already significant (exceptthose tha
gnificant in the immediately preceding significance propagation pass).

have just

xt used is determined by the summation of the significance state of the horiZemtal, vertical and diagonal
s. These are the states as currently known to the decoder, not the states used before the significancel decoding

pass. Furthermore, it is dependent on whether this is the first refinement bit (the bitimmediately after the significance

and sign Y

The contg
coefficien

D.3.4

its) or not. Table D.4 shows the three contexts for this pass.

Table D.4 — Contexts for the magnitude refinement coding passes

ZH' + ZV + ZD' First refinement for this coefficient Context label
1 1 1
x? false 16
>1 true 15
0 true 14
8 "x"indicates a "don't care" state.

t in the current bit-plane.

Cleanup pass

The remajining coefficients were prewiously insignificant and not handled by the significance propagation

cleanup p
a run-leng

During th
can now N
considere
contiguoy
(including
context is

hss not only uses the neighbour context, like that of the significance propagation pass, from Table D.
th context.

1 to be significant in the cleanup pass. Run-lengths are decoded with a unique single context. I
s coefficients in the column being scanned are all decoded in the cleanup pass and the context label

given to the arithmetic decoder along with the bit stream. If the symbol 0 is returned, then all four ¢

xt is passed to the arithmetic coder along with the bit stream. The bit returned is the value of the current

pass. The
|, but also

s pass the neighbour contexts for the coefficients in this pass are recreated using Table D.1. The comtext label
ave any value because the coefficients that were found to be significant in the significance propagatign pass are

[ the four
for all is 0

context coefficients from previous magnitude, significance and cleanup passes), then the unique fun-length

pntiguous

coefficien

S 1n the column réemain msigniricant and are S€t to zZ€ro.

Otherwise, if the symbol 1 is returned, then at least one of the four contiguous coefficients in the column is significant.
The next two bits, returned with the UNIFORM context (index 46 in Table C.2), denote which coefficient from the top
of the column down is the first to be found significant. The two bits decoded with the UNIFORM context are decoded
MSB then LSB. That coefficient's sign bit is determined as described in D.3.2. The decoding of any remaining coefficients

continues

in the manner described in D.3.1.

If the four contiguous coefficients in a column are not all decoded in the cleanup pass or the context bin for any is non-
zero, then the coefficient bits are decoded with the context in Table D.1 as in the significance propagation pass. The same
contexts as the significance propagation are used here (the state is used as well as the model). Table D.5 shows the logic

for the cle

102
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Table D.S — Run-length decoder for cleanup passes

Four contiguous
colfl(;relilﬁ:ci::::lsi;?nz to Symbols with Four contiguous bits to be Symbols decode(ai Num!)er of
be decoded and each run-length decoded are zero with UNIFORM® coefficients to
currently has the 0 context context decode
context
true 0 true none none
true 1 false MSB LSB
skip to first coefficient sign 00 3
skip to second coefficient sign 01 2
skip to third coefficient sign 10 1
skip to fourth coefficient sign 11 0
false none X none rest of.dolumn
3 See Annex C.
If there arg fewer than four rows remaining in a code-block, then no run-length coding is used. Once again, the significance
state of arjy coefficient is changed immediately after decoding the first I magnitude bit.
D.3.5 [Example of coding passes and significance propagation (informative)
Table D.q shows an example of the decoding order for the quantized coefficients of ong4-coefficient column i the scan.
This example assumes all neighbours not included in the table are identically zero, @and indicates in which pags each bit
is decodedl. The sign bit is decoded after the initial 1 bit and is indicated in the table by the + or — sign. The very first pass
in a new block is always a cleanup pass because there can be no predicted sighificant, or refinement bits. Aftgr the first
pass, the decoded 1 bit of the first coefficient causes the second coefficient¢o be decoded in the significance pgss for the
next bit-plane. The 1 bit decoded for the last coefficient in the second cleanup pass causes the third coeffidgient to be
decoded ip the next significance pass.
Table D.6 — Example of sub-bit-plane coding-order and significance propagation
Coding passes 10 1 3 -7 Coefficient value
+ + + - Coefficient sign
1 0 0 0 Coefficient
0 0 0 1 magnitude
1 0 1 1 (MSB to LSB)
0 1 1 1
Cleanup 1+ 0 0 0
Significance 0
Refinement 0
Cleanup 0 1-
Significance 0 1+
Réfinement 1 1
Cleanup
Significance 1+
Refinement 0 1 1
Cleanup
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D4 Initializing and terminating
When the contexts are initialized, or re-initialized, they are set to the values in the Table D.7.
Table D.7 — Initial states for all contexts
Context Initial index from Table C.3 MPS
UNIFORM 46 0
Run-length 3 0
All zero neighbours (context label 0 in Table D.1) 0
All other contexts 0
In normaleperation-notselective-arithmetic-coding bypass)—th = a a atthe end of
every coding pass or only at the end of every code-block (see D.4.1). Table D.8 shows two examples of tgrmination
patterns fpr the coding passes in a code-block. The COD or COC marker signals which terminationpattefn is used
(see A.6.] and A.6.2).
Table D.8 — Arithmetic coder termination patterns
Coding Operation Coding Operation Termination
# Pass S
Termination only on last pass on every pass
1 cleanup Arithmetic Coder (AC) AC, terminate
2 significance propagation AC AC, terminate
2 magnitude refinement AC AC, terminate
2 cleanup AC AC, terminate
final significance propagation A€ AC, terminate
final magnitude refinement AC AC, terminate
final cleanup AC, terminate AC, terminate
When multiple terminations of the arithmetic coder@re present, the length of each terminated segment is signalled in the
packet header as described in B.10.7.
NOTE}- Termination should never create a byte-aligned value between 0xFF90 and OxFFFF inclusive. These values affe available
as in-bjt-stream marker values.
D4.1 [Expected codestream termination
The decodler anticipates that thesgiven number of codestream bytes will decode a given number of coding paspes before
the arithnjetic coder is terminated. During decoding, bytes are pulled successively from the codestream until al] the bytes
for those ¢oding passes have.been consumed. The number of bytes corresponding to the coding passes is specified in the
packet header. Often at that point there are more symbols to be decoded. Therefore, the decoder shall extend thg input bit
stream to fhe arithmeti¢ coder with OxFF bytes, as necessary, until all symbols have been decoded.
It is suffigient tosappend no more than two OxFF bytes. This will cause the arithmetic coder to have at least one pair of
consecutiye OXEF bytes at its input which is interpreted as an end-of-stream marker (see C.3.4). The bit stream does not

actually ¢

bntain a terminating marker. However, the byte length is explicitly signalled enabling the terminating|marker to

be synthesized for the arithmetic decoder.

NOTE - Two OxFF bytes appended in this way is the simplest method. However, other equivalent extensions exist. This might be
important since some arithmetic coder implementations might attach special meaning to the specific termination marker.

D.4.2

Arithmetic coder termination

The FLUSH procedure performs this task (see C.2.9). However, since the FLUSH procedure increases the length of the
codestream, and frequent termination may be desirable, other techniques may be employed. Any technique that places all
of the needed bytes in the codestream in such a way that the decoder need not backtrack to find the position at which the
next segment of the codestream should begin is acceptable.
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When the predictable termination flag is set (see COD and COC in A.6.1 and A.6.2) the following termination procedure
shall be used. Using the notation of C.2, the followings steps can be used:

1)

2)

3)

The relevant truncation teng

Identify the number of bits in code register, C, which must be pushed out through the byte buffer. This is
givenby k= (11-CT) + 1.

While (k > 0):
—  shift C left by CT and set CT = 0.

— execute the BYTEOUT procedure. This sets CT equal to the number of bits cleared out of
the C register.

—  subtract CT from k.

Execute the BYTEOUT procedure to push the contents of the byte buffer register out to the codestream.
This step shall be skipped if the byte in the byte buffer has an OxFF byte value.

If the predictable termination flag is not set, the last byte output by the above procedure can generally be modified, within
certain bounds, without affecting the symbols to be decoded. It will sometimes be possible to augment ‘thelast pyte to the

special v

D.4.3 Length computation (informative)

ue, OxFF, which shall not be sent. It can be shown that this happens approximately 1/8 of'the time.

To includp coding pass compressed image data into packets, the number of bytes to be included must be detefmined. If
the coding pass compressed image data is terminated, the algorithm in the previous clause may be used. Otherwise, the
encoder should calculate a suitable length such that corresponding bytes are sufficientfor the decoder to reconstruct the

coding pafses.

D.5 [Error resilience segmentation symbol

A segmentation symbol is a special symbol. Whether it is used ig signalled in the COD or COC marker|segments
(see A.6.] and A.6.2). The symbol is coded with the UNIFORM ¢ontext of the arithmetic coder at the end of each bit-
plane. Th¢ correct decoding of this symbol confirms the correcti¢ss of the decoding of this bit-plane, which allows error
detection.| At the decoder, a segmentation symbol 1010 or OxA.should be decoded at the end of each bit-plane (at the end
of a cleanpp pass). If the segmentation symbol is not decoded correctly, then bit errors occurred for this bit-plane.

NOTE[- This can be used with or without the predictable, termination.

D.6 Selective arithmetic coding bypass

This style|of coding allows bypassing the arithmetic coder for the significance propagation pass and magnitude refinement

coding passes

not this coding style is used (see A.6.1.and A.6.2).

starting in the fifth significant bit-plane of the code-block. The COD or COC marker signals whether or

The first ¢leanup pass (which is:the first bit-plane of a code-block with a non-zero element) and the next thfee sets of
significanfce propagation, magnitude refinement and cleanup coding passes are decoded with the arithmetic doder. The

fourth clepnup pass shall include an arithmetic coder termination (see Table D.9).

Table D.9 — Selective arithmetic coding bypass

Bit-plane number Pass type Coding operations
] cleanup Arithmetic Coding (AC)
2 significance propagation AC
2 magnitude refinement AC
2 cleanup AC
3 significance propagation AC
3 magnitude refinement AC
3 cleanup AC
4 significance propagation AC
4 magnitude refinement AC
4 cleanup AC, terminate
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Table D.9 — Selective arithmetic coding bypass

Bit-plane number Pass type Coding operations
5 significance propagation raw
5 magnitude refinement raw, terminate
5 cleanup AC, terminate
final significance raw
final magnitude refinement raw, terminate
final cleanup AC, terminate

Starting W
returned f]
bit stuffin
each mag}

When the
refinemer]
1s. This s

When the]
propagati

The clean|
terminate

The sign |

where ra

The lengt
header as
terminate

NOTE
efficieq

If a OxFF
in the selq

At the eng
is assemb
significan|
boundary
NOTE
truncaty

such trf
FF whi

ith the Tourth significance propagation and magnitude refinement coding passes, the bits that would

fom the arithmetic coder are instead returned directly from the bit stream. (A routine that undoes.the
o precedes the return of bits. Specifically, this routine throws out the first bit after an OXFF byte val
hitude refinement pass the bit stream has been "terminated" by padding to the byte boundary.

predictable termination flag is set (see COD and COC in A.6.1 and A.6.2) and all the\bits from a 1
t pass have been assembled, any remaining bits in the last byte are filled with an alternating sequencd
pquence should start with a 0 regardless of the number of bits to be padded.

termination on each coding pass flag is set (see COD and COC in A.6,1 ‘and A.6.2), then the sig
n passes are terminated in the same way as the magnitude refinement passcs.

up coding passes continue to receive compressed image data directlyfrom the arithmetic coder and &
if

it is computed with Equation (D-2):
signbit = raw. value

' value =1 is a negative sign bit and raw_value =0 i$ a positive sign bit. Table D.9 shows the coding

h of each terminated segment, plus the length of'any remaining unterminated passes, is signalled in
described in B.10.7. If termination on each:Coding pass is selected (see A.6.1 and A.6.2), then evd
| (including both raw passes).

1 — Using the selective bypass mode when encoding an image with an ROI may significantly decrease the ¢
Cy.

value is encountered in the pit stream, then the first bit of the next byte is discarded. The sequence o
ctive arithmetic coding bypass have been stuffed into bytes using a bit-stuffing routine.

oder, bits are packed-into bytes from the most significant bit to the least significant bit. Once a com|
ed, it is emitted to the bit stream. If the value of the byte is an 0xFF, a single zero bit is stuffed int
t bit of the nextibyte. Once all bits of the coding pass have been assembled, the last byte is packed t
and emitted:T'he last byte shall not be an OxFF value.

2 — Since, the decoder appends OXFF values, as necessary, to the bit stream representing the coding pass
on of the'bit stream may be possible. When the predictable termination flag is set (see COD and COC in A.6.1
incation is not permitted. The last byte cannot be an 0xFF, since the bit-stuffing routine appends a new byte fo

have been
effects of
ue.) After

nagnitude
of 0s and

rnificance

re always

(D-2)

scquence.

he packet
ry pass is

mpression

F bits used

plete byte
the most
D the byte

see D.4.1),
and A.6.2),
lowing the
ts.

ch.has the, most significant bit value of 0 and unused bits filled with the alternating sequence of 0 and 1 value bj

D.7

Vertically causal context formation

This style of coding constrains the context formation to the current and past code-block scans (four rows of vertically
scanned coefficients). That is, any coefficient from the next code-block scan is considered to be insignificant. The COD
or COC marker signals whether or not this style of coding is used (see A.6.1 and A.6.2).

To illustrate, the bit labelled 14 in Figure D.1 is decoded as usual using the neighbour states as specified in Figure D.2,
independent of whether or not contexts are vertically causal. However when vertically causal context formation is used,
the bit labelled 15 is decoded assuming D> = Vi = D3 =0 in Figure D.2.
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D.8 Flow diagram of the code-block coding

The steps for modelling each bit-plane of each code-block can be viewed graphically in Figure D.3. The decisions made
are in Table D.10 and the bits and context sent to the coder are in Table D.11. These show the context without the selective
arithmetic coding bypass or the vertically causal model.

Start coding passes for a code-block bit-plane

Start of
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Start of clelanup pass
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D7 D co [
No
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Figure D.3 — Flow chart for all coding passes on a code-block bit-plane
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Table D.10 — Decisions in the context model flow chart

Decision Question Description
DO Is this the first significant bit-plane for the code-block? See D.3
D1 Is the current coefficient significant? See D.3.1
D2 Is the context bin zero? (see Table D.1) See D.3.1
D3 Did the current coefficient just become significant? See D.3.1
D4 Are there more coefficients in the significance propagation?

D5 Is the coefticient insignificant? See D.3.3
D6 Was the coefficient coded in the last significance propagation? See D.3.3
D7 Are there more coefficients in the magnitude refinement pass?
D8 Are four contiguous undecoded coefficients in a column each with a 0 context? See D.3.4
D9 Is the coefticient significant or has the bit already been coded during the Significance See|D.3.4
Propagation coding pass?
D10 Are there more coefficients remaining of the four column coefficients?
D11 Are the four contiguous bits all zero? SeelD.3.4
D12 Are there more coefficients in the cleanup pass?
Table D.11 — Decoding in the context model flow chart
Code Decoded symbol Context Brief explanation Description
Co - - Go to the next coefficient orcolumn
Cl1 Newly significant? Table D.1, Decode significance bit'of current coefficient See|D.3.1
9 context labels (significance propagatien or cleanup)
C2 Sign bit Table D.3, Decode sign bit of current coefficient SeelD.3.2
5 context labels
C3 Current magnitude Table D.4, Decode magnitude refinement pass bit of current See(D.3.3
bit 3 context labels coefficient
C4 0 Run-length context | Decode run-length of four zeros See|D.3.4
1 label Decode run-length not of four zeros
C5 00 UNIFORM First coefficient is first with non-zero bit See D.3.4 and
01 Second coefficient is first with non-zero bit Tabjle C.2
10 Third coefficient is first with non-zero bit
11 Fourth coefficient is first with non-zero bit
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Quantization

(This annex forms an integral part of this Recommendation | International Standard.)

:2019 (E)

In this annex, the flow charts and tables are normative only in the sense that they are defining an output that alternative
implementations shall duplicate.

This annex specifies the forms of inverse quantization used for the reconstruction of tile-component transform
coefficients. Information about the quantization of transform coefficients for encoding is also provided. Quantization is
the process by which the transform coefficients are reduced in precision.

E.1 nverse quantization procedure
For each [transform coefficient (u, v) of a given sub-band b, the transform coefficient value g»(u, p)\1$ givien by the
following|equation:
. N, (u,v) )
qb(u,v) = (1 - 2sb(u,v))- Z MSB,-(b,u,v)- oMy =i (E-1)
i=1
where sy(t, v), No(u, v) and MSBi(b, u, v) are given in D.2, and where M, is retrieved using Equation (E-2), where the
number of guard bits G and the exponent & are specified in the QCD or QCC-marker segments (see A.6.4 and A.6.5).
Mb =G+5b—1 (E-2)
Each decpded transform coefficient gs(u, v) of sub-band b is.uséd to generate a reconstructed transform doefficient
Rqi(u, v),[as will be described in E.1.1.
NOTE|- Decoding only Ns(u, v) (see D.2.1) bit-planes is equivalent to decoding data which has been encoded usipg a scalar
quantiger with step size 2Mb =N (u,v) - Ay for all the'coefficients of this code-block. Due to the nature of the three coding
passes [(see D.3), Ni(u, v) may be different for different coefficients within the same code-block.
E.1.1 [rreversible transformation
E.1.1.1 [Determination of the quantization step size
For irreversible transformation, the quantization step size A, for a given sub-band b is calculated from the dynamic range
Ry of sub-band b, the exponent g, ‘and mantissa s, as given in Equation (E-3).
Ay = Ry = | Mb (E-3)
11
2
NOTE(- The-denominator, 2!, in Equation (E-3) is due to the allocation of 11 bits in the codestream for s, as given in Table A.30.
In Equatipn(E-3), the exponent ¢, and the mantissa L, are specified in the QCD or QCC marker segments (see A.6.4

and A.6.5), and the nominal dynamic range R} (as given by Equation (E-4)) 1s the sum of R; (the number of bits used to
represent the original tile-component samples which can be extracted from the SIZ marker — see Table A.11 in A.5.1) and
the base 2 exponent of the sub-band gain (gain,) of the current sub-band b, which varies with the type of sub-band b

(levLL, le

vLH or levHL, levHH — see F.3.1) and can be found in Table E.1.

Table E.1 — Sub-band gains

sub-band b gainp log2(gain)
levLL 1 0
levLH 2 1
levHL 2 1
levHH 4 2
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R, =R, + logz(gairg,) (E-4)

The exponent/mantissa pairs (€s,L15) are either signalled in the codestream for every sub-band (expounded quantization)
or else signalled only for the N;LL sub-band and derived for all other sub-bands (derived quantization) (see Table A.30).
In the case of derived quantization, all exponent/mantissa pairs (€s,1») are derived from the single exponent/mantissa pair
(&0,10) corresponding to the N;LL sub-band, according to Equation (E-5):

(gboub) = (SU_NL+”17»HU) (E-5)

where 1, denotes the number of decomposition levels from the original tile-component to the sub-band b.

NOTE - For a given sub-band b, a quantized transform coefficient may exceed the dynamic range R».

E.1.1.2 Reconstruction of the transform coefficient

For irreversible transformation, the reconstructed transform coefficient is given by Equation (E-6):

(q_b(u,v)+ r2Mo _Nb(”’v)) - A, for %(u,v) >0
Rap(u,v) = (q_b(u,v)—rZMb _Nb(u’v)) - Ay for %(u,v) <0 (E-6)

0 for %(u,v) =0

where 7 i§ a reconstruction parameter, which can be arbitrarily chosen by the decoder.

NOTE| - The reconstruction parameter » may be chosen for example to produce the best visual or objective [uality for
reconsfruction. Generally, values for r fall in the range of 0 < < 1, and a commion value is = 1/2. (This note also appligs to E.1.2).

E.1.2 Reversible transformation

E.1.2.1 [Determination of the quantization step size

For revergible transformation, the quantization step size A»18 equal to one (no quantization is performed).

E.1.2.2 |Reconstruction of the transform coefficient

For revergible transformation, the reconstructed ttansform coefficient Rgs (u, v) is recovered differently deppnding on
whether a]l the coefficient bits are decoded, i€\, ’whether Ny(u, v) = Mj or Np(u, v) < Mp.

If Ni(u, v| = M, then the reconstructed transform coefficient Rqs(u, v) is given by Equation (E-7).
Rqy, (u,v) = qp (u,v) (E-7)

If Ni(u, v| < M, then the reConstructed transform coefficient Rqs(u, v) is given by Equation (E-8).

L(%(u,v)-f- r2Mo _Nb(”’v))- AbJ for %(u,v)> 0
Rq, (u,v) = ’-(g(u,v) —r2Ms = Nb(”’v))- Ab-‘ for %(u,v) <0 (E-8)
0 for g (u,v)=0
E.2 Scalar coefficient quantization (informative)

For irreversible compression, after the irreversible forward discrete wavelet transformation (see Annex F), each of the
transform coefficients ax(u, v) of the sub-band is quantized to the value g;(u, v) according to Equation (E-9).

)= sgnlap (1v) - “—)'J E9)
b
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where A, is the quantization step size. The exponent &, and mantissa corresponding to A, can be derived from
Equation (E-5), and must be recorded in the codestream in the QCD or QCC markers (see A.6.4 and A.6.5).

For reversible compression, the quantization step size is required to be 1. In this case, a parameter ¢, has to be recorded
in the codestream in the QCD or QCC markers (see A.6.4 and A.6.5), and is calculated as:

gp =Ry +logy (gainb)+CC (E-10)

where R;and gain are as described in E.1.1, and where . is zero if the RCT is not used and . is the number of additional
bits added by the RCT if the RCT is used, as described in G.2.1.

For both reversible and irreversible compression, in order to prevent possible overflow or excursion beyond the nominal

range of the integer representation of |qb (u, V} arising, for example during floating point calculations, the number M, of

bits for thettegerrepresentation-ofgritrused-atthe-eneodersidetsdefined-byEquattonE-2—TFhenumber<¢ of guard
bits has tq be specified in the QCD or QCC marker (see A.6.4 and A.6.5). Typical values for the number of guafd bits are
G=lor¢=2.
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Annex F

Discrete wavelet transformation of tile-components

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex, the flow charts and tables are normative only in the sense that they are defining an output that alternative
implementations shall duplicate.

This annex describes the forward discrete wavelet transformation applied to one tile-component and specifies the inverse
discrete wavelet transformation used to reconstruct the tile-component.

F.1

Consider
the coord

F.2

F.2.1

To perforin the forward discrete wavelet transformation (FDWT), this Recommniendation | International Stand
one-dimensional sub-band decomposition of a one-dimensional array of sampl€s into low-pass coefficients, rej
a downsampled low-resolution version of the original array, and high-pass coefficients, representing a dow
residual version of the original array, needed to perfectly reconstruct the¢,original array from the low-pass array.

To perforn the inverse discrete wavelet transformation (IDWT),«this’'Recommendation | International Stand
one-dimefsional sub-band reconstruction of a one-dimensienal® array of samples from low-pass and
coefficients.

F.2.2 Decomposition levels

Each tile-

the activity of the signal in various frequency\ bands, at various spatial resolutions. N; denotes the 1
decompodition levels.

F.2.3

This Redommendation | International Standard specifies one reversible transformation and one if
transformption. Given that tile-component samples are integer-valued, a reversible transformation reg

specificat

F.3

F.3.1

The inver

component N, y) (IDWT procedure). The IDWT procedure also takes as input a parameter Nz, which repr

Tile-component parameters

the tile-component defined by the coordinates, fcxo, fcxi, tcyo and fcy; given in Equation (B-12), in
nates (x, y) of the tile-component (with sample values /(x, y) lie in the range defined by:

texg < x < texp and feyg £y < fey

[Discrete wavelet transformations

Low-pass and high-pass filtering (informative)

component is transformed into a set of two-dimensional sub-band signals (called sub-bands), each rej

Discrete wavelet filters (informative)

on of a rounding procedure for intermediate non-integer-valued transform coefficients.

[Inverse discrete wavelet transformation

The IDWTF procedure

ke discrete wavelet transformation (IDWT) transforms a set of sub-bands, as(us, vs) into a DC-level sl

B.3. Then

(F-1)

hrd uses a
bresenting
msampled

aird uses a

high-pass

bresenting
umber of

reversible
uires the

nifted tile-
esents the

number of decomposition levels (see Figure F.1). The number of decomposition levels N, is signalled in the COD or COC
markers (see A.6.1 and A.6.2).

112

ah(uh’vh) —_ ](‘_ _}’)
IDWT "
NL
T.800(15)_FF.1

Figure F.1 — Inputs and outputs of the IDWT procedure
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The sub-bands are labelled in the following way: an index lev corresponding to the decomposition level, followed by two
letters which are either LL, HL, LH or HH.

The sub-band b = levLL corresponds to a downsampled version of sub-band (/ev — 1)LL which has been low-pass filtered
vertically and low-pass filtered horizontally. The sub-band » = OLL corresponds to the original tile-component. The
sub-band b = levHL corresponds to a downsampled version of sub-band (/ev — 1)LL which has been low-pass filtered
vertically and high-pass filtered horizontally. The sub-band b = levLH corresponds to a downsampled version of sub-band
(lev — 1)LL which has been high-pass filtered vertically and low-pass filtered horizontally. The sub-band b = levHH
corresponds to a downsampled version of sub-band (/ev — 1)LL which has been high-pass filtered vertically and high-pass
filtered horizontally.

For a given value of N, only the following sub-bands are present in the codestream, and in the following order (these
sub-bands are sufficient to fully reconstruct the original tile-component):

N;LL, N;HL, N,LH, N;HH, (N, — 1)HL, (N, — 1)LH, (N, — )HH,..., IHL, 1LH, 1HH.

For a givgn sub-band b, the number 7, represents the decomposition level at which it has been generated atthe time of
encoding,|and is given in Table F.1:

Table F.1 — Decomposition level ny for sub-band b

b V.LL N HL N LH NHH (NL—1)HL (No—1)HL (No—1)HL 1HL 1LH 1HH
np NL NL NL NL NL—1 NL—1 NL—1 1 1 1

The sub-Hands for the case where N =2 are illustrated in Figure F.2.

Aypy (ogps Varr)
\ Ay, (Unpgrs Vo)

D Uiy Vo)

gy (b Varpy)

(g, Vi)

IDWT _

I(x, )

(U g Vies) Ay U g Vi)

T.800{19)_FF.2

Figure F.2 — The IDWT (N.=2)

The IDWT procedure starts with the initialization of the variable /ev (the current decomposition level) to N;. The 2D_SR
procedurd (see F.3.2)\8 performed at every level /ev, where the level lev decreases at each iteration, until V; itefations are
performed. The 2D.-SR procedure is iterated over the /evLL sub-band produced at each iteration. Finally, thel sub-band
aorr (uorr)| vorz) 19 the output array I(x, y).

As defined in"Equation (B-15), the indices (us, ve) of sub-band coefficients @a(us, ve) for a given sub-band A lie in the
range defined by:

thxy < uy, < thxy and thyy < vy, < thy, (F-2)
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Figure F.3 describes the IDWT procedure.

IDWT
lev =N, Done
Yes .
» eV —u 1A V) —Hopp (A ¥/
No

Aoy 1322 = 2D_SR@y 15 @irs Qporir Qponprrp Moo Uy Vor V1)

!

lev=1lev-1

F.3.2 The 2D_SR procedure

The 2D_$R procedure performs a reconstruction of sub=band agev—1)zz (#, v) from the four sub-bands, a
Alevrr(U, V), Qlevir(tt, v) and aievur(u, v) (see Figure E4). The total number of coefficients of the reconstruc
sub-band |is equal to the sum of the total number.6f)coefficients of the four sub-bands input to the 2D SR

(see Figuge F.5).

T.800(19)_FF.3

Figure F.3 — The IDWTprocedure
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Figure F.4 — Inputs and outputs of the 2D_SR procedure
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Figure F.5 — One level of reconstruction from four sub-bands (2D_SR procedure) into sub-bands

First, the four sub-bands ajevrz(u, v), @ievir(u, v), aievia(u, v) and ajevmr(u, v) are interleaved to form an array a(u, v) using
the 2D INTERLEAVE procedure. The 2D SR procedure then applies the HOR SR procedure to all rows of a(u, v), and
finally applies the VER SR procedure to all columns of a(u, v) to produce the reconstructed sub-band
a(ev—1rr(u, v). Figure F.6 describes the 2D SR procedure.
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2D SR

a =2D_INTERLEAVE(a,,,;;. @ Qperiie Qevie Yo > Vor Vi)

!

a =HOR_SR(a, uy, u,, vy, v,)

I

Qe 1= YER_SR(a, uy uy, vy, v))

Done

T800(19)_FF.6

Figure F.6 — The 2D_SR procedure
F.3.3 The 2D _INTERLEAVE procedure

As illustrgted in Figure F.7, the 2D _INTERLEAVE procedure intéeleaves the coefficients of four sub-bands aiuiz, drevii,
QleviH, Alevlir to form a(u, v). The values of uo, 11, vo, vi used by the 2D _INTERLEAVE procedure are those of|tbxo, tbxi,
tbyo, thy) forresponding to sub-band b = (lev — 1)LL (see definition in Equation (B-15)).

The way these sub-bands are interleaved to form the output a(u, v) is described by the 2D INTERLEAVE procedure
given in Higure F.8.

Devri >

Qieviil, >

— %etB” 1 2D INTERLEAVE 9

Bt
Uyt s Vo V)

T.800(15)_FF.7

Figure F.7 — Parameters of 2D _INTERLEAVE procedure
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2D _INTERLEAVE

Y

b =leviL
u, = Fun/ﬂ
v, = Fv0/2—|

»

>

h 4

a(2uy, 2v,) = a,(u, v,)

v

b = levHL
u, = LMO/ZJ
v, = Fv0/2-|

A

au,t 1, 2v) = ay(u,v,)

i .
u, =t 1 u, = u,+ 1
No No
Uy 7 (uo/ﬂ Yes u, = LuU/ZJ Yes
4 v, =yt 4 V= vt
No Yes No
Yes
v ¥
b=levLH b = levHH
u, = /2] u, = Luy2]
v, = Lv0/2J v, = |_vn/2J
"' A
aCuy, 2w+ 1) = aylat, v,) a2u,t 1, 2v,+ 1) = ay(uy, vy)
ub = uiy+ 1 ub = ub+ 1
u, =luy2] %5‘ w, =Luy2]
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No

v =wtl

Yes

A
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Figure F.8 — The 2D _INTERLEAVE procedure
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F.3.4 The HOR_SR procedure

The HOR_SR procedure performs a horizontal sub-band reconstruction of a two-dimensional array of coefficients. It
takes as input a two-dimensional array a(u, v), the horizontal and vertical extent of its coefficients as indicated by
uo < u <ujand vo < v < vy (see Figure F.9) and produces as output a horizontally filtered version of the input array, row by
TOW.

As illustrated in Figure F.10, the HOR SR procedure applies the one-dimensional sub-band reconstruction (1D_SR
procedure) to each row v of the input array a(u, v), and stores the result back in each row.

a(u, v)
HOR_SR a, V)

Uy Upy Vo, Vy

T.800(15)_FF.9

Figure F.9 — Inputs and outputs of the HOR_SR procedure
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HOR_SR
V=1,
Ip = Uy

Y =a(u v)

:

X(u) = 1D_SR(Y(w), iy, i))

:

a(u, v) = X(u)

:

v=v+1

No

Done

T800(19)_FF.10
Figure F.10 — The HOR_SR procedure

F.3.5 The VER-SRprocedure

The VER| SR pracedure performs a vertical sub-band reconstruction of a two-dimensional array of coefficiens. It takes
as input a| two-~dimensional array a(u, v), the horizontal and vertical extent of its coefficients as indicated by o < u <u;
and vo < W<"v{(see Figure F.11) and produces as output a vertically filtered version of the input array, column bly column.

As illustrated in Figure F.12, the VER_SR procedure applies the one-dimensional sub-band reconstruction (1D_SR
procedure) to each column u of the input array a(u, v) and stores the result back in each column.
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a(u, v)

VER SR |4V,

Uy, Uy, Vi, Vy

T.800(15)_FF.11

Figure F.11 — Inputs and outputs of the VER_SR procedure

VER SR

U=,

Y(v) = a(u, v)

:

X(v) = ID_SR(Y(v)-igfi,)

:

alu, v) = X(v)

:

u=u+1

No

Yes

Done

T.800(19)_FF.12

Figure F.12 — The VER_SR procedure
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F.3.6 The 1D_SR procedure

As illustrated in Figure F.13, the 1D SR procedure takes as input a one-dimensional array Y(i), the extent of its
coefficients as indicated by io < i <i). It produces as output an array X, with the same indices (o, i1).

¥y

IDSR —X o
i()’ i]

T.800(15)_FF.13

Figure F.13 — Parameters of the 1D_SR procedure

For signals of length one (i.e., io = 71— 1), the 1D SR procedure sets the value of X(ip) to Y(io) if io is an even-integer, and
X(io) to Y{io)/2 if iy is an odd integer.

For signals of length greater than or equal to two (i.e., ip < 71— 1), as illustrated in Figure F.14, the 1D\ SR procgdure first
uses the [[D_EXTR procedure to extend the signal ¥ beyond its left and right boundaries resultingin the extengled signal
Yeu, and then uses the 1D _FILTR procedure to inverse filter the extended signal Y., and produce the desir¢d filtered
signal X.[ The 1D _EXTR and 1D _FILTR procedures depend on whether the 9-7 irreversible wavelet [transform
(irreversible transformation) or 5-3 reversible wavelet transform (reversible transformation) is selected: this i signalled
in the COP or COC markers (see A.6.1 and A.6.2).

ID SR

Y,,= ID_EXTREYH, i)

ext

X% 1D _FILTR(Y,,, iy, i)

Done

T.800(19)_FF.14

Figure F.14 — The 1D_SR procedure

F.3.7 The AD\ EXTR procedure

As illustrgtedyin Figure F.15, the 1D _EXTR procedure extends signal Y by i, coefficients to the left and i:q1 c@efficients
to the right. The extension of the signal is needed to enable filtering at both boundaries of the signal.

Yot lr.-gh!

»
»

<
<

E F G F E D C B|(A|B|C|D|E|F|G|F E D C B A B C

< »
< »

iy ii—1 T.800(15)_FF.15

Figure F.15 — Periodic symmetric extension of signal

The first coefficient of Y is coefficient iy, and the last coefficient of signal Y is coefficient i; — 1. This extension procedure
is known as "periodic symmetric extension". Symmetric extension consists of extending the signal with the signal
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coefficients obtained by a reflection of the signal centred on the first coefficient (coefficient iy) for extension to the left,
and in extending the signal with the signal coefficients obtained by a reflection of the signal centred on the last coefficient
(coefficient 71 — 1) for extension to the right. Periodic symmetric extension is a generalization of symmetric extension for
the more general case where the number of coefficients by which to extend the signal on any one side may exceed the
signal length i; — io: this case may happen at higher decomposition levels.

The 1D_EXTR procedure calculates the values of Y..(i) for values of i beyond the range ip <i<ij, as given in
Equation (F-3):

Y, (i)=Y(PSE,(i, iy, 1)) (F-3)

ext
where PSEo(i, io, 1) is given by Equation (F-4):

PSE, (i, iy, i,)= i, +min (mod(i — iy, 2(, — i, —1)), 2, — iy —1 )—mod(i — iy, 2(;, — i, —1))) (F-4)

Two extension procedures are defined, depending on whether it is the 5-3 wavelet transformation '(ID[ EXTRs.3
procedurd) or 9-7 wavelet transformation (1D EXTRg.7 procedure). The procedures only differ in the minimun] values of
the extengion parameters (i, . and i for the 5-3 wavelet transformation, and .4, - andMygp,, . fpr the 9-7
wavelet tfansformation) which are given in Tables F.2 and F.3, and depend on the parity of the.indices iy and|i. Values

equal to gr greater than those given in Tables F.2 and F.3 will produce the same array X at the<output of the 1D _FILTR
procedurg of Figure F.14.

rights_3

Table F.2 — Extension to the left

io left, , eft,.,
even 1
odd 2

Table F.3 — Extension to the right

il lright,, Iright,.,
odd 1 3
even 2 4

F.3.8 The 1D_FILTR procedure

One revetsible filtering procedure 1D-FILTRs.3r and one irreversible filtering procedure 1D FILTRo.7; are [specified,
depending on whether the 5-3 reversible or 9-7 irreversible wavelet transformation is used.

As illustrgted in Figure F.16;-both procedures take as input an extended 1D signal Y., the index of the first cogffficient i,
and the inflex of the coefficieént /; immediately following the last coefficient (i1 — 1). They both produce as output), signal X.

ext

ID FILTR (—4 »

I Iy

T.800(15)_FF.16

Figure F.16 — Parameters of the 1D_FILTR procedure

Both procedures use lifting-based filtering, which consists of applying to the signal a sequence of very simple filtering
operations called lifting steps, which alternately modify odd-indexed coefficient values of the signal with a weighted sum
of even-indexed coefficient values, and even-indexed coefficient values with a weighted sum of odd-indexed coefficient
values.

F.3.8.1 The 1D_FILTRs3r procedure

The 1D _FILTs.3r procedure uses lifting-based filtering in conjunction with rounding operations. Equation (F-5) is first
performed for all values of # indicated, followed by Equation (F-6) which uses values calculated from Equation (F-5):
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X(2n)=v, (2n)- V“@” 1)+ Y an+ 1)+ 2 J for B J <n< B J +1

4

one o, om 1) [ XOXC2) o

2

The values of X(k) are such that ip < k < i form the output of the 1D _FILTRs.3r procedure.

F.3.8.2 The 1D_FILTRy.71 procedure

(F-5)

(F-6)

The 1D-FILTRo.71 procedure uses lifting-based filtering (there is no rounding operation). The lifting parameters (a., 3,
Y, 0) and the scaling parameter K for all filtering steps are defined in F.3.8.2.1.

i e . 3 +Eks (2 4+ L) £ 41

Equation
on the exf
order.

Firstly, st

n such thd

Then, stef

Then, stef

Then, step 5 is performed for all values of # such that LQJ s L—J +1, and uses values calculated in steps ]

Finally, st

where the|

ep 1 is performed for all values of # such that {z; J 1<n< [ ZJ + 2, and step 2 is performed for all

AN | L oot 1 v L] P e AV il o L 1L s 1D Fliaz.
T 7)) UCSUITOUS tICTWO-SUATTITE - STUPS T a2 diTa I TUUT TS - STU P S (0™ tO- U UT HIU T TITICTTITS

ended signal Yeu(n) to produce the i; — ip coefficients of signal X. These steps are performed in, the

[8]-240<]2]

3 is performed for all values of # such that L%J I<n< L%J + 2, and uses values calculated in stef

~.

4 is performed for all values of n such that {%J I<n< L% J + 1, and uses values calculated in stef

1
2

ep 6 is performed for all values of »n such that {ZEOJ <n< L%J , and uses values calculated in steps 4

X(2n)=KY, (2n) [STEPI]
X(2n+1)=(1/K)Y, (2n+1) [STEP2]
x(0d)=x(2n)-8(x(2n-1)+ X(2n+1))  [STEP3]
X(2n+1)=X2n+1)-y(X(2n)+ X(2n +2)) [STEPA4]
X(2n)=Xx(2n)-p(x(2n-1)+ X(2n+1))  [STEPS]
]

X(@2n+1)=X@2n+1)-a(x(2n)+ X(2n+2)) [STEP6

values of'the lifting parameters (o, B, v, ) and K are defined in Table F.4.

erformed
following

values of

s 1 and 2.

s 2 and 3.

and 4.

hind 5.

(F-7)

Table F.4 — Definition of lifting parameters for the 9-7 irreversible filter

Parameter Exact expression Approximate value
o —ga/ g3 —1.586 134 342 059 924
§ g/ —0.052 980 118 572 961
Y r1/ so 0.882 911 075 530 934
5 so0/ to 0.443 506 852 043 971
K 1/t 1.230 174 104 914 001

The values of X(k) are such that iy < k <i; form the output of the 1D_FILTRo.7; procedure.
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F.3.8.2.1 Filtering parameters for the 1D_FILTRy.71 procedure

The filtering parameters (a, B, y, 0, K) are defined in Table F.4, in terms of parameters g, from Table F.5, and parameters

(ro, 11, So, to) from Table F.6. The parameters g, are defined in terms of parameters xi, Rxz and |x2|2 given in Table F.7.

All tables give a closed-form expression for all parameters, including approximations up to 15 decimal points.

Table F.5 — Definition of coefficients g

n Coefficients gn Approximate value of gn
2
0 5x1(48|x2| ~16%x, + 3)/ 32 ~0.602 949 018 236 360
] —5x.(8!xn!2 - Equ) 8 0266 864 118 442 875
2
2 5x1(4IXz| +4 9, — lj /16 0.078 223 266 528 990
3 —5x(Rx,)/ 8 ~0.016 864 118 442 875
4 5x; / 64 —0.026 748 757,410,810
Table F.6 — Intermediate expressions (o, I'1, So, {0)
Parameter Exact expression Approximate value
70 —go+2g1ga/ g3 1.449 513 704 087 943
7 —@tgtgigs/ g 0.318 310 318 985 991
S0 gi—g3—gro/ 1 0.360 523 644 801 462
to 70— 211 0.812 893 066 115 961
Table F.7 — Intermediate expressions
Parameter Exaget expression Approximate value
A |[63-14V15 0.128 030 244 703 494
1080415
B 4/@ 0.303 747 672 895 197
1080V15
X A+B-1/6 —0.342 384 094 858 369
(4+B) 1
Rx2 TS % —0.078 807 952 570 815
2 2
ISR (4+5) LY 3(4-5) 0.146 034 820 982 800
2 6 4
F.4 Forward transformation (informative)

F.4.1

The FDWT procedure (informative)

The forward discrete wavelet transformation (FDWT) transforms DC-level shifted tile-component samples /(x, y) into a
set of sub-bands with coefficients ax(us, vs) (FDWT procedure). The FDWT procedure (see Figure F.17) also takes as
input the number of decomposition levels N; signalled in the COD or COC markers (see A.6.1 and A.6.2).
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1(x,y) —*
> — ay(u, v)
N FDWT
L
e
—

T.800(15)_FF.17

Figure F.17 — Inputs and outputs of the FDWT procedure

As illustrated in Figure F.18, all the sub-bands in the case where N; = 2 can be represented in the following way:

Ay (Uargs Vars) ~

D \pr Vapg) ——— [

Gty Varn) [ @ gy Y
Gty Vo) ——— |
I(x, y)
FDWT
Aty Vi) sz Vi)
T.800{19)_FF.18
Figure F.18 — The FDWT (N.=2)
The FDW[T procedure starts with the initialization of the variable /ev (the cprrent decomposition level) to zero, gnd setting
the sub-band aozz(uorz, vorz) to the input array /(u, v). The 2D _SD procedure is performed at every level lev, where the
level lev increases by one at each iteration, and until NV; iterations afe performed. The 2D _SD procedure is itefated over
the levLL|sub-band produced at each iteration.
As definefl in Annex B (see Equation (B-15)), the coordinates‘of the sub-band ase.zz(u, v) lie in the range defingd by:
thxy Su <thx{“>and tbyy <v<tbhy (F-8)

Figure F.

9 describes the FDWT procedure.

FDWT

lev=1

ag (1, v) = I(u, v)

124
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(@perrr> Viovitrs Veri i Bpewrir) = 2Dst(a(iev nep Yo Uys Vs v

:

lev=1lev+1

‘ T.800(15) FF.19

Figure F.19 — The FDWT procedure
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F4.2 The 2D_SD procedure (informative)

The 2D_SD procedure performs a decomposition of a two-dimensional array of coefficients or samples ager - 1y22(u, V)
into four groups of sub-band coefficients aevrr(u, V), aievar(u, v), aieva(u, v) and aevar(u, v).

The total number of coefficients of the /ev;; sub-band is equal to the sum of the total number of coefficients of the four
sub-bands resulting from the 2D_SD procedure.

Figure F.20 describes the input and output parameters of the 2D _SD procedure.

ey »
»
a
lev—1)LL

Uev—1) QjevhL N
Uy, Uy, Vo, Vy ZDst %
Qyovtil _
T.800(19)_FF.20

Figure F.20 — Inputs and outputs of the 2D_SD procedure
Figure F.21 illustrates the sub-band decomposition performed by the 2D_SD procedure.

Ajevrr, AievHr,
2D SD
ey 1)LL >

AyoyLh Aiviirt

T.800(19)_FF.21

Figure F.21 — One-level decomposition into fout sub-bands (2D_SD procedure)

The 2D_$D procedure first applies the VER _SD procedure tonall columns of a(u, v). It then applies the [HOR_SD
procedurd to all rows of a(u, v). The coefficients thus obtained’from a(u, v) are de-interleaved into the four pub-bands
using the PD DEINTERLEAVE procedure.

Figure F.22 describes the 2D_SD procedure.

2D SD

a=VER_SD(a,, 1,11 ¥ Uy, Vps V)

l

a =HOR_SD(a, uy, uy, vy, v;)

}

(Wevr1r Apevtirs Yerirp i) = 2D_DEINTERLEAVE(q, a1, u,, vy, v;)

T.800(19)_FF.22

Figure F.22 — The 2D_SD procedure
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F4.3 The VER_SD procedure (informative)

The VER_SD procedure performs a vertical sub-band decomposition of a two-dimensional array of coefficients. It takes
as input the two-dimensional array agev—1)r.(u, v), the horizontal and vertical extent of its coefficients as indicated by
uo < u <u; and vp < v <v; (see Figure F.23) and produces as output a vertically filtered version a(u, v) of the input array,
column by column. The values of uo, ui, vo, vi used by the VER SD procedure are those of tbxo, thxi, thyo, thy:
corresponding to sub-band b = (lev — 1)LL (see definition in Equation (B-15)).

a(u, v)
VER SD aw, v)
Uy, Uy, Vo, V)

T.800(15)_FF.23

Figure F.23 — Inputs and outputs of the VER_SD procedure

As illustrpted in Figure F.24, the VER SD procedure applies the one-dimensional sub-band decomposition (1D _SD
procedurd) to each column of the input array a(u, v), and stores the result back into each column

u=1u,
h =V
H=w
]

¥

X(v) = a(u, v)

!

Y(v) = 1D _SD(X(v), iy, i))

!

a(u, v) = Y(v)

l

u=u+1

T.800(15)_FF.24

Figure F.24 — The VER_SD procedure
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F.4.4 The HOR_SD procedure (informative)

The HOR_SD procedure performs a horizontal sub-band decomposition of a two-dimensional array of coefficients. It
takes as input a two-dimensional array a(u, v), the horizontal and vertical extent of its coefficients as indicated by
uo < u <u; and vp < v <v (see Figure F.25) and produces as output a horizontally filtered version of the input array, row
by row.

a(u, v)
HOR_SD alu, v)
Uy, Uy Vo, V)
T.800(15)_FF.25
—TFigure F:25=Tnputsamd-vutputs of thie HOR—SDprocedure

As illustrated in Figure F.26, the HOR _SD procedure applies the one-dimensional sub-band decomposition (1D_SD
procedurd) to each row of the input array a(u, v) and stores the result back in each row.

X@y=a(u, v)

!

Y(u) = 1D_SD(X(w), iy, i)

!

a(u, v) = Y(u)

l

v=y+1

}

vy,

No

Yes

Done

T.800(15)_FF.26

Figure F.26 — The HOR_SD procedure

© ISO/IEC 2019 - All I"lghtS reserved Rec. ITU-T T.800 (06/2019) 127


https://iecnorm.com/api/?name=cd5a816c278deb2177f24c99c1beea76

ISO/IEC 15444-1:2019 (E)

F.4.5 The 2D_DEINTERLEAVE procedure (informative)

As illustrated in Figure F.27, the 2D DEINTERLEAVE procedure de-interleaves the coefficients of a(u, v) into four
sub-bands. The arrangement is dependent on the coordinates (uo, vo) of the first coefficient of a(u, v).

The way these sub-bands are formed from the output a(u, v) of the HOR SD procedure is described by the
2D DEINTERLEAVE procedure illustrated in Figure F.28.

Dyl >

a(, v) Doyt
L
2D DEINTERLEAVE a

Uy, Uy, Vg, V) - levLH

— el —

Dlevtiti )

120000V EE27
T

Figure F.27 — Parameters of 2D_DEINTERLEAVE procedure
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2D_DEINTERLEAVE

v

b =levLL
u, =luy21
v, = |—v0/2w

L
«

ay(uy, v,) = a(2uy, 2v,)

ISO/IEC 15444-1:2019 (E)

v
b = levHL
uy =Luy2l
v, = rvnfﬂ

y

ay(uy, vi) = au, + 1, 2v,)

v v
u, =u,+ 1 u, =u,+1
No No
u, =[ 1421 Yes w, =Luy2] Yes
1 vy = vt 4 v)=vt+1
No v, 2 rvl/z'l Yes
Yes
! l
b =levLH b =levHH
u, =luy21 uy = Luy2]
v, = Lvy/2] v, =Lvy2]
ic3 k"
ayuy, vy) = a(2uy, 2v,+71) ayuy vy) = a2, + 1,2v, + 1)
v v
i, = u,+ 1 u, = u,+ 1
No wy >l u,/2] No uy > Lu /2]
u, = |—u0/2-| ﬁcs uy, = |_u(,/ 2] TYCS
* Vp = Vb+ I 1 Vp = vb+ 1
No Yes

©ISO/IEC
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The 1D_SD procedure (informative)

As illustrated in Figure F.29, the 1D _SD procedure takes as input a one-dimensional array X(i), the extent of its
coefficients as indicated by ip < i <. It produces as output an array Y(i), with the same indices (io, i1).

For signa
integer, aj

For signal
first uses
signal X,
signal Y.

F.4.7
The 1D

—X>

IDSD —1
i(l’ i]

T.800(15)_FF.29

Figure F.29 — Parameters of the 1D_SD procedure

s of length one (i.e., io =i1— 1), the 1D_SD procedure sets the value of Y(io) to Y(io) = X(io) if 7o
d to Y(io) = 2X(io) if io is an odd integer.

s of a length greater than or equal to two (i.e., io < i — 1), as illustrated in Figure F.30, the.1D_SD
the 1D _EXTD procedure to extend the signal X beyond its left and right boundaries gesulting in thg
, and then uses the 1D FILTD procedure to filter the extended signal X, and pteduce the desir

ID SD

X,, = 1D _EXTD(X, i)

!

Y, = 1D FILTD(X,,, iy, i)

Done

T.800(19)_FF.30

Figure F.30 — The 1D_SD procedure

The 1D_EXTD procedure (informative)

XTD-procedure is identical to the 1D_EXTR procedure, except for the values of the iy, iyigp,

and lrights

S an even

procedure
extended
bd filtered

77 lleﬁse

|, \patameters, which are given in Tables F.8 and F.9.
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Table F.8 — Extension to the left

o left, , Ieft,.,
even 2
odd
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Table F.9 — Extension to the right

i irights-s iright,_7
odd 2 4
even 1 3

F.4.8  The 1D_FILTD procedure (informative)

:2019 (E)

This Recommendation | International Standard specifies one irreversible procedure (1D_FILTDo.71) and one reversible
filtering procedure (1D_FILTDs.3r), depending on whether the 9-7 irreversible or 5-3 reversible wavelet transformation
is selected.

As illustrated in Figure F.31, both procedures take as input an extended 1D signal X.y;, the index of the first coefficient iy,
and the index of the coefficient i; immediately following the last coefficient (i; — 1). They both produce an output signal, Y.

The even{
odd-indeX

F.4.8.1

The rever
reversible]

coefficien

Equation

Then the

and the o(

The valug

indexed coefficients of the Y signal are a low-pass downsampled version of the extended signal Xoy|
ed coefficients of the signal Y are a high-pass downsampled version of the extended signal X;.

ext

ID_FILTD |——»
i()’ il

T.800(15)_FF.31
Figure F.31 — Parameters of the 1D_FILTD procedure

[The 1D_FILTDs.3r procedure (informative)

5ible transformation described in this clause is the reversibledifting-based implementation of filtering
wavelet filter. The reversible transformation is defified’ using lifting-based filtering. The od|

ts of output signal Y are computed first for all.values of n such that {%—‘—lﬁn<{%—‘ as

F-9):

Y(2n+1)=X

ext

(@+1)- LXext(2n)+ ;(m(Zn v 2)J

bven-indexed coefficients of output signal Y are computed from the even-indexed values of extended

Jd-indexed coefficients of signal Y for all values of # such that {%} <n< [%—I as given in Equation

Y(Z”)=Xext(2n)+LY(Z”_I)JFAT(Z”H)JF ZJ

s of Y{k).are such that iy < k< i; form the output of the 1D_FILTDs.3r procedure.

while the

by the 5-3
d-indexed

given in

(F-9)

signal Xy
F-10):

(F-10)

F.4.8.2

The 1D_FIT.TDo.x procedure (informative)

The irreversible transformation described in this clause is the lifting-based DWT implementation of filtering by the 9-7
irreversible filter.

Equation (F-11) describes the four lifting steps (1 to 4) and the two scaling steps (5 and 6) of the 1D filtering performed
on the extended signal X..(#) to produce the i1 — iy coefficients of signal Y. These steps are performed in the following

order.

Ul

Firstly, step 1 is performed for all values of # such that {%—l -2<n< {E—‘ +1.

i

Then, step 2 is performed for all values of n such that {%—‘ -1<n< {51—‘ +1, and uses values calculated at step 1.
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Then, step 3 is performed for all values of n such that {%—‘ -1<n< {%—‘ , and uses values calculated at steps 1 and 2.

Then, step 4 is performed for all values of # such that {%w <n< [ —I , and uses values calculated at steps 2 and 3.

i
2
Finally, step 5 is performed for all values of n such that {%—l <n< [%—l and uses values calculated at step 3, and step 6

is performed for all values of # such that (%—‘ <n< {%—‘ and uses values calculated at step 4.

Y@2n+1)=X, (2n+1)+a(X, (2n)+ X, (2n+2)) [STEPI]
Y(2n)= X, (2n)+B(Y(2n —1)+ Y(2n +1)) |STEP2]
Y2n+1)=Y2n+1)+y(Y(2n)+Y(2n+2))  [STEP3] (F-11)
Y(2n)=Y(2n)+8(Y(2n —1)+ ¥(2n +1)) [STEP4]
Y(2n+1)=KY(2n +1) [STEPS]
Y(2n)=(1/K)Y (2n) [STEPS]

where the| values of the lifting parameters a, f3, y, 8, and K are defined in Table F.4.

The values of X(k) are such that ip < k < jj form the output of the 1D_FILTDoq.7 precedure.
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Annex G

DC level shifting and multiple component transformations

(This annex forms an integral part of this Recommendation | International Standard.)

:2019 (E)

In this annex, the flow charts and tables are normative only in the sense that they are defining an output that alternative
implementations shall duplicate.

This annex specifies DC level shifting that converts the signed values resulting from the decoding process to the proper
reconstructed samples.

This annex also describes two different multiple component transformations. These multiple component transformations

are used

Gmr\rnvp r‘nmnrpccinn P'F'Fif‘ipﬂf“l ThF‘\l are-not fP]CIfPA 1o mn]ﬁnlp combnonent fY'CIhQFan\’\Qf;nY\Q 1lS.
T T T T

>d to map

colour va
lossless ¢

G.1
Figure G.

ues for display purposes. One multiple component transformation is reversible and may be used_fd
ding. The other is irreversible and may only be used for lossy coding.

[DC level shifting of tile-components

| shows the flow of DC level shifting in the system with a multiple component transfermation.
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Figure G.1 — Placement of the DC level shifting with component transformation

D shows the flow of DC level shifting in the system without a multiple component transformation.
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Figure G.2 — Placement of'the DC level shifting without component transformation

DC level shifting of tile-components (informative)

hifting is performed.ofisamples of components that are unsigned only. It is performed prior to the co
hrd multiple compenent transformation (RCT or ICT), if one is used. Otherwise it is performed p

wavelet tfansformation described in Annex F. If the MSB of Ssiz' from the SIZ marker segment (see A.5.1) i

samples /

G.1.2

x, y) of the ith'component are level shifted by subtracting the same quantity from each sample as fol

I(x,p)« I(x,y)-2%"

»

0(19) FG.2

mputation
ior to the
s zero, all
OWS:

(G-1)

Inverse DC level shifting of tile-components
r

Inverse DC level shifting is performed on reconstructed samples of components that are unsigned only. It is performed
after the computation of the inverse multiple component transformation (RCT or ICT), if one is used. Otherwise it is
performed after the inverse wavelet transformation described in Annex F. If the MSB of Ssiz' from the SIZ marker
segment (see A.5.1) is zero, all samples /(x, y) of the ith component are level shifted by adding the same quantity from
each sample as follows:

I(x,y) «— I(x,y) 405

(G-2)

NOTE — Due to quantization effects, the reconstructed samples /(x, y) may exceed the dynamic range of the original samples. There
is no normative procedure for this overflow or underflow situation. However, clipping the value to the nearest value within the
original dynamic range is a typical solution.
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G.2 Reversible multiple component transformation (RCT)

The use of the reversible multiple component transformation is signalled in the COD marker segment (see A.6.1). The
RCT shall be used only with the 5-3 reversible filter. The RCT is a decorrelating transformation applied to the first three
components of an image (indexed as 0, 1 and 2). The three components input into the RCT shall have the same separation
on the reference grid and the same bit-depth.

NOTE — While the RCT is reversible, and thus capable of lossless compression, it may be used in truncated codestreams to provide
lossy compression.

G.2.1 Forward RCT (informative)
Prior to applying the Forward RCT, the image component samples are DC level shifted, for unsigned components.

The Forward RCT is applied to components o(x, ), 1i(x, v), (x, y) as follows:

L [ \ ax l \ z [ A |
Yo(x’y)zt o\x’y}+411kj’J’}+12\an’)J (G-3)
Y(x,y)=1,(x,»)-I,(x,») (G-4)
Y, (x,3)=1,(x,») - I,(x, ) (G-5)

If Io, I1, apd I, are normalized to the same precision, then Equations (G-4) and (G<8)result in a numeric precision of Y;
and Y that is one bit greater than the precision of the original components. This)increase in precision is negessary to
ensure reyersibility.

G.2.2 Inverse RCT

After the |nverse wavelet transformation is preformed as described.in Annex F, the following Inverse RCT is qpplied:

A@JO:%@JO—{EQJOZX@JQJ (G-6)
L(x0)=Y,(x,y)+ I,(x,) (G-7)
L(x,y)=Y(x,»)+ 1,(x,y) (G-8)

After applying the Inverse RCT, the unsigned image components are inverse DC level shifted.

G3 [[rreversible multiple component transformation (ICT)

This clause specifies annirreversible multiple component transformation. The use of the irreversible cpmponent
transformption is signalled in the COD marker segment (see A.5.1). The ICT shall be used only with the 9-7 ifreversible
filter. The ICT is a decorrelating transformation applied to the first three components of an image (indexed as 0f 1 and 2).
The three|compengnts input into the ICT shall have the same separation on the reference grid and the same bitidepth.

G.3.1 [Forward ICT (informative)

The Forward ICT is applied to image component samples Io(x, y), 1i(x, y), Io(x, y), as follows:

Y, (x,)=0.299 I,(x, )+ 0.587 I,(x, y)+ 0.114 I, (x, y) (G-9)
Y, (x,y)=—-0.16875 I,(x,y)—0.331260 I,(x,y)+0.5 I,(x,y) (G-10)
Y,(x,3)=0.5 I,(x,)—0.41869 I,(x,y)—0.08131 I,(x,y) (G-11)

NOTE - If the first three components are Red, Green and Blue components, then the Forward ICT is of a YCbCr transformation.
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G.3.2 Inverse ICT

After inverse wavelet transformation is performed as described in Annex F, the following Inverse ICT is applied:

I,(x,y) =Yy (x, ) +1.402 Y,(x,y) (G-12)
L (x,y)=Y(x, )~ 0.34413 Y(x,»)-0.71414 Y,(x,y) (G-13)
L(x,y)=Y(x,»)+1.772 ¥(x,») (G-14)

Equations (G-12), (G-13) and (G-14) do not imply a required precision for the coefficients. After applying the Inverse
ICT, the unsigned image component samples are inverse DC level shifted.

G4 (Chrominance component sub-sampling and the reference grid

The relatipnship between the components and the reference grid is signalled in the SIZ marker (see A.5.0)yand|described
in B.2.
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Annex H

Coding of images with regions of interest

(This annex forms an integral part of this Recommendation | International Standard.)

In this annex, the flow charts and tables are normative only in the sense that they are defining an output that alternative
implementations shall duplicate.

This annex describes the region of interest (ROI) technology. An ROI is a part of an image that is coded earlier in the
codestream than the rest of the image (the background). The coding is also done in such a way that the information
associated with the ROI precedes the information associated with the background. The method used (and described in
this annex) is the Maxshift method.

H.1 Il)ecoding of ROI

The procgdure specified in this clause is applied only in the case of the presence of an RGN markernsegment (jndicating
the preserjce of an ROI).

The proc¢dure realigns the significant bits of ROI coefficients and background coefficients.” It is defined [using the
following|steps:

1) Get the scaling value, s, from the SPrgn parameter of the RGN marker segment in the cpdestream
(see A.6.3). The following steps (2, 3 and 4) are applied to each coefficiént (u, v) of sub-band b

2) If Ny(u, v) <My (see definition of Ny(u, v) in D.2.1 and of M,-in.Equation (E-2)), then no mqdification
takes place.

3) If Ni(u, v) > M, and if at least one of the first M, (see definition in E.1) MSBs (i = 1, ..., M}) is|non-zero,
then the value of Ny(u, v) is updated as Ny(u, v) = Mj.

4)  If Np(u, v) = M}, and if all first M, MSBs are equal to¢zero, then the following modifications are made:
a) discard the first s MSBs and shift the remaining MSBs s places, as described in Equation |(H-1), for

i=1,.., M
MSB,, o (b,u,v) if i+s5<Ny(u,v)
MSB;(b,u,v)= . (H-1)
0 if i+ 5> Np(u,v)
b) update the value of Nx(u; v) as given in Equation (H-2):
Nb(u,v)zmax (O,Nb(u,v)—s) (H-2)

H.2 [Description of the Maxshift method

H.2.1 [Encoding of ROI (informative)

The encofling of the-quantized transform coefficients is done in a similar way to encoding without any ROJls. At the
encoder side an ROI mask is created describing which quantized transform coefficients must be encoded with better
quality (eyendip to losslessly) in order to encode the ROI with better quality (up to lossless). The ROI mask is|a bit map

d b 4+la £ as £ () 112 £ dataal L +la 1 tad
€SCr1 1n£, IO ST COCTTICTUITS O U U T O TOT UUTaITS U IO W tIIU TITAS KIS S IIeT atolr

The quantized transform coefficients outside of the ROI mask, called background coefficients, are scaled down so that
the bits associated with the ROI are placed in higher bit-planes than the background. This means that when the entropy
coder encodes the quantized transform coefficients, the bit-planes associated with the ROI are coded before the
information associated with the background.

The method can be described using the following steps:
1) Generate ROI mask, M(x, y) (see H.3).
2) Find the scaling value s (see H.2.2).

3) Add s LSBs to each coefficient |qb (u,v} . The number M, of magnitude bit-planes will then be:

M,b ZMb+S (H-3)
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where M, is given by Equation (E-2) and the new value of each coefficient is given by:

| (e, v) =gp (,v) - 2°

(H-4)

4) Scale down all background coefficients given by M(x, y) using the scaling value s (see H.3). Thus, if

|qb (u ,v} is a background coefficient given by M(x, y), then:

lgp (u,v) = _|%§b:, )

(H-5)

5) Write the scaling value s into the codestream using the SPrgn parameter of the RGN marker segment.

H.2.2

4 41 4 J+ £ £ oo 4. 4 dad 1
STCPSTIC AT 20U T IS TOTTIT COUTITUTCUITES ~alf T UM OP y COUTU—aSaS tudars

Selection of scaling value, s, at encoder side (informative)

The scaling value, s, may be chosen so that Equation (H-6) holds, where max(M,) is the largest number.of mag

planes, se

This guar

e Equation (E-1), for any background coefficient, gzs(x, ) in any code-block in the curtent compone|

s> max(Mb)

hintees that the scaling value used will be sufficiently large to ensure all the significant bits associate

ROI will be in higher bit-planes than all the significant bits associated with the background.

H.3

The ROI
the ampli

coefficien

Clause H.|

generate {
regions. (
how the R
method n

H.3.1

To achieV

need to b
bit-plane
reconstru

To illustrd

[Remarks on region of interest coding (informative)

functionality described in H.2 depends only on the scaling value chosen on the encoder side and hen
ude of the coefficients on the decoder side. It is up to the‘encoder to generate a mask that correspo
ts that need to be encoded with better quality to yield an ROI with better quality than the ba

lause H.3.4 describes a possible way to deal with the increase of coefficient bit depth. Clause H.3.5

ay be used to encode the ROI and the background with different quality.

Region of interest mask generation (informative)

e an ROI with better quality than‘the rest of the image while maintaining a fair amount of compre
b saved by sending less infarmation for the background. To do this an ROI mask is calculated. The
indicating a set of quantized transform coefficients whose coding is sufficient in order for the 1
t the desired region with better quality than the background (up to lossless).

te the concept of RQT mask generation, let us restrict ourselves to a single ROI and a single image cd

and identify the samples that belong to the ROI in the image domain by a binary mask, M(x, y), where:

M(x, ) 1 wavelet coefficient (x, y)is needed
X, V)= . . .
=0 accuracy on (x, y) can be sacrificed without affecting ROI

hitude bit-
ht.

(H-6)

1 with the

e only on
nds to the
ckground.

3.1 describes how to generate the ROI mask for a particular region in the image. Clause H.3.2 descrifjes how to
he mask in the case of multi-component images and H.3.3 describes how to generate the ROI mask fpr disjoint

describes

OI mask can be extended so as to not correspond exactly to a region in the image domain and how thg Maxshift

ksion, bits
mask is a
bceiver to

mponent,

(H-7)

The mask

TsaTmap of the ROt imthe wavetet dommaim so that Tt has @ mom=zero vatue inside the ROt amd-6outsta

e. In each

step the LL sub-band of the mask is then updated row by row and then column by column. The mask will then indicate
which coefficients are needed at this step so that the inverse wavelet transformation will reproduce the coefficients of the
previous mask.

For example, the last step of the inverse wavelet transformation is a composition of two sub-bands into one. Then to trace
this step backwards, one finds the coefficients of both sub-bands that are needed. The step before that is a composition of
four sub-bands into two. To trace this step backwards, the coefficients in the four sub-bands that are needed to give a
perfect reconstruction of the coefficients included in the mask for two sub-bands are found.

All steps are then traced backwards to give the mask. If the coefficients corresponding to the mask are transmitted and
received, and the inverse wavelet transformation calculated on them, the desired ROI will be reconstructed with better
quality than the rest of the image (up to lossless if the ROI coefficients were coded losslessly).
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Given below is a description of how the expansion of the mask is acquired from the various filters. Similar methods can
be used for other filters.

H.3.1.1 Region of interest mask generation using the 5-3 reversible filter (informative)

In order to get the optimal set of quantized coefficients to be scaled, the following equations described in this clause
should be used.

To see what coefficients need to be in the mask, the inverse wavelet transformation is studied. Equations (F-5) and (F-6)
give the coefficients needed to reconstruct X(2n) and X(2n + 1) losslessly. It can immediately be seen that these are L(n),
Ln+1),Hmn—-1), Hn), Hn + 1) (see Figure H.1). Hence if X(2n) and X(2n + 1) are in the ROI, the listed low and high
sub-band coefficients are in the mask. Notice that X(2n) and X(2n + 1) are even and odd indexed points respectively,
relative to the origin of the reference grid.

Low High

n—1 n n+1 n—1 n n+1

2n 2n+1

X5 T.800(19)_FH.1

Figure H.1 — The inverse wavelet transformation with the 5-3 reversible filter

H.3.1.2 [Region of interest mask generation using the 9-7 irrevexsible filter (informative)

Successful decoding does not depend upon the selection of samples to be scaled. In order to get the optifal set of
quantized|coefficients to be scaled the following equations déseribed in this clause should be used.

To see what coefficients need to be in the mask, the invetse wavelet transformation is studied as in H.3.1.1. Higure H.2
shows thi§ X(2n) and X(2n + 1) are even and odd indexed points respectively, related to the origin of the reference grid.

Low High

n+3

T.800(19)_HH.2
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The coefficients needed to reconstruct X(2n) and X(2n + 1) losslessly can immediately be seen to be L(n — 1) to L(n + 2)
and H(n—2) to H(n + 2). Hence if X(2n) and X(2n + 1) are in the ROI, these low and high sub-band coefficients are in
the mask.

H.3.2  Multi-component remark (informative)

For the case of colour images, the method applies separately in each colour component. If some of the colour components
are down-sampled, the mask for the down-sampled components is created in the same way as the mask for the non-down-
sampled components.

H.3.3  Disjoint regions remark (informative)

If the ROI consists of disjoint parts, then all parts have the same scaling value s.

H.3.4  Implementation precision remark (informative)

This ROI|coding method might in some cases create situations where the dynamic range is exceeded. This,i$ however
easily solyed by simply discarding the least significant bit-planes that exceed the limit due to the down-scaling pperation.
The effect will be that the ROI will have better quality than the background, even though the entire bit stream i§ decoded.
It might However create problems when the image is coded with ROIs in a lossless mode. Discarding’least dignificant
bit-planes| for the background might result in the background not being coded losslessly and in the‘worst case|not being
reconstrugted at all. This depends on the dynamic range available.

H.3.5 |An example of the usage of the Maxshift method (informative)

The Maxshift method, as described above, allows the user/application to specify multiple fegions of arbitrary shdpe, which
will be aspigned higher priority compared to the rest of the image. The method dees nhot require encoding or ddcoding of
the ROI shape.

The Maxghift method allows the implementers of an encoder to exploit a pumber of functionalities that are sugported by
a compliapt decoder. For example, it is possible to use the Maxshift method to encode an image with different quality for
the ROI apd the background. The image is quantized so that the ROI, gets the desired quality (lossy or lossless) and then
the Maxshift method is applied. If the image is encoded progressively by layer, not all of the layers of the wavelet
coefficients belonging to the background need be encoded. This.corresponds to using different quantization stgps for the
ROI and the background.

If the RO] is to be encoded losslessly, the most optimal st of wavelet coefficients giving a lossless result for fhe ROI is
described|by the mask generated using the algorithms-described in H.3.1 However, the Maxshift method suppofts the use
of any mafsk since the decoder does not need to generate the mask. Thus, it is possible for the encoder to includ¢ an entire
sub-band,|e.g., the low-low sub-band, in the ROI mask and thus send a low-resolution version of the backgrgund at an
early stagp of the progressive transmission. This is done by scaling all the quantized transform coefficients of|the entire
sub-band.|In other words, the user can decide in which sub-band he will start coding ROI and thus, it is not negessary to
wait for the entire ROI before receivinig any information for the background.
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Annex I

JP2 file format syntax

(This annex forms an integral part of this Recommendation | International Standard.
This annex is optional for the minimum decoder.)

In this annex, the flow charts and tables are normative only in the sense that they are defining an output that alternative

implementations shall duplicate.

eir needs.
hex.

mage;

rty rights

ed in files

I.1 File format scope
This annex defines an optional file format that applications may choose to use to wrap JPEG 2000 compressed image
data. While not all applications will use this format, many applications will find that this format meets_th
However,|those applications that do implement this file format shall implement it as described in this entite\an
This annefx:
- specifies a binary container for both image and metadata;
—  specifies a mechanism to indicate image properties, such as the tonescale or golourspace of the
—  specifies a mechanism by which readers may recognize the existence of intellectual propg
information in the file;
- specifies a mechanism by which metadata (including vendor-specific, information) can be includ
specified by this Recommendation | International Standard.
1.2 ntroduction to the JP2 file format

The JPEG 2000 file format (JP2 file format) provides a foundation\for storing application specific data (md
association with a JPEG 2000 codestream, such as information ‘which is required to display the image.

s require a similar set of information to be associated with the compressed image data, it is useful to
format offthat set of data along with the definition of the compression technology and codestream syntax.

tadata) in
As many
define the

Conceptuglly, the JP2 file format encapsulates the JPEG“2000 codestream along with other core pieces of infformation

about that codestream. The building-block of the JP2-file format is called a box. All information contained with
file is encppsulated in boxes. This Recommendation®| International Standard defines several types of boxes; the
of each splecific box type defines the kinds of.information that may be found within a box of that type. Some |
be defined to contain other boxes.

1.2.1 ile identification

JP2 files ¢an be identified using.s€veral mechanisms. When stored in traditional computer file systems, JP2 fi

in the JP2
definition
poxes will

es should

be given fhe file extension "jp2™ (readers should allow mixed case for the alphabetic characters). On Macintosh file

systems, JP2 files should be given the type code 'jp2\040'".

1.2.2 ile organization

A JP2 filg representsa collection of boxes. Some of those boxes are independent, and some of those boxes con
boxes. Thie binary ‘structure of a file is a contiguous sequence of boxes. The start of the first box shall be the fi

tain other
rst byte of

the file, ahd.the last byte of the last box shall be the last byte of the file.

The binary structure of a box is defined in 1.4.

Logically, the structure of a JP2 file is as shown in Figure I.1. Boxes with dashed borders are optional in conforming JP2
files. However, an optional box may define mandatory boxes within that optional box. In that case, if the optional box
exists, those mandatory boxes within the optional box shall exist. If the optional box does not exist, then the mandatory

boxes within those boxes shall also not exist.
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JP2 file

JPEG 2000 Signature box (L.5.1)
File Type box (1.5.2)

JP2 Header box (superbox) (1.5.3)
Image Header box (1.5.3.1)

Bits Per Component box (1.5.3.2)
Colour Specification box 0 (1.5.3.3)

______________________________________________________

IPRbox(L6) o~ |
e A
i XML boxes (1.7.1) |
! UUID boxes (1.7.2) i

UUID Info boxes (superbox) (1.7.3)
UUID List box (1.7.34)
Data Entry URLbox (1.7.3.2)

______________________________________________________

T.800(19)_FI.1

Figure I.1 — Conceptual structure of a JP2 file

Figure I.1] specifies ofily~the containment relationship between the boxes in the file. A particular order of thos¢ boxes in
the file is jnot generally implied. However, the JPEG 2000 Signature box shall be the first box in a JP2 file, the|File Type
box shall [immediately follow the JPEG 2000 Signature box and the JP2 Header box shall fall before the Cpntiguous
Codestreambox:

The file shown in Figure I.T 1s a strict sequence of boxes. Other boxes may be found between the boxes defined in this
Recommendation | International Standard. However, all information contained within a JP2 file shall be in the box format;
byte-streams not in the box format shall not be found in the file.

As shown in Figure 1.1, a JP2 file contains a JPEG 2000 Signature box, JP2 Header box and one or more Contiguous
Codestream boxes. A JP2 file may also contain other boxes as determined by the file writer. For example, a JP2 file may
contain several XML boxes (containing metadata) between the JP2 Header box and the first Contiguous Codestream box.

L.2.3 Greyscale, colour, palette, multi-component specification

The JP2 file format provides two methods to specify the colourspace of the image. The enumerated method specifies the
colourspace of an image by specifying a numeric value that identifies the colourspace. In this Recommendation |
International Standard, images in the sSRGB and sYCC colourspaces and greyscale images can be defined using the
enumerated method.
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The JP2 file format also provides for the specification of the colourspace of an image by embedding one of a restricted
subset of ICC Input and Display profiles in the file. The restricted subset of ICC profiles is defined in 1.3.2. Their use
allows for the specification of a wide range of greyscale and RGB class colourspaces, as well as some other spaces that
can be represented by those two profile classes.

In addition to specifying the colourspace of the image, this Recommendation | International Standard provides a means
by which a single component palettized image can be decoded and converted back to a multiple-component form by the
translation from index space to multiple-component space. Any such depalettization is applied before the colourspace is
interpreted. In the case of palettized images, the specification of the colourspace of the image is applied to the multiple
component values stored in the palette.

1.2.4 Inclusion of opacity channels

The JP2 file format provides a means to indicate the presence of auxiliary channels (such as opacity), to define the type
of these channels, and to specify the ordering and source of these channels (whether they are directly extracted from the
codestreafn or generated by applying a palette to a codestream component). When a reader opens the JP2 fjle, it will
determing the ordering and type of each component. The application must then match the component detipition and
ordering from the JP2 file with the component ordering as defined by the colourspace specification.)Onde the file
componeiits have been mapped to the colour channels, the decompressed image can be processed)through any needed
colourspale transformations.

In many gpplications, components other than the colour channels are required. For example, inany images us¢d on web
pages contain opacity information; the browser uses this information to blend the image inte’ the background] It is thus
desirable to include both the colour and auxiliary channels within a single codestream.

How appljcations deal with opacity or other auxiliary channels is outside the scope of'this Recommendation | Intprnational
Standard.

1.2.5 Metadata

One impqrtant aspect of the JP2 file format is the ability to add metadata to a JP2 file. Because all infofmation is
encapsulaed in boxes, and all boxes have types, the format provides asimple mechanism for a reader to extragt relevant
informatign, while ignoring any box that contains information that is not understood by that particular reader. Irf this way,
new box¢s can be created, either through this or other&Recommendations | International Standards ¢r private
implementation. Also, any new box added to a JP2 file shall’not change the visual appearance of the image.

1.2.6 IConformance with the file format

All conforming files shall contain all boxes requifed by this Recommendation | International Standard, and thipse boxes
shall be ag defined in this Recommendation | Infernational Standard. Also, all conforming readers shall correctly interpret
all requirpd boxes defined in this Recommeéndation | International Standard and thus shall correctly inferpret all
conforming files.

L3 Greyscale/Colour/Palettized/multi-component specification architecture

One of th¢ most important aspeets of a file format is that it specifies the colourspace of the contained image datj. In order
to properlly display or interpret the image data, it is essential that the colourspace of that image is properly chafacterized.
The JP2 f]le format proyides a multi-level mechanism for characterizing the colourspace of an image.

1.3.1 [Enumerated method

The simplest method for characterizing the colourspace of an image is to specify an integer code repres¢nting the
colourspake'il which the image is encoded. This method handles the specification of SRGB, greyscale and sYCIC images.
Extensions to this method can be used to specify other colourspaces, including the definition of multi-component images.

For example, the image file may indicate that a particular image is encoded in the SRGB colourspace. To properly interpret
and display the image, an application must natively understand the definition of the sSRGB colourspace. Because an
application must natively understand each specified colourspace, the complexity of this method is dependent on the exact
colourspaces specified. Also, the complexity of this mechanism is proportional to the number of colourspaces that are
specified and required for conformance. While this method provides a high level of interoperability for images encoded
using colourspaces for which correct interpretation is required for conformance, this method is very inflexible. This
Recommendation | International Standard defines a specific set of colourspaces for which interpretation is required for
conformance.

L.3.2 Restricted ICC profile method

An application may also specify the colourspace of an image using a restricted subset of ICC profiles. This method handles
the specification of the most commonly used RGB and greyscale class colourspaces through a low-complexity method.

142 Rec. ITU-T T.800 (06/2019) © ISO/IEC 2019 - All rights reserved


https://iecnorm.com/api/?name=cd5a816c278deb2177f24c99c1beea76

ISO/IEC 15444-1:2019 (E)

An ICC profile is a standard representation of the transformation required to convert one colourspace into another
colourspace. With respect to the JP2 file format, an ICC profile defines how decompressed samples from the codestream
are converted into a standard colourspace (the Profile Connection Space (PCS)). Depending on the original colourspace
of the samples, this transformation may be either very simple or very complex.

ISO 15076-1defines two classes of ICC profiles, Input and Display, with profile types that are simple to implement. They
are the Monochrome and Three-Component Matrix-Based Input Profiles and the Monochrome and Three-Component
Matrix-Based Display profiles. These profiles limit the transformation from the source colourspace to the PCSxvz to the
application of either a non-linearity curve in the case of the Monochrome Input and Display profiles or a non-linearity
curve and a 3 x 3 matrix in the case of the Three-Component Matrix-Based Input and Display Profiles. All applications,
including simple devices, are expected to be able to process the image through these transformations. All conforming
applications are required to correctly interpret the colourspace of any image that specifies the colourspace using this
restricted subset of possible ICC profile types. Although restricted, these ICC profiles are fully compliant ICC profiles
and the image can therefore be processed through any ICC compliant engine that supports profiles as defined in
ISO 150764

For the JI2 file format, profiles shall conform to the ICC profile definition as defined by ISO 15076-1 \including the
restrictions specified above. Clause J.8 has a more detailed description of the legal colourspace transforms, how these
transformp are stored in the file, and how to process an image using this transform without using an I¢C colour
managempnt engine.

1.3.3 Using multiple methods

Architectyirally, the format allows for multiple methods to be embedded in a file and"allows other standards| to define
additionall enumerated methods and to define extended methods. This provides readérs,conforming to these extensions a
choice as|to what image processing path should be used to interpret the colourspace of the image. Howevef, the first
method fqund in the file (in the first Colourspace Specification box in the JP2 Header box) shall be one of th¢ methods
as defined and restricted in this Recommendation | International Standard. A.conforming reader shall use that fifst method
and ignor¢ all other methods (in additional Colourspace Specification boxés) found in the file.

1.3.4 Palettized images

In additiop to specifying the interpretation of the image in term$ of colourspace, this Recommendation | Intprnational
Standard pllows for the decoding of a single component where the value of that single component represents an index
into a pglette of colours. The input of a decompress¢d sample to the palette converts the single vplue to a
multiple-¢omponent tuple. The value of that tuple represents the colour of that sample; that tuple shall then be ipterpreted
according|to the other colour specification methods (Enumerated or Restricted ICC) as if that multiple-compongnt sample
had been {lirectly extracted from multiple componenfts in the codestream.

L.3.5 Interactions with the decorrelating’ multiple component transform

The specification of colour within theJP2file format is independent of the use of a multiple component transfformation
within th¢ codestream (the CSsiz parameter of the SIZ marker segment as specified in A.5.1 and in Annex G). The
colourspale transformations specified through the sequence of Colour Specification boxes shall be applied to fthe image
samples alfter the reverse multiple component transformation has been applied to the decompressed samples. [While the
application of these decorrélating component transformations is separate, the application of an encoder-basedl multiple
componeit transformationwill often improve the compression of colour image data.

L.3.6 Key to graphical descriptions (informative)

Each box|is deScribed in terms of its function, usage and length. The function describes the information contaiped in the
box. The psage-describes the logical location and frequency of this box in the file. The length describes which $rameters

M 4l 1 -l el 1
determine-the TCITZIT OT tITC DOX:

These descriptions are followed by a figure that shows the order and relationship of the parameters in the box. Figure 1.2
shows an example of this type of figure. A rectangle is used to indicate the parameters in the box. The width of the
rectangle is proportional to the number of bytes in the parameter. A shaded rectangle (diagonal stripes) indicates that the
parameter is of varying size. Two parameters with superscripts and a grey area between them indicate a run of several of
these parameters. A sequence of two groups of multiple parameters with superscripts separated by a grey area indicates a
run of that group of parameters (one set of each parameter in the group, followed by the next set of each parameter in the
group). Optional parameters or boxes will be shown with a dashed rectangle.
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8-bit parameter 32-bit parameter Run of N parameters
C D E g Q° s q P g P
Variable size parameter Run of M sets of parameters
T.800(19)_FI.2
Figure 1.2 — Example of the box description figures
The figure | ¢ ist that describes the meani 2 in the bo parameters are repeated, the

arameters is defined. As an example, in Figure 1.2, parameters C, D, E and Falre 8-, 16-,
32-bit and variable length respectively. The notation G° and GN! implies that there are N different parameters, G, in a
row. The group of parameters H® and HM!, and J° and JM-! specify that the box will contain H, followed by J% followed
by H! and J!, continuing to HM! and JM! (M instances of each parameter in total). Also, the field E'is optiona] and may
not be foynd in this box.

After the list is a table that either describes the allowed parameter values or provides referencé€s.t0 other tables thgt describe
these vales.

In additioh, in a figure describing the contents of a superbox, an ellipsis (...) will bedused to indicate that the contents of
the file bgtween two boxes are not specifically defined. Any box (or sequence of\boxes), unless otherwise spgcified by
the definition of that box, may be found in place of the ellipsis.

For example, the superbox shown in Figure 1.3 must contain an AA box and.a BB box, and the BB box must follow the
AA box. However, there may be other boxes found between boxes AA @nd BB. Dealing with unknown boxes is|discussed
in 1.8.

“AA| ] BB

T.800(15)_FI1.3
Figure 1.3 — Example of the superbox description figures

1.4 [Box definition

Physically, each object in the file is\encapsulated within a binary structure called a box. That binary strudture is as
in Figure [.4:

LBox TBox XLBox

T.800(15)_F

DBox

4

Figure 1.4 — Organization of a box

LBox: Box length. This field specifies the length of the box, stored as a 4-byte big-endian unsign¢d integer.
This value includes all of the fields of the box, including the Iength and type. If the value of this field
is 1, then the XLBox field shall exist and the value of that field shall be the actual length of the box.
If the value of this field is 0, then the length of the box was not known when the LBox field was
written. In this case, this box contains all bytes up to the end of the file. If a box of length 0 is contained
within another box (its superbox), then the length of that superbox shall also be 0. This means that
this box is the last box in the file. The values 2-7 are reserved for ITU-T | ISO use.

TBox: Box type. This field specifies the type of information found in the DBox field. The value of this field
is encoded as a 4-byte big-endian unsigned integer. However, boxes are generally referred to by an
ISO/IEC 646 character string translation of the integer value. For all box types defined within this
Recommendation | International Standard, box types will be indicated as both character string
(normative) and as 4-byte hexadecimal integers (informative). Also, a space character is shown in the
character string translation of the box type as "\040". All values of TBox not defined within this
Recommendation | International Standard are reserved for ITU-T | ISO use.
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XLBox: Box extended length. This field specifies the actual length of the box if the value of the LBox field is

1. This field is stored as an 8-byte big-endian unsigned integer. The value includes all of th
the box, including the LBox, TBox and XLBox fields.

e fields of

DBox: Box contents. This field contains the actual information contained within this box. The format of the

box contents depends on the box type and will be defined individually for each type.

Table 1.1 — Binary structure of a box

Field name Size (bits) Value
0,1, or
LBox 32 8 to (232_ 1)
TBox 32 Variable
64 16 to (264 1); if LBox = 1
XLBox 0 Not applicable; if LBox # 1
DBox Variable Variable
For example, consider the illustration in Figure 1.5 of a sequence of boxes, including one box that contains othgr boxes:
Box 0 Box 1 Box 4
Box 2 Box 3
_Box, LBox, LBox, LBox]
T|800(19)_FL.5
LBox,
Figure 1.5 — Illustration of box lengths
As shown| in Figure 1.5, the length of each box incliudes any boxes contained within that box. For example, the length of
Box 1 includes the length of Boxes 2 and 3, in.addition to the LBox and TBox fields for Box 1 itself. In this dase, if the
type of B¢x 1 was not understood by a reader;it'would not recognize the existence of Boxes 2 and 3 because they would
be complgtely skipped by jumping the lengthrof Box 1 from the beginning of Box 1.
Table 1.2 [ists all boxes defined by this. Recommendation | International Standard. Indentation within the tabld indicates
the hierarghical containment structure of the boxes within a JP2 file.
Table 1.2 — Defined boxes
Box name Type Superbox Required? Comments
. 'iP\040\040' . This box uniquely identifies the file as
JPEG 2040 Sigaatyre box (0x6A50 2020) No Required | 1o part of the JPEG 2000 famil{ of files.
This box specifies file type, versioh and
Foyp' Tompatibitity Trformatior; nctuding
File Type box (Ox667zp7970) No Required specifying if this file is a conforming JP2
file or if it can be read by a conforming JP2
reader.
ip2h' . This box contains a spries of boxes that
JP2 Header box (0x6A70 3268) Yes Required %(fgtam header-type information about the
hdr This box specifies aspects of the reference
Image Header box (0x6968 6472) No Required gpd geometry, number of components and
bit depth.
bce This box specifies the bit depth of the
Bits Per Component box p No Optional components in the file in cases where the bit
(0x6270 6363) ;
depth is not constant across all components.
. . 'colr’ . This box specifies the colourspace of the
Colour Specification box (0x636F 6C72) No Required image.
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Table 1.2 — Defined boxes

Box name Type Superbox Required? Comments
elr! This box specifies the palette which maps a
Palette box (0x70%c3 6C72) No Optional single component in index space to a
multiple-component image.
Component Mappin, ‘cmap' . This box specifies the mapping between a
P ppIng P No Optional
box (0x636D 6170) palette and codestream components.
This box specifies the type and ordering of
o 'cdef' . the components within the codestream, as
Channel Definition box (0x6364 6566) No Optional well as those created by the application of a
palette.
R res\Q4Q' This box contains the griﬂ resolution.
esoJution box (0x7265 7320) Yes Optional
(apture Resolution 'resc’ No Optional This box specifies the grid resolutipn at
bpx (0x7265 7363) P which the image was capfured.
Default Display 'resd’ No Optional This box specifies the default grid fresolution
Rlesolution box (0x7265 7364) P at which the image should be displayed.
. 'jp2c' . This box contains:the codestream gs defined
Contiguopis Codestream box (0x6A70 3263) No Required by Annex A
jp2i' . This boX centains intellectual property
Intellectupl Property box (0x6A70 3269) No Optional information about the image.
eml\040' This'\box provides a tool by which [vendors
XML boH (0x786D 6C20) No Optional can’add XML formatted informati¢n to a
X IP2 file.
uid' This box provides a tool by which [vendors
UUID bok (07575 6964) No Optiohal can add additional information to { file
without risking conflict with other|vendors.
inf This box provides a tool by which ja vendor
UUID Info box Yes Optional may provide access to additional
(0x7569 6E66) information associated with a UUID.
. 'ulst' . This box specifies a list of UUIDs
UUID List box (0x7563 7374) No Optional
'url\040' . This box specifies a URL.
URL |box (0x7572 6C20) No Optional

| B [Defined boxes

The following boxes shall properly be interpreted by all conforming readers. Each of these boxes conforms to thg standard
box structure as defined in [.4. The,following clauses define the value of the DBox field from Table 1.1 (the contents of
the box). |t is assumed that th¢ bBox, TBox and XLBox fields exist for each box in the file as defined in .4.

L5.1 UJPEG 2000 Signature box

The JPE( 2000 Signature box identifies that the format of this file was defined by the JPEG 2000 Recommgndation |
Internatiopal Standard, as well as providing a small amount of information which can help determine the validlity of the
rest of the| file.(The JPEG 2000 Signature box shall be the first box in the file, and all files shall contain one and only one
JPEG 20Q0.Signature box.

The type of the JPEG 2000 Signature box shall be 'jP\040\040' (0x6A50 2020). The length of this box shall be 12 bytes.
The contents of this box shall be the 4-byte character string '<KCR><LF><0x87><LF>' (0xOD0OA 870A). For file
verification purposes, this box can be considered a fixed-length 12-byte string which shall have the value:
0x0000 000C 6A50 2020 ODOA 870A.

The combination of the particular type and contents for this box enable an application to detect a common set of file
transmission errors. The CR-LF sequence in the contents catches bad file transfers that alter newline sequences. The final
linefeed checks for the inverse of the CR-LF translation problem. The third character of the box contents has its high-bit
set to catch bad file transfers that clear bit 7.

L.5.2 File Type box

The File Type box specifies the Recommendation | International Standard which completely defines all of the contents of
this file, as well as a separate list of readers, defined by other Recommendations | International Standards, with which this
file is compatible, and thus the file can be properly interpreted within the scope of that other standard. This box shall
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immediately follow the JPEG 2000 Signature box. This differentiates between the standard which completely describes
the file, from other standards that interpret a subset of the file.

All files shall contain one and only one File Type box.

The type of the File Type box shall be 'ftyp' (0x6674 7970). The contents of this box shall be as in Figure 1.6:

1.5.3

BR:

| | | |

| | I N- |
BR MinV | ! o A |
| |

T.800(19)_F1.6

Figure 1.6 — Organization of the contents of a File Type box

Brand. This field specifies the Recommendation | International Standard which completely defines

MinV:

CL':

f this field

is defined in Table 1.3:

Table 1.3 — Legal Brand values

Value Meaning

'jp2\040' Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex I
(This Recommendation | International Standard)

other values Reserved for other ITU-T | ISO uses

Othér values of the Compatibility list field are reserved for ITU-T | ISO use.
The number of CL! fields is determined by the length of this box.

In addition, the Brand field shall be considered functionally €quivalent to a major version jumber. A
major version change (if there ever is one), representing an ii¢ompatible change in the JP2 file format,
shall define a different value for the Brand field.

If the value of the Brand field is not 'jp2\040', then a value of 'jp2\040' in the Compatjbility list
indicates that a JP2 reader can interpret the filednthe manner intended by the creator of th¢ file.

Minor version. This parameter defines the minor version number of this JP2 specification [for which
the file complies. The parameter is defined as a 4-byte big-endian unsigned integer. The value of this
field shall be zero. However, readers shall continue to parse and interpret this file even if the value of
this field is not zero.

Compatibility list. This field. specifies a code representing this Recommendation | International
Standard, another standard, orla’profile of another standard, to which the file conforms. This field is
encoded as a four-byte strinnglof ISO/IEC 646 characters. A file that conforms to this Recominendation
| International Standardlshall have at least one CL' field in the File Type box, and shall cpntain the
value 'jp2\040' in gne-of the CL! fields in the File Type box, and all conforming readers shall properly
interpret all files with 'jp2\040' in one of the CL' fields

If one of the CL! figlds contains the value "J2P0" then the first codestream contained within this [JP2 file is

restricted @sdescribed for Profile-0 from Table A.45.

If one of the EL! fields contains the value "J2P1" then the first codestream contained within this [JP2 file is

restricted as described for Profile-1 from Table A.45.

Table 1.4 — Format of the contents of the File Type box

Field name Size (bits) Value
BR 32 0to(23%1)
MinV 32 0
CLi 32 0to(2°>-1)

JP2 Header box (superbox)

The JP2 Header box contains generic information about the file, such as the number of components, colourspace and grid
resolution. This box is a superbox. Within a JP2 file, there shall be one and only one JP2 Header box. The JP2 Header
box may be located anywhere within the file after the File Type box but before the Contiguous Codestream box. It also
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must be at the same level as the JPEG 2000 Signature and File Type boxes (it shall not be inside any other superbox

within the file).

The type of the JP2 Header box shall be 'jp2h' (0x6A70 3268).

This box contains several boxes. Other boxes may be defined in other standards and may be ignored by conforming
readers. Those boxes contained within the JP2 Header box that are defined within this Recommendation | International
Standard are as in Figure 1.7:

ithdr | -

bpcc cee CO]I‘G CC’]I'n ! “ee pclr cee cmap cee cdef cee

res

ihdr:

bpcc:

colr':

pclr:

cdef:

res:

cmap:

T.800(19)_FI.7

Figure 1.7 — Organization of the contents of a JP2 Header box

Image Header box. This box specifies information about the reference grid geometryj bit
the number of components. This box shall be the first box in the JP2 Header box.

depth and

Bits Per Component box. This box specifies the bit depth of each component in/the codestfeam after
decompression. Its structure is specified in 1.5.3.2. This box may be found anywliere in the JP2 Header

box provided that it comes after the Image Header box.

Colour Specification boxes. These boxes specify the colourspace of the decompressed imgge. Their
structures are specified in 1.5.3.3. There shall be at least one Colouf Specification box withilin the JP2
Header box. The use of multiple Colour Specification boxes provides the ability for a decpder to be
given multiple optimization or compatibility options for colourprocessing. These boxes may be found
anywhere in the JP2 Header box provided that they comgafter the Image Header box. All Colour

Specification boxes shall be contiguous within the JP2 Header box.

Palette box. This box defines the palette to be used t0 create multiple components from a single

component. Its structure is specified in 1.5.3.4. This*box may be found anywhere in the J
box provided that it comes after the Image Header box.

Component Mapping box. This box defines how image channels are identified from

P2 Header

he actual

components in the codestream. Its structyre is specified in 1.5.3.5. This box may be found janywhere

in the JP2 Header box provided that.if.comes after the Image Header box.

Channel Definition box. This box-defines the channels in the image. Its structure is specified|in .5.3.6.
This box may be found anywheré“in the JP2 Header box provided that it comes after the Imape Header

box.

Resolution box. This bax specifies the capture and default display grid resolutions of the

image. Its

structure is specified:in‘1.5.3.7. This box may be found anywhere in the JP2 Header box provided that

it comes after the Image Header box.

I.5.3.1 [Image Header box

This box fontains fixed length generic information about the image, such as the image size and number of components.
The contents of the JP2<Header box shall start with an Image Header box. Instances of this box in other places|in the file
shall be ignored. Thellength of the Image Header box shall be 22 bytes, including the box length and type fields. Much
of the infgrmation\within the Image Header box is redundant with information stored in the codestream itself.

All referehces to/"the codestream” in the descriptions of fields in this Image Header box apply to the codestrgam found
in the firs§ Gontiguous Codestream box in the file. Files that contain contradictory information between the Imape Header

box and the first codestream are not conforming files. However, readers may choose to attempt to read these files by using
the values found within the codestream.

The type of the Image Header box shall be 'ihdr' (0x6968 6472) and the contents of the box shall have the format as in

Figure 1.8:
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IPR
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Figure 1.8 — Organization of the contents of an Image Header box
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HEIGHT:

WIDTH:

ISO/IEC 15444-1:2019 (E)

Image area height. The value of this parameter indicates the height of the image area. This field
is stored as a 4-byte big-endian unsigned integer. The value of this field shall be Ysiz — YOsiz,
where Ysiz and YOsiz are the values of the respective fields in the SIZ marker in the codestream.
See Figure B.1 for an illustration of the image area. However, reference grid points are not
necessarily square; the aspect ratio of a reference grid point is specified by the Resolution box.
If the Resolution box is not present, then a reader shall assume that reference grid points are
square.

The HEIGHT is not always the same as the default image height. See 1.5.3.1.1 for formulae
specifying the default image dimensions when no other rendering information is present. The
HEIGHT value will always be an upper bound on the default image height.

Image area width. The value of this parameter indicates the width of the image area. This field
is stored as a 4-byte big-endian unsigned integer. The value of this field shall be Xsiz — XOsiz,
where Xsiz and XOsiz are the values of the respective fields in the SIZ marker in the codestream.

INC:

BPC:

UnkC:

SCC Figuw Bi fUI dll ﬁiubleLiUIl Uf LhC iIIldgC dICd. HUWCVCI, leClCIlLC glld pUi[ S are not
necessarily square; the aspect ratio of a reference grid point is specified by the Resolfition box.
If the Resolution box is not present, then a reader shall assume that referencé grid points are
square.

The WIDTH is not always the same as the default image width. See\k5.3.1.1 for| formulae
specifying the default image dimensions when no other rendering information is pr¢sent. The
WIDTH value will always be an upper bound on the default image‘width.

Number of components. This parameter specifies the number(oficomponents in the cpdestream
and is stored as a 2-byte big-endian unsigned integer. The value of this field shall be equal to the
value of the Csiz field in the SIZ marker in the codestredm

Bits per component. This parameter specifies the bit'depth of the components in the cqdestream,
minus 1, and is stored as a 1-byte field.

If the bit depth and the sign are the same for.all components, then this parameter spegifies that
bit depth and shall be equivalent to the-yalues of the Ssiz' fields in the SIZ marker in the
codestream (which shall all be equal). If the components vary in bit depth and/or sigy, then the
value of this field shall be 255 and the JP2 Header box shall also contain a Bits Per Component
box defining the bit depth of each component (as defined in 1.5.3.2).

The low 7-bits of the value indicate the bit depth of the components. The high-bif indicates
whether the components arg;signed or unsigned. If the high-bit is 1, then the componerits contain
signed values. If the highsbit is 0, then the components contain unsigned values.

Compression type. This parameter specifies the compression algorithm used to comppress the
image data. The value of this field shall be 7. It is encoded as a 1-byte unsigned integer. Other
values are reserved for ITU-T | ISO use.

Colourspace unknown. This field specifies if the actual colourspace of the image data in the
codestream is known. This field is encoded as a 1-byte unsigned integer. Legal valugs for this
fieldare 0, if the colourspace of the image is known and correctly specified in the Cqlourspace
Specification boxes within the file, or 1 if the colourspace of the image is not known. /A value of
L\will be used in cases such as the transcoding of legacy images where the actual colopirspace of
the image data is not known. In these cases, while the colourspace interpretatior] methods
specified in the file may not accurately reproduce the image with respect to an original,|the image
should be treated as if the methods do accurately reproduce the image. Values other than 0 and
1 are reserved for ITU-T | ISO use.

IPR:

Intellectual property. This parameter indicates whether this JP2 file contains intellectual property
rights information. If the value of this field is 0, this file does not contain rights information, and
thus the file does not contain an IPR box. If the value is 1, then the file does contain rights
information and thus does contain an IPR box as defined in 1.6. Other values are reserved for
ITU-T | ISO use.
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Table 1.5 — Format of the contents of the Image Header box

Field name Size (bits) Value
HEIGHT 32 1to (2% 1)
WIDTH 32 1to (2% 1)

NC 16 1to 16 384

BPC 8 See Table 1.6
C 8 7

Unk 8 Otol

IPR 8 Oto1l

Table 1.6 — BPC values

Values (bits) Component sample precision
MSB | LSB P piep
x000 0000 Component bit depth = value + 1. From 1 bit deep to 38 bits deep
to respectively (counting the sign bit, if appropriate)
x010 0101
0XXX XXXX Components are unsigned values
1XXX XXXX Components are signed values
1111 1111 Components vary in bit depth
All other values reserved for ITU-T | ISO use

Resolution box (see 1.5.3.7.1) and the Display Resolution box (see 1.5.3.7.2). Note that image pixels might not be squa

1.5.3.1.1

Default image dimensions

— While 1.5.3.1.1 defines the default image dimensions in pixels, the relation.to physical dimensions is given by fhe Capture

[C.

In instandes where only image samples for individual components'are needed, refer directly to the componept sample
dimension equation B-2.

However,|

when some rendering is required, lacking othertendering or expansion directives, the default image d

aim to mgintain the image area aspect ratio and are computed from the codestream SIZ marker as a function
greatest Jommon divisor (gcd) of all the subsanipling factors (XRsiz®, YRsiz®) for all components of t
Specifically:

M = ged§{XRsiz’, YRsiz® | for all ¢, 0 < ¢ < Csiz}

And the default image dimensions are:

If M is eq
default inf
HEIGHT

NOTE

. . G Xviz—‘ IVXOsiz—l [Ysiz—l [YOSiZ —D
(width, height) = - " -
M M M M

[ual to on€\then the reference grid image area dimensions shown in WIDTH and HEIGHT are eq
jage width and height. Otherwise, when M > 1, the default image has dimensions smaller than W]

— For example, suppose there is a codestream with Xsiz = Ysiz = 1024 and XOsiz = 3 and YOsiz = 2. This codd

mensions
of M, the
he image.

(I-1)

1-2)

ual to the
DTH and

stream in a

JP2 file would have an Image Header box with WIDTH = 1021 and HEIGHT = 1022. The default image dimensions, however,
will depend upon the values of XRsiz and YRsiz. A couple of examples are given:

150

a) Ifany of the subsampling factors XRsiz® or YRsiz® is one, then M = 1, and the default image dimensions will equal

WIDTH and HEIGHT.

b) If XRsiz=2 and YRsiz =4, then M = 2 and the default dimensions are image width =512 — 2 =510
height =512 -1 =511.

and image

c) If there are 3 components all with XRsiz® = YRsiz® =4, then M =4 and the default image width and height are

both 256 — 1 =255.

d) If there are 3 components with XRsiz® = YRsiz? = 2, XRsiz! = YRsiz! = 3, XRsiz? = YRsiz? = 2, then
the default image dimensions will equal WIDTH and HEIGHT.

M =1, and
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1.5.3.2 Bits Per Component box

The Bits Per Component box specifies the bit depth of each component. If the bit depth of all components in the
codestream is the same (in both sign and precision), then this box shall not be found. Otherwise, this box specifies the bit
depth of each individual component. The order of bit depth values in this box is the actual order in which those components
are enumerated within the codestream. The exact location of this box within the JP2 Header box may vary provided that
it follows the Image Header box.

There shall be one and only one Bits Per Component box inside a JP2 Header box.

The type of the Bits Per Component box shall be bpcc' (0x6270 6363). The contents of this box shall be as in Figure 1.9:

_ n
S g
[a )
&= 2
jaal
L[ [__It800(15)_FL9

Figure 1.9 — Organization of the contents of a Bits Per Component box

BPCi:  Bits per component. This parameter specifies the bit depth of component i, mihus 1, endoded as a
1-byte value. The ordering of the components within the Bits Per Component’box shall bg the same
as the ordering of the components within the codestream. The number of BPC fields shall b¢ the same
as the value of the NC field from the Image Header box. The value of this/ficld shall be equivalent to
the respective Ssiz! field in the SIZ marker in the codestream.

The low 7-bits of the value indicate the bit depth of this component,<Fhe high-bit indicates whether the
component is signed or unsigned. If the high-bit is 1, then the\component contains signed|values. If
the high-bit is 0, then the component contains unsigned values.

Table 1.7 — Format of the contents of the Bits Per Component box

Field name Size (bits) Value
BPC! 8 See Table 1.8

Table:l.8 — BPC! values

Values (bits) Component sample precision
MSB LSB P ple P
x000 0000 Component bit depth = value + 1. From 1 bit deep to 38 bits deep
to respectively (counting the sign bit, if appropriate)
x010 0101
0XXX XXX% Components are unsigned values
1XXX XXXX Components are signed values
All other values reserved for ITU-T | [SO use

1.5.3.3 |Colour Specification box

Each Colpur Specification box defines one method by which an application can interpret the colourspace of the
decomprepsed image data. This colour specification is to be applied to the channel, representing signed or{ unsigned
integers, dnd associated with colonrs a(‘(‘m‘ding to the Channel Definition box (see 15 3 6) The reconstricted humerical
values of channel number i are to be interpreted using the value BPC' in combination with the relevant colourspace
definition.

The symbol BPC! is defined here as follows: It shall be identical to the value of the Bi field of the Palette box (see 1.5.3.4)
if channel i is the output of palette column j, or to the value of the Bits Per Component box BPC/ if channel i is the direct
output of component j, or to the value of the BPC field of the Image Header box if no Bits Per Component box is present.
BPC' identifies the number of bits (bit precision) of the numerical values carried by channel i, including the sign bit if
present, minus one.

If the colourspace is defined by an ICC profile, the input channels should carry unsigned values; usage of signed samples
is discouraged and currently not defined by the ICC. The values x' of channel i shall be mapped to device colour values
di, as follows:

di — Lmaxi *® Xi / (2BPCi+1 _ 1)
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Here, Lmax! is the maximum input value associated with the relevant ICC tone reproduction curve.

If the colourspace is an enumerated colourspace and the values x' for channel i are unsigned quantities, they shall be
mapped to colour values d according to

d' = Lmin' + (Lmax' — Lmin’) * x' / (2BPC¢I*1 1)

for the purpose of establishing a correct interpretation with respect to the colourspace. Here, Lmin' and Lmax' are the
minimum and maximum allowed values for the relevant colour channel, in the numerical framework used to define the
colourspace.

If, however, the values x' for channel i, are signed quantities, they shall be mapped to colour values d according to
d' = Lzero' + (Lmax' — Lzero') * x' / (2(BPCI AND 0x7f) _ 1)

for the purpose of establishing a correct interpretation with respect to the colourspace. Here Lmax' is again the maximum
allowed value for the relevant colonr in the numerical framework nsed to define the r‘n]nnrqpﬂrﬁ while I zera'is the value
of channdl i in the representation of the colour that corresponds to the absence of any scene radiance, the|complete
absorptiof of visible light or the achromatic level, if this interpretation is applicable and all channel valpestarg uniquely
defined in this case.

Table 1.1 defines both the enumerated colourspaces and the corresponding values of Lzero', Lmin' and Lmgx' for this
Recommgndation | International Standard.

A JP2 fild may contain multiple Colour Specification boxes, but must contain at least onéj specifying different methods
for achieying "equivalent" results. A conforming JP2 reader shall ignore all Colour Specification boxes aftef the first.
However,|readers conforming to other standards may use those boxes as defined in.those other standards.

The type ¢f a Colour Specification box shall be 'colr' (0x636F 6C72). The contents/of a Colour Specification bpx is as in

Figure 1.10:

____________ r A ey e i |
X
T | O t :
5|2 EnumCS | PROFILE |
= o, [ |
|
_____________ LoLLLza
T.800(19)_FI.10

APPROX

Figure 1.10 — Organization, of the contents of a Colour Specification box

IMETH: Specification method. This-field specifies the method used by this Colour Specification box to define
the colourspace of the"decompressed image. This field is encoded as a 1-byte unsigned infeger. The
value of this fieldShall be 1 or 2, as defined in Table 1.9.

Table 1.9 — Legal METH values

Value Meaning

1 Enumerated Colourspace. This colourspace specification box contains the enumerated value of the colourspace of this image. The
enumerated value is found in the EnumCS field in this box. If the value of the METH field is 1, then the EnumCS shall exist {n this box
immediately following the APPROX field, and the EnumCS field shall be the last field in this box.

2 Restricted ICC profile. This Colour Specification box contains an ICC profile in the PROFILE field. This profile shall specify the
transformation needed to convert the decompressed image data into the PCSxyz, and shall conform to either the Monochromg Input, the
Three-Component Matrix-Based Input profile class, the Monochrome Display or the Three-Component Matrix-Based Display class and
contain all the required tags specified therein, as defined in ISO 15076-1. As such, the value of the Profile Connection Space field in the
profile header in the embedded profile shall be 'XYZ\040' (0x5859 5A20) indicating that the output colourspace of the profile is in the
XYZ colourspace.

Any private tags in the ICC profile shall not change the visual appearance of an image processed using this ICC profile.

The components from the codestream may have a range greater than the input range of the tone reproduction curve (TRC) of the ICC
profile. Any decoded values should be clipped to the limits of the TRC before processing the image through the ICC profile. For
example, negative sample values of signed components may be clipped to zero before processing the image data through the profile.
See J.8 for a more detailed description of the legal colourspace transforms, for how these transforms are stored in the file, and how to
process an image using that transform without using an ICC colour management engine.

If the value of METH is 2, then the PROFILE field shall immediately follow the APPROX field and the PROFILE field shall be the last
field in the box.

other | Reserved for other ITU-T | ISO uses. If the value of METH is not 1 or 2, there may be fields in this box following the APPROX field,
values | and a conforming JP2 reader shall ignore the entire Colour Specification box.
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APPROX:

EnumcCS:
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Precedence. This field is reserved for ITU-T | ISO use and the value shall be set to zero; however,
conforming readers shall ignore the value of this field. This field is specified as a signed 1-byte
integer.

Colourspace approximation. This field specifies the extent to which this colour specification
method approximates the "correct" definition of the colourspace. The value of this field shall be
set to zero; however, conforming readers shall ignore the value of this field. Other values are
reserved for other ISO uses. This field is specified as a 1-byte unsigned integer.

Enumerated colourspace. This field specifies the colourspace of the image using integer codes.
To correctly interpret the colour of an image using an enumerated colourspace, the application
must know the definition of that colourspace internally. This field contains a 4-byte big-endian
unsigned integer value indicating the colourspace of the image. If the value of the METH field
is 2, then the EnumCS field shall not exist. Valid EnumCS values for the first colourspace
specification box in conforming files are limited to 16, 17 and 18 as defined in Table 1.10:

Table 1.10 — Legal EnumCS values

Valug

Meaning

16 sRGB as defined by IEC 61966-2-1with Lmini=0 and Lmax;=255. This colourspace shallkbe‘used with channels
carrying unsigned values only.

17 greyscale: A greyscale space where image luminance is related to code values using the SRGB non-linearfty given
in Equations (2) to (4) of IEC 61966-2-1 (sRGB) specification:

where Yin is the linear image luminance valug(n the range 0.0 to 1.0 and d' is the channel input value scated
according to 1.5.3.3 with Lmin'=0 and Lmax'=1.0. The image luminance values should be interpreted rela
the reference conditions in Section 2 of EEE€ 61966-2-1.

This colourspace shall be used with channels carrying unsigned values only.

Y =d (8))
for (Y7<0.04045), Y, =Y /12.92 (1-D)
, 2.4
Y’ +Q.055
for (Y'>0.04045),Y;, =| —s ==
or (V"> Fiin ( 17055 j

ive to

18 sYCC as defined by IEC 61966-2-1._Amd. 1with Lmini=0 and Lmaxi=255. This colourspace shall be used with
channels carrying unsigned valaes only.
NOTE - It is not recommended to use the ICT or RCT specified in Annex G with sYCC image data. See [I.14 for
guidelines on handling YCC codestreams.

other valpies | Reserved for other FTU-T | ISO uses

PROFILE: ICC profile. This field contains a valid ICC profile, as specified by the ICC Profile Format
Speeification, which specifies the transformation of the decompressed image data intg the PCS.
This field shall not exist if the value of the METH field is 1. If the value of the METH]field is 2,
then the ICC profile shall conform to the Monochrome Input Profile class, the Three-Component
Matrix-Based Input Profile class, the Monochrome Display profile type or the Three-Component
Matrix-Based Display profile type as defined in ISO 15076-1.
Table I.11 — Format of the contents of the Colour Specification box
Field name Size (bits) Value
METH 8 1to2
PREC 8 0
APPROX 8 0
EnumCS 32 if METH = 1 0to(232-1)
0if METH =2 no value
PROFILE Variable Variable; see the ICC Profile Format Specification,
version ICC.1:1998-09.
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1.5.3.4 Palette box

This box specifies a palette that can be used to create channels from components. However, the Palette box does not
specify the creation of any particular channel; the creation of channels based on the application of the palette to a
component is specified by the Component Mapping box. The colourspace or meaning of the generated channel is specified
by the Channel Definition box (or specified through the defaults defined in the specification of the Channel Definition
box if the Channel Definition box does not exist). If the JP2 Header box contains a Palette box, then it shall also contain
a Component Mapping box. If the JP2 Header box does not contain a Palette box, then it shall not contain a Component

Mapping box.

There shall be at most one Palette box inside a JP2 Header box.

The type of the Palette box shall be 'pelr’ (0x7063 6C72). The contents of this box shall be as in Figure I.11:

INE:

B':

INPC:

NE NPC BU 5 CO, 0 Cl’l‘ NPC -1
m
> CNL' 1.0 I XCNL" I,NPC=1

T.800(15)_F1.11

Figure 1.11 — Organization of the.contents of the Palette box

Number of entries in the table. This value shall be in the range 1 to 1024 and is encoded &
big-endian unsigned integer.

Number of palette columns specified in the Palette box. For example, if the palette is to |
map a single index component'into a three-component RGB image, then the value of this
be 3. This field is encoded\as a 1-byte unsigned integer.

This parameter specifies the bit depth of values created by palette column i, encoded as a ]
endian integer. The low 7-bits of the value indicate the bit depth of this palette column. Th

s a 2-byte

be used to
field shall

-byte big-
e high-bit

indicates whethér.the palette column is signed or unsigned. If the high-bit is 1, then the palefte column

contains sighed values. If the high-bit is 0, then the palette column contains unsigned vz
number,ofB! values shall be the same as the value of the NPC field.

The value for entry j for palette column i. Cif values are organized in component major or
thevalues for entry j are grouped together, followed by all of the values for entry j + 1. In th
given above, this table would therefore read Ry, Gi, Bi, Ry, Go, Ba, etc. The size of Clt i
specified by field Bi. The number of palette columns shall be the same as the NPC field. T}
of CJt values shall be the number of palette columns (the NPC field) times the number of]

lues. The

der; all of
e example
the value
ie number
entries in

the palette (NE). If the value of B is not a multiple of 8, then each C/' value is padded with

zeros to a
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multiple of 8 bits and the actual value shall be stored in the low-order bits of the padded value. For
example, if the value of B! is 10 bits, then the individual C' values shall be stored in the low 10 bits

of a 16-bit field.

Table 1.12 — Format of the contents of the Palette box

Field name Size (bits) Value
NE 16 1 to 1024
NPC 8 1 to 255
Bi 8 See Table 1.13
il Variable Variable
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Table 1.13 — B! values

Values (bits) . .

MSB LSB Palette column sample precision
x00 Otoo 000 Palette column bit depth = value + 1. From 1 bit deep to 38 bits
%010 0101 deep respectively (counting the sign bit, if appropriate)

0XXX XXXX Palette column values are unsigned values

Palette column values are signed values
All other values reserved for ITU-T | ISO use.

IXXX XXXX

Component Mapping box

:2019 (E)

The Component Mapping box defines how image channels are identified from the actual components decoded from the

codestrea
palettized,
of these f]
zero, and

There shall be at most one Component Mapping box inside a JP2 Header box.

If the JP2
the JP2 H]
such that

The type
Figure I.1

m. This abstraction allows a single structure (the Channel Definition box) to specity the colour or ty]
images and non-palettized images. This box contains an array of CMPi, MTYP! and PCOL! fields."F
elds represents the definition of one channel in the image. The channels are numbered in order staj
the number of channels specified in the Component Mapping box is determined by the length 6f the

Header box contains a Palette box, then the JP2 Header box shall also contain a €Component Mappi
cader box does not contain a Component Mapping box, the components shall-be mapped directly to
Component i is mapped to channel .

of the Component Mapping box shall be ‘cmap’ (0x636D 6170). The\contents of this box shal
D:
:Q- Q._] :n_ .:-_’_]
0 ~| O PP ~| O
CMP CMP.
5| £ 5| &
T.800(15)_Fl.12
Figure 1.12 — Organization of the contents of a Component Mapping box
(CMP: This field specifies the index of the component from the codestream that is mapped to th

(either directly or through a palette). This field is encoded as a 2-byte big-endian unsigned

encoded as a 1-byte unsigned integer. Legal values of the MTYP! field are as in Table .14

Table 1.14 —- MTYP'! field values

be of both
ach group
rting with
hOX.

hg box. If
channels,

| be as in

s channel
integer.

MTYP': This field specifies how this channel is generated from the actual components in the file. This field is

Valug

Meaning

Direct use. This)channel is created directly from an actual component in the codestream. The index of the]
componentimapped to this channel is specified in the CMP' field for this channel.

Paletté.mapping. This channel is created by applying the palette to an actual component in the codestrean
index of the component mapped into the palette is specified in the CMP' field for this channel. The colum
the-palette to use is specified in the PCOL! field for this channel.

. The
n from

2 to 25

b Reserved for ITU-T | ISO use

NPalat it
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omponent

from the codestream. This field is encoded as a 1-byte unsigned integer. If the value of the MTYP!

field for this channel is 0, then the value of this field shall be 0.

Table 1.15 — Format of the contents of the Component Mapping box

Field name Size (bits) Value
CMP! 16 0to 16 384
MTYP! 8 Otol
PCOL! 8 0 to 255

Rec. ITU-T T.800 (06/2019)
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1.5.3.6 Channel Definition box

The Channel Definition box specifies the meaning of the samples in each channel in the image. The exact location of this
box within the JP2 Header box may vary provided that it follows the Image Header box.The mapping between actual
components from the codestream to channels is specified in the Component Mapping box. If the JP2 Header box does not
contain a Component Mapping box, then a reader shall map component i to channel i, for all components in the

codestream.

There shall be at most one Channel Definition box inside a JP2 Header box.

This box contains an array of channel descriptions. For each description, three values are specified: the index of the
channel described by that association, the type of that channel, and the association of that channel with particular colours.
This box may specify multiple descriptions for a single channel.

If a multiple component transform is specified within the codestream, the image must be in an RGB colourspace and the

red, green and blue colours as channels 0 1 and 2 in the codestream_respectively

The type ¢f the Channel Definition box shall be 'cdef' (0x6364 6566). The contents of this box shall be as in Fi

Typ':

N Cn Typ Asoc Cn Typ Asoc

T.800(19)_F1.18

Figure 1.13 — Organization of the contents of a Channel Definition box

Number of channel descriptions. This field specifies the numberof channel descriptions it
This field is encoded as a 2-byte big-endian unsigned integer:

Channel index. This field specifies the index of the channel*for this description. The value o
represents the index of the channel as defined within-the Component Mapping box (or
component from the codestream if the file does not,contain a Component Mapping box). Tl
encoded as a 2-byte big-endian unsigned integg€r.

Channel type. This field specifies the type ofithe channel for this description. The value o
specifies the meaning of the decompressed-samples in this channel. This field is encoded 4
big-endian unsigned integer. Legal values of this field are shown in Table 1.16:

TableJ:16 — Typ' field values

oure 1.13:

| this box.

f this field
the actual
nis field is

this field
s a 2-byte

Valug

Meaning

This channel is the colour image data for the associated colour.

Opacity. A sample value‘of 0 indicates that the sample is 100% transparent, and the maximum value of th
channel (related to the bit depth of the codestream component or the related palette component mapped tg
channel) indicates®a~100% opaque sample. All opacity channels shall be mapped from unsigned compone|

this
nts.

Premultiplied’opacity. An opacity channel as specified above, except that the value of the opacity channe
been multiplied’into the colour channels for which this channel is associated. Premultiplication is defined
follows:

amax

where S is the original sample, S, is the pre multiplied sample (the sample stored in the image, o is the val
opacity channel, and ounax is the maximum value of the opacity channel as defined by the bit depth of the

has

1-5)

lue of the
bpacity

channel.

310 (215-2)

Reserved for ITU-T | ISO use

2161

The type of this channel is not specified.

Asoc':

156 Rec. ITU-T T.800 (06/2019)

Channel association. This field specifies the index of the colour for which this channel is directly

associated (or a special value to indicate the whole image or the lack of an association). For example,
if this channel is an opacity channel for the red channel in an RGB colourspace, this field would
specify the index of the colour red. Table 1.17 specifies legal association values. Table 1.18 specifies

legal colour indices. This field is encoded as a 2-byte big-endian unsigned integer.

© ISO/IEC 2019 - All rights reserved
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Value
0 This channel is associated as the image as a whole (for example, an independent opacity channel that
should be applied to all colour channels).
1to (2'-2) This channel is associated with a particular colour as indicated by this value. This value is used to

associate a particular channel with a particular aspect of the specification of the colourspace of this
image. For example, indicating that a channel is associated with the red channel of an RGB image allows
the reader to associate that decoded channel with the Red input to an ICC profile contained within a
Colour Specification box. Colour indicators are specified in Table I.18.

2161 This channel is not associated with any particular colour.

Table 1.18 — Colours indicated by the Asoc' field

Class of Colour indicated by the following value of the Asoc' field
colourspace
1 2 3 4
RGB R G B
Greyscale Y
YCbCr Y Cb Cr

The following colourspace classes are listed for future reference, as well as to aid the

understanding of

the use of the Asoc' field:

XYZ X Y
Lab L a
Luv L u \4
YCoCr Y Cob Cr
Yxy Y X y
HSV H S \%
HLS H L S
CMYK C N Y K
CMY C M Y
Jab J a b
co?oi?lEZZes 1 2 3 4

The valuep in Table 1.18 specify indicesthat have been assigned to represent specific "colours" and do not refer fo specific
channels [or components within the‘codestream or palette). Readers must use the information contained yvithin the

Channel IDefinition box to determine which channels contain which colours.

In this bojx, channel indices-are)mapped from particular components within the codestream or palette. Colojir indices
specify hgw a particular channel shall be interpreted based on the specification of the colourspace of the imdge. There
shall be ofpe channel definition in this box for every colour required by the colourspace specification of this file ag specified
by the Colourspace, Spécification box.

For example, the'green colour in an RGB image is specified by a {Cn, Typ, Asoc} value of {i, 0, 2}, where i if the index
of that cHanriel-(either directly or as generated by applying the reverse multiple component transform to the actual
componeiptsun the codestream). Applications that are only concerned with extracting the colour channels can treat the

Typ/Asoc field pair as a four-byte value where the combined value maps directly to the colour indices (as the Typ field
for a colour channel shall be 0).

In another example, the codestream may contain a channel i that specifies opacity blending samples for the red and green
channels, and a channel j that specifies opacity blending samples for the blue channel. In that file, the following
{Cn, Typ, Asoc} tuples would be found in the Channel Definition box for the two opacity channels: {7, 1, 1}, {i, 1, 2}

and {j, 1, 3}.

There shall not be more than one channel in a JP2 file with a the same Typ' and Asoc! value pair, with the exception of
Typ' and Asoc' values of 216 1 (not specified). For example a JP2 file in an RGB colourspace shall only contain one green
channel, and a greyscale image shall contain only one grey channel. There shall be either exactly one opacity channel,
exactly one pre-multiplied opacity channel, or neither associated with a single colour channel in an image.

© ISO/IEC 2019 - All rights reserved
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If the codestream contains only colour channels and those channels are ordered in the same order as the associated colours
(for example, an RGB image with three channels in the order R, G, then B), then this box shall not exist. If there are any
auxiliary channels or the channels are not in the same order as the colour indices, then the Channel Definition box
(see Table 1.19) shall be found within the JP2 Header box with a complete list of channel definitions.

1.5.3.7

This box
a Capture

Table 1.19 — Format of the Channel Definition box

Parameter Size (bits) Value
N 16 1to (2'-1)
Cn 16 0to (2!~ 1)
Typ' 16 0to (2!~ 1)
Asoc! 16 0to (2'%-1)

Resolution box (superbox)

bpecifies the capture and default display grid resolutions of this image. If this box exists, it shalDcon
Resolution box, or a Default Display Resolution box, or both.

There shall be at most one Resolution box inside a JP2 Header box.

The type

1.5.3.7.1

If this bo
codestrea
box, see 1

The contg
by this b
representg

If the Co

dimensiof
NOTE
grid re
which
2000 fi

f a Resolution box shall be 'res\040' (0x7265 7320). The contents of the Resolutiofybox are as in Fig
A R
| resc | oresd |
I ] I
I 1 I
''''' T.800(15)_FI.14

Figure 1.14 — Organization of the contents’of the Resolution box
resc: Capture Resolution box. This box specifies the/grid resolution at which this image was cap

format of this box is specified in 1.5.3.7.1.

should be displayed. The format of this'box is specified in 1.5.3.7.2

Capture Resolution box

K exists, it shall specify the grid resolation of the source from which the image samples represent
m were captured or created. The dimensions of the reference grid are given by the contents of the Ima
5.3.1.

nts of the Capture Resolution box shall be consistently adjusted between edits such that the resolutio

bx always reflects the physical separation between reference grid points on the image region el
d by the file.

Hestream box does_not represent a physical image, this box might not exist, or might represent 3
| intended by the ereator of the image.

— For exampl¢, this box could specify the resolution of the flatbed scanner that captured a page from a book. ]
olution could also specify the resolution of an aerial digital camera or satellite camera. It may also specify the rq
he image. in the file was rendered from a vector original or from a raster original in a resampling operation. If
le iS,created by cropping from an original file, the contents of the Capture Resolution box will not change as thg

of the

ain either

ure 1.14:

ured. The

resd: Default Display Resolution box. This box.specifies the default grid resolution at which this image

ed by the
be Header

h as given
icoded or

physical

'he capture
solution at
new JPEG
resolution

ample grid does not change, i.e., both the sample grid size and the size of the image described by it shrink b

[y the same

amount. If, however, an image is transcoded to a lower resolution, for example by dropping finer resolution levels, any
accompanying change in the dimensions of the image on the reference grid and associated changes in the Image Header box will
need to be reflected to the contents of the Capture Resolution box by dividing the resolution in both the horizontal and vertical
directions by an appropriate factor. Note further that image pixels may not be square, i.e., horizontal and vertical grid resolutions
may differ, and that not each position of the reference grid may carry an image sample due to the subsampling factors recorded in
the SIZ marker. The pixel dimensions are up to the image capturing process, any editing of the file will be reflected by an
appropriate change of the Capture Resolution box to ensure that these dimensions remain unchanged.

The vertical and horizontal capture grid resolutions are calculated using the six parameters (Table 1.20) stored in this box
in the following two equations, respectively:

158

VRc = VRCNX 10VReE
VRcD

(I-4)
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_ HRcN
HRcD

HRc

« 10/ReE (1-5)

The values VRc and HRc are always in reference grid points per metre. If an application requires the grid resolution in
another unit, then that application must apply the appropriate conversion.

The type of a Capture Resolution box shall be 'resc' (0x7265 7363). The contents of the Capture Resolution box are as in
Figure 1.15:

[S4] 58]

VReN | VReD | HReN | HReD | £ | &
S| T

T.800(15)_FI.15

Figure LI5S — Urganization ol the contents ol the Capture Kesolution box

[VReN:  Vertical Capture grid resolution numerator. This parameter specifies the JReN |value in
Equation (I-4), which is used to calculate the vertical capture grid resolution. This pafameter is
encoded as a 2-byte big-endian unsigned integer.

[VReD: Vertical Capture grid resolution denominator. This parameter specifies” the VRcD |value in
Equation (I-4), which is used to calculate the vertical capture grid resolution. This pafameter is
encoded as a 2-byte big-endian unsigned integer.

HRcN: Horizontal Capture grid resolution numerator. This parameter—specifies the HRcN| value in
Equation (I-5), which is used to calculate the horizontal capture grid resolution. This parameter is
encoded as a 2-byte big-endian unsigned integer.

[HRcD: Horizontal Capture grid resolution denominator. This paraméter specifies the HRcD value i Equation
(I-5), which is used to calculate the horizontal capture gpid resolution. This parameter is en¢oded as a
2-byte big-endian unsigned integer.

[VRcE: Vertical Capture grid resolution exponent. Thi§ parameter specifies the VRcE value in Equdtion (I-4),
which is used to calculate the vertical capture grid resolution. This parameter is encpded as a
twos-complement 1-byte signed integer.

HRcE: Horizontal Capture grid resolutioh(‘exponent. This parameter specifies the HRcE | value in
Equation (I-5), which is used to calculate the horizontal capture grid resolution. This parameter is
encoded as a twos-complement @;byte signed integer.

Table 1.20 — Format of the contents of the Capture Resolution box

Field name Size (bits) Value
VRcN 16 1to (2!~ 1)
YReD 16 1to (2!~ 1)
HRcN 16 1to (2'-1)
HRcD 16 1to (2!~ 1)
VRcE 8 —128 to 127
HRcE 8 —128 to 127

1.5.3.7.2 | Default Display Resolution box

If present, this box specifies a desired display grid resolution defining the intended reproduction of the file contents. The
desired size of the reproduced physical image is then obtained by dividing the dimensions of the pixel grid, as given by
the Image Header box (see 1.5.3.1) by the horizontal and vertical resolutions as given by this box.

This box represents a default or recommended value, and applications may determine appropriate sizes for image
reproduction by other means.

NOTE — This box may be used to determine the size of the image on a page when the image is placed in a page-layout program,
and page layout programs may adjust the contents of this box to reflect edits performed by its users: e.g., to resize an image on a
page as intended for printing or displaying on a monitor. In general, it is recommended that the pixel aspect ratio of the Capture
Resolution box and the Display Resolution box should be the same. The following example may clarify the semantics of the Default
Display Resolution box and the Capture Resolution box further: Consider an editing process that reduces the number of samples
of the original image to one fourth by dropping every other horizontal and vertical pixel. One method of implementing this process
would be to drop the highest resolution level and to double the horizontal and vertical subsampling factors in the CSIZ marker.
Under this transformation, the dimension of the image reference grid remains unchanged, though only one fourth of the image
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samples remains in the image. Thus, the Capture Resolution box will remain unchanged. If it is desired to reproduce the image in
half the size in each direction when displayed on a screen or printed, the Default Display Resolution box should however, be
adjusted by multiplying the number of reference grid points per metre by two. Another method to implement this reduction in
sample points might be to drop the finest resolution level and divide the dimensions of the reference grid, the canvas offsets, the
tile offsets and the tile dimensions by two. Under this transformation, the dimensions of the reference grid change, and the spacing
between two grid points is doubled. Thus, the number of grid points per metre in the Capture Resolution box would be divided by
two. If it is desirable to reproduce the image then in one fourth its original size, the Display Resolution box would not require any
change as the reference grid would contain only one fourth of the samples while the distance between each sample would remain
unchanged, thus reproducing the image on a smaller scale. Note further that applications that do not honour the Default Display
Resolution box would reproduce the image to one fourth of the number of image pixels of the original image for either editing
process by implementing the procedure of computing the number of image pixels from the number of reference grid points defined
in.5.3.1.1.

The vertical and horizontal display grid resolutions are calculated using the six parameters (Table 1.21) stored in this box
in the following two equations, respectively:

VRAN
VRd ==X x 10"RIE (1-6)
HRAN
HRd = " x101RIE 1-7)
HRdD
The valuds VRd and HRd are always in reference grid points per metre. If an application requires the grid reqolution in
another umit, then that application must apply the appropriate conversion.
The type|of a Default Display Resolution box shall be 'resd' (0x7265 7364). The contents of the Default Display
Resolutioh box are as in Figure 1.16:
o | m
VRAN | VRAD | HRAN | HRAD'| £ | &
-~ | =
T.800(15)_F1.16

Figure 1.16 — Organization of the conterts of the Default Display Resolution box

[VRAN: Vertical Display grid resolutiony, numerator. This parameter specifies the VRdN [value in
Equation (I-6), which is used.fo calculate the vertical display grid resolution. This pafameter is
encoded as a 2-byte big-endian unsigned integer.

[VRdAD: Vertical Display grid (resolution denominator. This parameter specifies the VRdD|value in
Equation (I-6), which(is used to calculate the vertical display grid resolution. This pafameter is
encoded as a 2-byte big-endian unsigned integer.

[HRdAN: Horizontal Display grid resolution numerator. This parameter specifies the HRJN| value in
Equation (I=79, which is used to calculate the horizontal display grid resolution. This pafameter is
encoded as-d 2-byte big-endian unsigned integer.

HRdD: Horizontal Display grid resolution denominator. This parameter specifies the HRdAD| value in
Eguation (I-7), which is used to calculate the horizontal display grid resolution. This pafameter is
encoded as a 2-byte big-endian unsigned integer.

[VRAE; " Vertical Display grid resolution exponent. This parameter specifies the VRdJE value in Equdtion (I-6),
which is used to calculate the vertical display grid resolution. This parameter is encoded §s a twos-
complement 1-Dyte Signed integer.

HRdE: Horizontal Display grid resolution exponent. This parameter specifies the HRJE value in
Equation (I-7), which is used to calculate the horizontal display grid resolution. This parameter is
encoded as a twos-complement 1-byte signed integer.
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Table 1.21 — Format of the contents of the Default Display Resolution box

Field name Size (bits) Value
VRAN 16 1to (2'°- 1)
VRdD 16 1to (21~ 1)
HRdAN 16 1to (216 1)
HRdD 16 1to (2'°- 1)
VRAE 8 —128to 127
HRdJE 8 —128 to 127
L.5.4 Contiguous Codestream box

:2019 (E)

The Contiguous Codestream box contains a valid and complete JPEG 2000 codestream, as defined in Annex A. When

displaying
Contiguot

The type

1.6
This Rec

property flights information within a JP2 file. Inclusion of this information in a JP2 file is optional for conforr

The defin|
defined in
IPR infor
Standard.

In genera
other loc4
boxes, the

The type

L.7

1s Codestream boxes may be found anywhere in the file except before the JP2 Header box.

fa Contiguous Codestream box shall be 'jp2c' (0x6A70 3263). The contents of the box shall be as'in Fi

Code
/ T.800(15) FI1.17

Figure 1.17 — Organization of the contents of the Contiguous Codestream box

Code:  This field contains a valid and complete JPEG 2000 codestréam ‘as specified by Annex A.

Table 1.22 — Format of the contents of the Contiguous Codestream box

Field name Size (bits) Value
Code Variable Variable

Adding intellectual property rights information in JP2
mmendation | International Standard specifies a box type for a box which is devoted to carrying ii
ition of the format of the contents:gf this box is reserved for ITU-T | ISO. However, the type of

this Recommendation | Internatiénal Standard as a means to allow applications to recognize the ex
mation. Use and interpretationof'this information is beyond the scope of this Recommendation | Int

, an IPR box found at‘the'top level of the file specifies IPR for the file as a whole. IPR boxes may b
tions, including inside’/superboxes defined by other Recommendations | International Standards. For
rights specified refer to the entity defined by the containing superbox.

f the Intelléctual Property box shall be 'jp2i' (0x6A70 3269).

Adding vendor-specific information to the JP2 file format

The follo

the 1mage, a conitorming reader shall 1ignore all codestreams arter the Tirst codestream found. 1j the file.

gure 1.17:

ntellectual
hing files.
his box is
istence of
ernational

e found at
those IPR

e JP2 file

1ng bhoxes provide a set of tools by which applications can add vendor-specific information to t

format. All of the following boxes are optional in conforming files and may be ignored by conforming readers.

1.7.1

XML boxes

An XML box contains vendor-specific information (in XML format) other than the information contained within boxes
defined by this Recommendation | International Standard. There may be multiple XML boxes within the file, and those
boxes may be found anywhere in the file except before the File Type box.

© ISO/IEC 2019 - All I"lghtS reserved Rec. ITU-T T.800 (06/2019)
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The type of an XML box is 'xml\040' (0x786D 6C20). The contents of the box shall be as in Figure 1.18:

DATA

T.800(15)_F1.18

Figure 1.18 — Organization of the contents of the XML box

DATA: This field shall contain a well-formed XML document as defined by REC-xml-19980210.

The existence of any XML boxes is optional for conforming files. Also, any XML box shall not contain any information
necessary for decoding the image to the extent that is defined within this Recommendation | International Standard, and
the correct interpretation of the contents of any XML box shall not change the visual appearance of the image. All readers
may ignore any XML box in the file.

L.7.2

A UUID {
Recommg
found any

The type

The existq
necessaryj
Standard,
All reader

1.7.3

UUID boxes

ox contains vendor-specific information other than the information contained within boxes defined ¥
ndation | International Standard. There may be multiple UUID boxes within the file, and those box
where in the file except before the File Type box.

fa UUID box shall be 'uuid' (0x7575 6964). The contents of the box shall be as in Kigtre 1.19:

DATA
ID %

T.800(19)_F1.19

Figure 1.19 — Organization of the contents of\the UUID box

ID: This field contains a 16-byte UUID as specified by JISO/IEC 11578. The value of this UUIL
the format of the vendor-specific information stored in the DATA field and the interpretat
information.

IDATA: This field contains vendor-specific information. The format of this information is defined
the scope of this Recommendation | Juatérnational Standard, but it is indicated by the va
UUID field.

Table 1.23 — Kormat of the contents of a UUID box

Field name Size (bits) Value
UUID 128 Variable
DATA Variable Variable

for decoding the ‘image to the extent that is defined within this part of this Recommendation | Int
and the interpretation of the information in any UUID box shall not change the visual appearance of 1
s may ignoté.any UUID box.

[UUID Info boxes (superbox)

vithin this
bs may be

specifies
on of that

putside of
lue of the

nce of any UUID boxes is optional for conforming files. Also, any UUID box shall not contain any infformation

ernational
he image.

While it i

useful to allow vendors to extend JP2 files by adding information using UUID boxes, it is also useful

to provide

information in a standard form which can be used by non-extended applications to get more information about the
extensions in the file. This information is contained in UUID Info boxes. A JP2 file may contain zero or more UUID Info
boxes. These boxes may be found anywhere in the top level of the file (the superbox of a UUID Info box shall be the JP2

file itself)

except before the File Type box.

These boxes, if present, may not provide a complete index for the UUIDs in the file, may reference UUIDs not used in
the file, and possibly may provide multiple references for the same UUID.
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The type of a UUID Info box shall be 'uinf' (0x7569 6E66). The contents of a UUID Info box are as in Figure 1.20:

UList:

DE:

UList | ~DE

T.800(15)_F1.20

Figure 1.20 — Organization of the contents of a UUID Info box
UUID List box. This box contains a list of UUIDs for which this UUID Info box specifies a link to
more information. The format of the UUID List box is specified in 1.7.3.1.

Data Entry URL box. This box contains a URL. An application can acquire more information about
the UUIDs contained in the UUID List box. The format of a Data Entry URL box is specified
inl1.7.3.2.

1.7.3.1 [CUIDListbox
This box ¢ontains a list of UUIDs. The type of a UUID List box shall be ‘ulst’ (0x756C 7374). The contents ¢f a UUID
List box shall be as in Figure [.21:
NU ]Dl) IDNU J
T800(19)_FI.21
Figure 1.21 — Organization of the contents of a UUID List box
NU: Number of UUIDs. This field specifies the number of UUIBS found in this UUID List box.|This field
is encoded as a 2-byte big-endian unsigned integer.
ID': ID. This field specifies one UUID, as specified in ISO/IEC 11578, which shall be associated with the
URL contained in the URL box within the saméUUID Info box. The number of UUID' felds shall
be the same as the value of the NU field. The value of this field shall be a 16-byte UUID.
Table 1.24 — UUID List box.¢ontents data structure values
Parameter Size (bits) Value
NU 16 0to (26— 1)
UUID! 128 0to (225~ 1)
1.7.3.2 |Data Entry URL box
This box|contains a URL which can be used by an application to acquire more information about the gssociated
vendor-specific extensions. Thevformat of the information acquired through the use of this URL is not defirjed in this
Recommgndation | Internatienal/Standard. The URL type should be of a service which delivers a file (e.g., URLs of type
file, http, [ftp, etc.), which.ideally also permits random access. Relative URLs are permissible and are relative [to the file
containing this Data Entry* URL box.
The type ¢f a Data Entry URL box shall be 'url\040' (0x7572 6C20). The contents of a Data Entry URL box shdll be as in
Figure 1.2P:
]
o
LOC
| FLAG
T.800(15)_F1.22
Figure 1.22 — Organization of the contents of a Data Entry URL box
VERS: Version number. This field specifies the version number of the format of this box and is encoded as
a 1-byte unsigned integer. The value of this field shall be 0.
FLAG: Flags. This field is reserved for other uses to flag particular attributes of this box and is encoded as a
3-byte unsigned integer. The value of this field shall be 0.
LOC: Location. This field specifies the URL of the additional information associated with the UUIDs

contained in the UUID List box within the same UUID Info superbox. The URL is encoded as a null
terminated string of UTF-8 characters.
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Table 1.25 — Data Entry URL box contents data structure values

Parameter Size (bits) Value
VERS 8 0
FLAG 24 0
LOC varies varies
L.8 Dealing with unknown boxes

A conforming JP2 file may contain boxes not known to applications based solely on this Recommendation | International
Standard. If a conforming reader finds a box that it does not understand, it shall skip and ignore that box.
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Annex J

Examples and guidelines

(This annex does not form an integral part of this Recommendation | International Standard.)

This annex includes a number of examples intended to indicate how the encoding process works, and how the resulting
codestream should be output. This annex is entirely informative.

J.1 Software conventions adaptive entropy decoder

This annex provides some alternate flowcharts for a version of the adaptive entropy decoder. This alternate version may
be more efficient when implemented in software, as it has fewer operations along the fast path

The alternate version is obtained by making the following substitutions. Replace the flowchart in Figure)C2 with the
flowchart|in Figure J.1. Replace the flowchart in Figure C.15 with the flowchart in Figure J.2. Replace'the flgwchart in
Figure C.]9 with the flowchart in Figure J.3.

INITDEC

BP = BPST
C = (B XOR 0xFF) << 16

|

BYTEIN

}

C=C<<7
CT=CT-7
A =0x8000

T.800(19)_FJ.1

Figure J.1 — Initialization of the software-conventions decoder
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DECODE

A=A—Qe(I{CX))

Yes Chigh < A? No

'

A AND 0x8000 = 0?

A 4

No

Chigh = Chigh — A

chs ' ¢

D = MPS_EXCHANGE D = MPS(CX) D =LPS_EXCHANGE
RENORMD RENORMD

\ 4
Return D
T.800(19)_FJ.2

Figure J.2 — Decoding an MPS or an LPS in the software-conventions decoder

BYTEIN
r

Yes BP=BP+1

Bl > 0x8F? C=C + 0xFF00 — (B << 8)
CT=8
A4
BP=DBP+1
C=C + 0xFE00 — (B <<9) CT=8
CT=7

|

4
Done
T.800(19)_FJ.3

Figure J.3 — Inserting a new byte into the C register in the software-conventions decoder

J.2 Selection of quantization step sizes for irreversible transformations

For irreversible compression, no particular selection of the quantization step size is required in this Recommendation |
International Standard. Different applications may specify the quantization step sizes according to specific tile-component
characteristics. One effective way of selecting the quantizer step size for each sub-band b is to scale a default step size Ay
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by taking into account the horizontal and vertical filtering procedures which produced these sub-band coefficients. One

method consists of scaling A; with an energy weight parameter y, (the amount of squared errors introduced by a unit error
in a transformed coefficient of sub-band ) in the following way [12]:

A
Ap = -
i
J.3 Filter impulse responses corresponding to lifting-based irreversible filtering procedures

The irreversible filtering procedures described in Annex F implement the 9-tap/7-tap Cohen-Daubechies-Feauveau

convolutional filter bank [20], [21]. Equivalent impulse responses of the analysis and synthesis filters are given in
Tables J.1 and J.2.

Table J.1 — Definition of impulse responses for the 9-7 irreversible analysis filter bank

n Low-pass filter Approximate value
2
0 —5x1(48|x2| —16%x, + 3) /32 0.602 949 018.236 360
+1 —5x1(8|x2|2 - ‘szj /8 0. 266 864 118 442 875
2
+2 —5x1(4|x2| — 4R, — 1) /16 +0.078 223 266 528 990
+3 —5x(%Rx,)/ 8 —0.016 864 118 442 875
+4 —5x /64 0.026 748 757 410 810
n High-pass filter Approximate value
1 (6x; —1)/ 8x, 1.115 087 052 457 000
2,0 —(16x, 1)/ 32x; —0.591 271 763 114 250
3.1 (2x, +1)/ 16 —0.057 543 526 228 500
4,2 —1/32x 0.091 271 763 114 250

Table J.2 — Definition of\impulse responses for the 9-7 irreversible synthesis filter band

n Low-pass filter Approximate value
0 (6x, —1)/8x 1.115 087 052 457 000
+1 (16 —1)/32x 0.591271 763 114 250
+2 (2x +1)/16x —0.057 543 526 228 500
+3 1/32x —0.091 271 763 114 250
n High-pass filter Approximate value
2
1 —5x1(48|x2| ~16%x, + 3) /32 0.602 949 018 236 360
2
0,2 5x1(8|x2| - inz) /8 —0.266 864 118 442 875
2
1,3 —5x1(4|x2| —4%Rx, — 1) /16 ~0.078 223 266 528 990
2.4 5x(%Rx,)/ 8 0.016 864 118 442 875
3.5 —5x, / 64 0.026 748 757 410 811
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J.4 Example of discrete wavelet transformation

Table J.3 contains the integer-valued samples /(x, ) of a tile component that is 13 samples wide and 17 samples high.

Table J.3 — Source tile component samples

J.4.1
Tables J.4

1(X, y) 0 1 2 3 4 5 6 7 8 9 10 11 12
0 0 1 2 3 4 5 6 7 8 9 10 11 12
1 1 1 2 3 4 5 6 7 8 9 10 11 12
2 2 2 2 3 4 5 6 7 8 9 10 11 12
3 3 3 3 4 5 5 6 7 8 9 10 11 12
4 4 4 4 5 5 6 7 8 8 9 10 11 12
6 6 6 6 6 7 7 8 9 10 10 11 12 13
7 7 7 7 7 8 8 9 9 10 11 12 13 13
8 8 8 8 8 8 9 10 10 11 12 12 13 14
9 9 9 9 9 9 10 10 11 12 12 13 14 15
10 10 10 10 10 10 11 11 12 12 13 14 14 15
11 11 11 11 11 11 12 12 13 13 14 14 15 16
12 12 12 12 12 12 13 13 13 14 15 15 16 16
13 13 13 13 13 13 13 14 14 15 15 16 17 17
14 14 14 14 14 14 14 15 15 16 16 17 17 18
15 15 15 15 15 15 15 16 16 17 17 18 18 19
16 16 16 16 16 16 16 17 17 17 18 18 19 20

[Example of 9-7 irreversible wavelet transformation

,J1.5,1.6,1.7,1.8,1.9 and J.10 contain the coefficients.of the sub-bands 2LL, 2HL, 2LH, 2HH, 1HL, ]

LH, 1HH

resulting from the two-level decomposition with the 9-7 irreversible transformation of the source tile componenjt samples

given in Table J.3 (see Figure F.18). The coefficients' values displayed in the tables have been rounded to t

e nearest

integer.
Table J.4 — 2LL sub-band:coefficients (9-7 irreversible wavelet transformation)
azLL(u, v) 0 1 2 3
0 1 4 8 11
1 4 5 8 11
2 8 9 11 13
3 12 12 14 16
4 15 15 17 18
Table J.5 — 2HL sub-band coefficients (9-7 irreversible wavelet transformation)
AL, V) 0 T 2
0 0 0 0
1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0
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Table J.6 — 2LH sub-band coefficients (9-7 irreversible wavelet transformation)

a2LH(U, V) 0 1 2 3
0 0 0 0 0
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0

Table J.7 — 2HH sub-band coefficients (9-7 irreversible wavelet transformation)

az2HH(U, V) 0 1 2
0 -1 0 0
1 -1 0
2 0
3 0

Table J.8 — 1HL sub-band coefficients (9-7 irreversible wavelet transformation)

aiHL(u, v) 0 1 2 3 4 5
0 0 0 0 0 0 0
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 -1 0 0 0 0
4 0 0 0 -1 0 0
5 0 0 1 1 0 -1
6 0 0 0 0 0 0
7 0 0 -1 -1 -1 0
8 0 0 0 0 0

Table J.9 — 1LH sub-band coefficients (9-7 irreversible wavelet transformation)

aiLH(u, V) 0 1 2 3 4 5 6
0 0 0 0 0 0 0 0
1 0 0 0 -1 0 0 0
2 0 0 0 0 0 1 1
3 0 0 0 0 -1 1 0
4 0 0 0 0 0 0 1
5 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0

Table J.10 — 1HH sub-band coefficients (9-7 irreversible wavelet transformation)

arHH(U, V) 0 1 2 3 4 5
0 -1 0 0 0 0 0
1 0 0 -1 0 0 0
2 0 -1 1 0 0 0
3 0 0 0 0 0 1
4 0 0 0 0 -1 0
5 0 0 0 0 0 0
6 0 0 -1 0 -1 1
7 0 0 0 0 -1 0
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J.4.2 Example of 5-3 reversible wavelet transformation

Tables J.11, J.12, J.13, J.14, J.15, J.16 and J.17 contain the coefficients of the sub-bands 2LL, 2HL, 2LH, 2HH, 1HL,
1LH, 1HH resulting from the two-level decomposition with the 5-3 irreversible transformation of the source tile
component samples given in Table J.3 (see Figure F.18). The coefficients' values displayed in the tables have been
rounded to the nearest integer.

Table J.11 — 2LL sub-band coefficients (5-3 reversible wavelet transformation)

azHL(U, V) 0 1 2 3
0 0 4 8 12
1 4 5 12
2 8 8 11 15
3 12 12 14 18
4 16 16 18 20

Table J.12 — 2HL sub-band coefficients (5-3 reversible wavelet transformation)

azHL(U, V) 0 1 2
0 0 0 0
1 0 1 0
2 0 1 0
3 0 0 1
4 0 0 0

Table J.13 — 2LH sub-band coefficient (5-3 reyversible wavelet transformation)

azLH(U, V) 0 1 2 3
0 0 0 0 0
1 0 1 1 1
2 0 0 0 0
3 0 0 0 0

Table J.14 — 2HH sub-band coefficients (5-3 reversible wavelet transformation)

azHH(U, ) 0 1 2
0 -1 0 0
1 -1 0
2 0 1 0
3 0 0

Table J.15 — 1HL sub-band coefficients (5-3 reversible wavelet transformation)

arnL(U, V) 0 1 2 3 4 5
0 0 0 0 0 0 0
1 0 0 0 0 0 0
2 0 1 0 1 0 0
3 0 0 0 0 -1 1
4 0 0 0 0 1 1
5 0 0 1 1 0 1
6 0 0 1 0 1 1
7 0 0 0 0 0
8 0 0 0 0 0
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Table J.16 — 1LH sub-band coefficients (5-3 reversible wavelet transformation)

aiLH (U, v)

0
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J.5 [Row-based wavelet transform

Described
compress
implemen
directions|
Filtering

explains :Ihe huge bandwidth requirements of-the traditional wavelet transformation implementation. The 1

wavelet t
traditiona
provide a|
following

J.5.1

The FDW
equivalen
samples o
size tcxy
Figure J .4
of sample]

Table J.17 — 1HH sub-band coefficients (5-3 reversible wavelet transformation)

arHH (U, V)
0
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here is an example of a row-based wavelet transformation for the 9-7 irreversible filter that is well

tations require the whole image to be bufferedyand then the filtering to be performed in vertical and
While filtering in the horizontal direction is\very simple, filtering in the vertical direction is more
hlong a row requires one row to be read; filtering along a column requires the whole image to be

ansformation overcomes the previous limitation while providing the exact same transformed coeffig
wavelet transformation implementation. However, the row-based wavelet transformation alone

coding stages up to the entropy coding and rate allocation stages.

The FDWT_ROW(procedure

T ROW procedure’for the 9-7 irreversible filter uses one buffer buf(i, j) of five rows, 0 <i < 4, to pq
 of the 2D _SD procedure described in F.4.2, except for the 2D DEINTERLEAVE procedure. The ral
f input tile gomponent /(x, y) is assumed to be defined by Equation (F-1). Each row of the buffer bu
- texo +=Is The general description of the FDWT_ROW applied to one image tile component is illy
for thefirst level of decomposition. The FDWT _ROW takes as input a level shifted image tile comp
5 ‘ahd produces as output one row of transform coefficients. It is assumed throughout this clause that

suited for

on devices which receive and transfer image data in a serial manner. Traditional wavelet transformation

horizontal
involved.
ead. This
ow-based
ients as a
does not

complete row-based encoding.paradigm. A complete row-based coder also has to take into accoynt all the

trform the
nge of the
((i, j) is of
strated in
bnent row
the image

tile component has af Teast Tive rows.
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FDWT ROW » | GET ROW(y, buf)

I

y«0 RB_VERT _1(buf)
i« mod(y—4,5)
INIT(y, buf) peytl
START VERT(buf) buf(i) = 1D_SD(buf(i), i,, 1,)

I I

iy < mod (tcx,, 2)
i« fcx, - tex, + i

I

buf0) = 1D_SD(buf(0), i, 1,)

}

OUTPUT ROW(buf(0)) & ROWG, bu) END_2(y, byf)

Done
RB_VERT 2(buf)

OUTPUT_ROW(bufii))

No

y<ley - ey

4

y<lcy, —tcy,

A 4 A l
END_I(y, buf) i < mod(y — 4, 5)
i yeytl

Done
buf(i) = 1D_SD(bufli), i, i)

|

OUTPUT_ROW(buf(i))

| 18000150 FJ.4

Figure J.4 — The FDWT_ROW procedure
J.5.1.1 The GET_ROW procedure

In this description, the level shifted image tile component is assumed to be stored in an external memory I(x, y). As
illustrated in Figure J.5, the GET_ROW procedure reads one row of samples of the level shifted image tile component
and transfers this row of samples in the buffer, buf.
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i< mod(y, 5)
d<«0
X < t(:xo

j<0

mod(tcxg, 2) =0 >Nyl g

iYes

buf (i, d + j) < I(x, y + tcy,)

}

xex+1

A 4
F ¥

Jeitl

No

Yes

Done
T.800(15)_FJ.5

Figure J.5~The GET_ROW procedure

J.5.2 The INIT procedure

As illustrgted in Figure J.6, the INIT presedure reads five rows of samples of the level shifted image tile component and
transfers these rows of samples to the'buffer, buf.
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J.5.3

As illustrd
as well as

buf(i, j) +

174

INIT

i—0

:

» | GET ROW(y, buf)

[The START_VERT procedure

I

i—i+1
yveyt+1

No

Yes

Done

Figure J.6 — The INIT procedure

ted in Figure J.7, the START VERT procedure modifies the coefficients in the buffer buf(i, j). In t

in all the following figures of this clausey the expression buf(i) < buf(i) + o - buf{iz) is equivalent to
o - buf(iz, j) for d <j < texo — texy .

T.800(19)_FJ.6

his figure,
buf(i, j) <
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buf(0) < buf0) + 2a. - buf(1)
buf(2) « bufi2) + o - buf(1)
buf(1) « bufi1) + B - bufl0)
buf(2) « bufi2) + o - buf(3)
buf(1) <= buf(1) + B - buf2)
BuR0) < bufl0) + 2y - bufi1)
buf(4) < bufi4) + 2o - buf(3)
bufi3) « bufi3) + B - bufi2)
buf(2) < bufi2) +v - buf(1)
buf(1) < buf(1) + & - buf(0)

START_VERT

mod(tcy,,2) =0 Yes

No

No "y < tey, - te,

ISO/IEC 15444-1:2019 (E)

bufi1) < buf{1) + a. - buf{0)
buf(1) < buf(1) + o - buf(2)
bufl0) < buf(0) + 2 - buf(1)
bufi3) « bufi3) + a - buf(2)
bufi2) < bufi2) + B - bufi1)
buf(1) < buf{1) + v - buf(0)
buf(3) < buf(3) + o - buf(4)
bufi2) < bufi2) + B - bufi3)
buf(1) <= buf(1) + vy - buf(2)
bufl0) < buf{0) + 25 - buf(1)

J.5.3.1

As illustrs

bufl0) < K - buf0)

Done

Yes

h 4

1
bufi0) <K - buf0)

buf(0) < bufl0) + 20 - buf(1)
buf(2) < buf(2) + o - buf(1)
buf(1) < bufi1) + B - bufl0)
buf(2) < bufi2) + a - buf(3)
bufi1) <= bufi1) + B - bufi2)
buf(0) < bufl0) + 2y - buf(1)
buf(4) « bufid) + o - buf(3)
buf(3) < buf(3) + P - buf(2)
bufi2) < buf(2) +y - bufil)
buf(1) « buf(1) + & - bafid)
bufl0) < K - buf(0)

Done

Done

T.800(19)_FJ.7

Figure'J.7 — The START_VERT procedure

The RB_VERT_1 procedure
ted in Figure J.8, the RB"VERT 1 procedure modifies the coefficients in buf(i, j).
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RB_VERT 1

bufimod(y — 1, 5)) < bufimod(y — 1, 5)) + o - bufimod(y, 5))
buf{mod(y — 2, 5)) < bufimod(y — 2, 5)) + B - buf{imod(y — 1, 5))
buflmod(y — 3, 5)) < buf(mod(y — 3, 5)) +y - buf(mod(y — 2, 5))

mod(tcyy, 2) =0 bufimod(y — 4, 5)) <= bufimod(y — 4, 5)) + & - bufimod(y-3,5)) |_, Done
bufimod(y — 4, 5)) « ]l< - bufimod(y — 4, 5))
J buflmod(y, 5)) < bufimod(y,5)) + 2a. - buf (mod(y —A4,\5))

N bufimod(y — 1, 5)) < bufimod(y — 1, 5)) + B - bufimaed(y; 2, 5))

v <tcp, —tcy,— 1 0 »  bufimod(y — 2, 5)) < bufimod(y — 2, 5)) + 7y - bufimod(y — 3, 5))
buflmod(y — 3, 5)) « buf(imod(y — 3, 5)) + & - buf{niod(y — 4, 5))

Yes buflmod(y — 4, 5)) «K- buflmod(y'>4, 5))
v
bufmod(y, 5)) < bufimod(y,5)) + o - bufimod(y — 1, 5)) Done

bufimod(y — 1, 5)) < bufimod(y — 1, 5)) + B - bufimod(y — 2, 5))
buf(modl(y — 2, 5)) < buf(mod(y — 2, 5)) + v - bufimod(y — 3, 5))
bufimod(y — 3, 5)) < buf(mod(y — 3, 5)) + & - bufimod(y — 4, 5))
bufimod(y — 4, 5)) <K - buflmod(y — 4, 5))

Done

T.800(19) Fu8

Figure J.8 — The RB_VERT _1 procedure
J.5.3.2 [The RB_VERT 2 procedure
As illustrated in Figure J.9, the RB, VERT 2 procedure modifies the coefficients in buf{i, j).
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RB_VERT 2

buflmod(y — 1, 5)) < bufimod(y — 1, 5)) + a - buf{imod|(y, 5))
bufimod(y — 2, 5)) « bufimod(y — 2, 5)) + B - buf(mod(y — 1, 5))
bufimod(y — 3, 3)) < buflmod(y — 3, 5)) + vy - bufimod(y — 2, 5))

Yes o bufimod(v — 4, 5)) < bufimod(y — 4, 5)) + & - bufimod(y — 3, 5))

mod(tcy,, 2) =0

buftmod(y — 4, 5)) < 1% - bufimod(y — 4, 5))

|

Done

/‘ bufimod(y, 5)) < bufimod(y, 5)) a~ bufimod(y — 1, 5)
Y bufimod(y — 1, 5)) <= bufimod(y {1,,5)) + B - bufimod(y — 2| 5))

A 4

bufimod(y — 2, 5)) «— bufimod(§/,2, 5)) + v - bufimod(y — 3] 5))
bufimod(y — 3, 5)) < bufimed(y— 3, 5)) + & + bufimod(y — 4{ 5))

No buf(mod(y — 4-5))4-K - bufimod(y — 4, 5))
uflmod(y, 5)) < bufimod(y, 5)) + 2o - bufimod(y — 1, 5)) r

buflmod(y — 1, 5)) <= buflmod(y — 1, 5)) + B - buf(mod(y — 245))

bufimod(y — 2, 5)) < bufimod(y — 2, 5)) + v * bufimod(y — 3, 5)) Done

bufimod(y — 3, 5)) < bufimod(y — 3, 5)) + & - bufimod(y=~%4, 5))
bufimod(y — 4, 5)) <K - bufimod(y — 4, 5))

T.800(J19)_FJ.9

Figure J.9 — The RB_VERT 2 procedure
J.5.3.3 [The END_1 procedure
The END] 1 procedure is detailed in Figure J.10.
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