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Foreword

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

The procedures used to develop this document and those intended for its further maintenance are described in the
ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types of document
should be noted.
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Any feedback or questions on this document should be directed to the user’s national standards body. A complete
listing of these bodies can be found at www.iso.org/members.html and www.iec.ch/national-committees.
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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.

This Recommendation | International Standard:

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

specifies a codestream syntax containing information for interpreting the compressed image data;

specifies a file format;
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, and 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 standards are
prepared on-a collaborative basis with ISQ and IEC

NOTE

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

Compliance with this Recommendation is voluntary. However, thesRecommendation may contain certain
mandatofy provisions (to ensure, e.g., interoperability or applicability) and compliance ith the
Recommendation is achieved when all of these mandatory provisions are met. The words "shall" or sgme other
obligatony language such as "must" and the negative equivalents’are used to express requirements. The use of
such wotds 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 majy involve
the use qf a claimed Intellectual Property Right. ITU takes no position concerning the evidence, vialidity or
applicab{lity of claimed Intellectual Property Rights, whether asserted by ITU members or others dutside of
the Recommendation development process.

As of the date of apptoval of this Recommendation, ITU had received notice of intellectual property, protected
by paterts/software copyrights, which may be required to implement this Recommendation. However,
implemehters are cautioned that this may not represent the latest information and are therefore strongly urged
to consult the“appropriate ITU-T databases available via the ITU-T website at http:/www.itu.int/ITU-1/ipr/.

©ITU 2024

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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ISO/IEC 15444-1:2024(en)

ATIONAL STANDARD

ITU-T RECOMMENDATION

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

1

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

edition|

of ISO

2

The follo
constitute]

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

—  specifies a file format;

- provides guidance on encoding processes for converting source image data to compressed-imag

—  provides guidance on how to implement these processes in practice.
— As this specification was first published as common text only after ISO/IEC JTC1 had approved the first editi

IEC 15444-1.

[References

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

were valid. All Recommendations and Standards are subject to reviSion, and parties to agreements basd
Recommgndation | International Standard are encouraged to investigate'the possibility of applying the most recs

of the Re
Internatio|

commendations and Standards listed below. Members, of IEC and ISO maintain registers of currd
hal Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of currd

ITU-T Rgcommendations.

2.1

2.2

[[dentical Recommendations | International Standards

—  Recommendation ITU-T T.81 (1992) | ISO/IEC 10918-1:1994, Information technology
compression and coding of continuous-tone still images: Requirements and guidelines.

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

—  Recommendation ITU-T T.84 (1996)/Amd.1 (1999) | ISO/IEC 10918-3:1997/Amd.1:1999, In
technology — Digital compression and coding of continuous-tone still images: Extensions — Ame
Provisions tg allow registration of new compression types and versions in the SPIFF header.

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

ata;

e data;

bn in 2000,

numbers in the ITU and ISO/IEC versions are offset by one. This is the fourth edition of IFU-T T.800 and the fiifth edition

this text,
indicated
d on this
nt edition
ntly valid
ntly valid

— Digital
— Digital

formation
ndment 1:

— Digital
" Profiles,
igistration

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

ression of

COTMIMIONS-1oNe St images = Basetine:

—  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 (latest), 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 (latest), 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 — sSRGB.

— 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 — sSRGB.

— ISO/CIE 11664-1: (latest), Colorimetry — Part 1: CIE standard colorvimetric observers.

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

— IS0 26428-1:2008, Digital cinema (D-cinema) distribution master — Part 1: Image characteristics.

—  ISO/IEC 11578:1996, Information technology — Open Systems Interconnection — Remote Procedure Call
(RPC).

3 [Definitions

For the pyrposes of this Recommendation | International Standard, the following definitions applys

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 tapg|in the low-pass and 3 taps in the high-pass.

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

3.5 [access unit: A coded representation of one video frame.
3.6 AND: Bit wise AND logical operator.
3.7 [arithmetic coder: An entropy coder that converts,variable length strings to variable length codes (encoding)

and vice Yersa (decoding).

3.8 auxiliary channel: A channel that is used-by the application outside the scope of colourspace convgrsion. For
example, pn opacity channel or a depth channel 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-dimensionalatray 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¢mponent,
tile-comppnent, code-block, 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 not include
the markgrs or marker segments in the main and tile-part headers or the EOC marker. It does include any packpt headers
and in-strpam markers-and marker segments not found within the main or tile-part headers.

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

3.13 box:\Aportion of the file format defined by a length and unique box type. Boxes of some types may contain
other boxgs:

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.

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.
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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 coefficient values and context are
applied. There are three types of coding passes: significance propagation pass, magnitude refinement pass and cleanup
pass. The result of each pass (after arithmetic coding, if selective arithmetic coding bypass is not used) is a stream of
compressed 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 transformation system, For exanjple, a red
channel of a greyscale channel would be a colour channel.

3.26 component: A two-dimensional array of samples. An image typically consists of \several companents, 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 interprets a JP2 file\correctly.

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

3.30 context label: The arbitrary index used to distinguish different context values. The labels are psed 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 take§’as its input all or part of a codestream and outputs all of part of a

reconstru¢ted image.

3.34 decomposition level: A collection of wavelet sub-bands where each coefficient has the same spatiallimpact or
span with| respect to the source component samples. These include the HL, LH and HH sub-bands of the Jame 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 informaftfion about
beginning and ending points df structures in the codestream.

3.36 discrete wavelet transformation (DWT): A transformation that iteratively transforms one signal ifito two or
more filtefed and decithdted signals corresponding to different frequency bands. This transformation operates oh spatially
discrete sqmples.

3.37 encoder: An embodiment of an encoding process.
3.38 enicoding process: A process that takes as its input all or part of the source image data and outputs a cqdestream.
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.

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.
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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 image area: A rectangular part of the reference grid, registered by offsets from the origin and the extent 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 matker segments [that offer
ancillary fnformation.

3.53 instantaneous bit rate: For each frame, this corresponds to the size of the ontiguous codestream for|the frame
in bits myltiplied by the frame rate.

3.54 irreversible: A transformation, progression, system, quantization,0t other process that, due to a systemic or
quantization error, disallows lossless recovery. An irreversible process canonly lead to lossy compression.

3.55 JP2 file: The name of a file in the file format described-in{this Recommendation | International [Standard.
Structurallly, 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 Recommendations |
Internatiopal Standards:

—  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;
—  Rec. ITU-T T.86 | ISO/IEC_10918-4.

3.57 JPEG 2000: Used to refer-‘globally to the encoding and decoding processes in this Recommendation |
Internatiopal Standard and their embodiment in applications.

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

3.59 LL sub-band; The sub-band obtained by forward horizontal low-pass filtering and vertical low-pass filtering.
This sub-band contributes to reconstruction with inverse vertical low-pass filtering and horizontal low-pass filfering.

3.60 layer: <AsCollection of compressed image data from coding passes of one or more code-blgcks of a
tile-comppnent. LLayers have an order for encoding and decoding that must be preserved.
3.61 pssless—A—deseriptive-term—for-the-effect-of-the-ove encoding-and-decodingprocesses—n-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.

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 (0xFE).
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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
the location of structures in the codestream.

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

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

3.73 progression: The order of a codestream where the decoding of each successive bit contributes to[a "better"
reconstru¢tion of the image. What metrics make the reconstruction "better" is a function of the applicatijon. Some
examples|of progression are increasing resolution or improved sample fidelity.

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

3.75 raster order: A particular sequential order of data of any type within an afray” The raster order stars with the
top left dgta point and moves to the immediate right data point, and so on, to the end"of the row. After the end pf 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 output of a decodér.

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

3.78 reference grid: A regular rectangular array of points used as a reference for other rectangular arrays of data.
Exampleg 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 (ROI): A collections of coefficients that are considered of particular relevance by Jome user-
defined mjeasure.

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

3.82 reversible: A transfermation, progression, system or other process that does not suffer a sygtemic or
quantization error and therefore,)allows lossless signal recovery.

3.83 Eample: One glement in the two-dimensional array that comprises a component.

3.84 egmentation symbol: A special symbol coded with a uniform context at the end of each coding pasp for error
resilience

3.85 seléctive arithmetic coding bypass: A coding style where some of the code-block passes are not cogled by the
arithmetid e bi e ed are ended dire i i i

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.

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.

© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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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 reference grid origin
and defined 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

3.99 tile-part: A portion of the codestream with compressed image data for some, or all of a tilé.) 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 numbef of tile-parts minys one in a
given tile

3.102  [transformation: A mathematical mapping from one signal space to anoth¢t
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:

1D-DWT One-dimensional Discrete"Wavelet Transformation

CCITT International Telegraph’and Telephone Consultative Committee, now ITU-T

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

CSF Contrast Sensitivity Function

DCP Digital Cinema Package

FDWT Forward Discrete Wavelet Transformation

FEC Forward Error Correction

[CC International Color Consortium

[CT Irreversible Component Transform

[IDWT Inverse Discrete Wavelet Transformation

s I ronal Ll LaicalC .

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)

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.

LRCP Layer, Resolution, Component and Position data packet progression order within a tile
LSB Least Significant Bit
Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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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
RCT Reversible Component Transform
RLCP Resolution, Layer, Component and Position data packet progression order within a tile
ROI Region Of Interest
RPCL Resolution, Position, Component and Layer data packet progression order within a tile
SNR Signal-to-Noise Ratio
TCP Transmission Control Protocol
€S Hmiversat-Character-Sct
URI Uniform Resource Identifier
(URL Uniform Resource Locator
UUID Universal Unique Identifier
XML Extensible Markup Language
(W3C Worldwide web Consortium
4.2 Symbols
For the pyrposes of this Recommendation | International Standard, the followinhg)Symbols apply:
0x---- Denotes a hexadecimal number
nnn A three-digit number preceded by a backsldsh indicates the value of a single byt¢ within a
character string, where the three digits specify the octal value of that byte
e Exponent of the quantization value for.asub-band defined in QCD and QCC
Ly Mantissa of the quantization valuecfor a sub-band defined in QCD and QCC
M, Maximum number of bit-planes‘eoded 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
COC Coding style{component marker
COD Coding style default marker
COM Cominent marker
CRG Component registration marker
EPH End of packet header marker
EOC End of codestream marker
PLM Packet length, main header marker
P Packet length tile-part header marker
POC Progression order change marker
PPM Packed packet headers, main header marker
PPT Packed packet headers, tile-part header marker
PRF Profile marker
PRFnum Profile number as defined in PRF
QcCC Quantization component marker
QCD Quantization default marker
RGN Region-of-interest marker
SIZ Image and tile size marker
SOC Start of codestream marker
© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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SOP Start of packet marker

SOD Start of data marker

SOT Start of tile-part marker

TLM Tile-part lengths marker
5 General description

This Recommendation | International Standard describes an image compression system that allows great flexibility, not
only for the compression of images, but also for the access into the codestream. The codestream provides a number of
mechanisms for locating and extracting portions of the compressed image data for the purpose of retransmission, storage,
display or editing. This access allows storage and retrieval of compressed image data appropriate for a given application,
without decoding.

The divisjon of both the original image data and the compressed image data in a number of ways leads to, thd ability to
extract injage data from the compressed image data to form a reconstructed image with a lower resQlutior] or lower
precision,|or regions of the original image. This allows the matching of a codestream to the transmission ehanngl, storage
device or|display device, regardless of the size, number of components and sample precision of the original ifnage. The
codestrean can be manipulated without decoding to achieve a more efficient arrangement for ajgiven application.

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

In generall, this Recommendation | International Standard deals with three domains: spatial (samples), tragnsformed
(coefficiehts) and compressed image data. Some entities (e.g., tile-component)-have meaning in all three domafins. Other
entities (d.g., code-block or packet) have meaning in only one domain (&.g.; transformed or compressed inhage data,
respectivgly). The splitting of an entity into other entities in the same-domain (e.g., component to tile-complonents) is
described|separately for each of the domains.

5.1 [Purpose

There are|four main elements described in this Recommendation | International Standard:

—  Encoder: An embodiment of an encoding process. An encoder takes as input digital source imagp data and
parameter specifications, and by mediis of a set of procedures generates as output a codestream.

- Decoder: An embodiment of a decoding process. A decoder takes as input compressed imagg¢ data and
parameter specifications, and by means of a specified set of procedures generates as output digital
reconstructed image data.

-~ Codestream syntax: A Jrepresentation 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 ¢an be used by other file formats or stand-alone without this file format.

5.2 (Codestream

The codegtreanr is.a linear stream of bits from the first bit to the last bit. For convenience, it can be divided ipto (8-bit)
bytes, stafting with the first bit of the codestream, with the "earlier" bit in a byte viewed as the most significant bit of the
byte whell given eg 2 hexadecimal repreﬂenmﬁnn This bvte stream mav 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.

5.3 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).

Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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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
extracting a region of the image (see Annex B).

The tile-components are decomposed into different decomposition levels using a wavelet transformation. These
decomposition levels contain a number of sub-bands populated with coefficients that describe the horizontal and vertical
spatial frequency characteristics of the original tile-components. The coefficients provide frequency information about a
local area, rather than across the entire image like the Fourier transformation. That is, a small number of coefficients
completely describe a single sample. A decomposition level is related to the next decomposition level by a spatial factor
of two. That is, each successive decomposition level of the sub-bands has approximately half the horizontal and half the
vertical resolution of the previous one. Images of lower resolution than the original are generated by decoding a 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 concentrated in just a
few coeffficients. Through quantization, the information content of a large number of small-magnitude coeffficients is
further refuced (Annex E). Additional processing by the entropy coder reduces the number of bits required tq represent
these quantized coefficients, sometimes significantly compared to the original image (see Annexes C, D ‘and Bj).

—P> Codestream syntax (Annex A) —»
v o
sn
]
ROI g
(Annex H) 2
5
g 5
= v h 4 h 4 \ 4 \ 4 ‘_5
3 g
2 :
9 . Arithmetic ci . . . T
o Djta ordering . ‘Coefﬁuelm Quantizdtion Transformation DC, comp £
— [Annex B) — coding —{ bit modelling — (Anfex)E) — (Annex F) —» transformatiqn —» 2
(Annex C) (Annex D) (Annex G) z
3
=~
—> File format {gptional, Annex I) —>
T.800(19)_F5-1

Figure 5-1= Specification block diagram

The indiYidual sub-bands of a tiles<Comiponent 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 cpded with
three coding passes. Each of these'coding passes collects contextual information about the bit-plane compresped image
data (see Annex D). An arithtnetic coder uses this contextual information, and its internal state, to decode a cgmpressed
bit stream|(see Annex C.) Différent termination mechanisms allow different levels of independent extraction of this coding
pass compressed imagesdata.

The bit sfream compressed image data created from these coding passes is grouped in layers. Layers arg arbitrary
groupingg 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).

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

© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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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 image (see Annex A).

The codestream is optionally wrapped in a file format that allows applications to interpret the meaning of, and other
information 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 unit of the
original or reconstructed image.

—  Performing the wavelet transformation on a tile-component creates decomposition levels.

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

s mi | 1 1 1 L el - - e 1 1 11 " h " - 1 L 1 1.1 1
— TTITSUU=04IIUS O COCITIVICIIL aIC UudIIUIZTUU alll COIITCLICU TINU TOLLAITSUIAD diTdys O COUC=UIOUK Y.
—  Each bit-plane of the coefficients in a code-block is entropy coded in three types of coding(passes.

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

At this pojnt the image data is fully converted to compressed image data. The procedures that reassemble these [bit 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 §ingle layer of a single resolution
level of a single tile-component. The packets are the basic unit of the €ompressed image data.

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

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

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

6 [Encoder requirements

An encod|ng process converts source image data-to compressed image data. Annexes A, B, C, D, E, F, G and H describe
the encodng process. 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 sdurce image data to compressed image data that conform to the codestream syntax
specified jn Annex A.

7 ecoder requirements

A decodinpg process-converts compressed image data to reconstructed image data. Annexes A to H describe apd specify
the decodjng process<All decoding processes are normative.

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

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.

Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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7.2 Optional file format requirements

Annex I describes the optional file format containing metadata about the image in addition to the codestream. This data
allows, for example, screen display or printing at a specific resolution. The optional file format, when used, shall comply
with the file format syntax and code assignments appropriate for the coding processes defined in this Recommendation |
International Standard.

8 Implementation requirements

There is no normative or required implementation for this Recommendation | International Standard. In some cases, the
descriptions use particular implementation techniques for illustrative purposes only.

© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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Annex A

Codestream syntax

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

In this annex and all 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 Recdmmendation | International Standard does not include a definition of compliance or conformance. The

values of

Al

Markers, marker segments and headers

the syntax described in this annex are not intended to portray the capabilities required to be compliant.

parameter

This Recqmmendation | International Standard uses markers and marker segments to delimit,and'signal the charpcteristics

of the soyrce image and codestream. This set of markers and marker segments is the minimal information

needed to

achieve the features of this Recommendation | International Standard and is not a fileformat. A minimal filq format is

offered in| Annex 1.

Main and

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

segments

Every ma

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

are restricted to only one of the two types of headers while others.ean be found in either.

ker is two bytes long. The first byte consists of a single 0xFF\byte. The second byte denotes the speci

binning of
hd marker

ric marker

and can lhave any value in the range 0x01 to OxFE. Many of thgse’markers are already used in Rec. ITY-T T.81 |

ISO/IEC

A marker| segment includes a marker and associated parameters, called marker segment parameters. In eve
segment the first two bytes after the marker shall be an‘unsigned value that denotes the length in bytes of t

segment [
marker se

shall use the length parameter to discard the marker segment.

Al

Six types
informati
bit-stream
marker sg

describe the coding functions used. In-bit-stream markers and marker segments are used for error resiliend

marker se|

A.1.2
The mark|
The mark

arameters (including the two bytes of this length parameter but not the two bytes of the marker itself
pment that is not specified in this Recommendation | International Standard appears in a codestream, th

Types of markers and marker segments

of markers and marker segments are used: delimiting, fixed information, functional, in-bit stream, p

data. Fixed information*marker segments give required information about the image. The locatio
gments, like delimiting marker and marker segments, is specified. Functional marker segments a

oments provide-specific offsets in the bit stream. Informational marker segments provide ancillary in

Syntax similarity with Rec. ITU-T T.81 | ISO/IEC 10918-1

er and_rharker segment syntax uses the same construction as defined in Rec. ITU-T T.81 | ISO/IEC 1

QL2220 +o N . TOTT o

0918-1 and Rec. ITU-T T.84 | ISO/IEC 10918-3 and shall be regarded as reserved unless specificallly used.

ry marker
he marker
. When a
e decoder

binter and

nal. Delimiting markers ‘and marker segments are used to frame the main and tile-part headerqs and the

n of these
re used to
e. Pointer
ormation.

D918-1.
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s without

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

Marker code range Standard definition
0xFF00, 0xFFO01, OxFFFE, 0OxFFCO to OxFFDF Defined in Rec. ITU-T T.81 | ISO/IEC 10918-1
0xFFFO0 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 OxFF6F, 0xFF90 to 0xFF93 Defined in this Recommendation | International Standard
0xFF30 to 0xFF3F 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
decodg

Al4

Each mar
contained|
codestrea

These deg|
Figure A.
marker ag
marker's {
width of
indicates

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.

bits, denoted by "x", that are not assigned.a value for any field within a parameter. The codest
contain a value of zero for all such bitsiThe decoder shall ignore these bits.

— The markers in the range 0xFF30 to OxEE3F may be used by future extensions. They may or may not be sk
r without ramification.

Key to graphical descriptions (informative)

in the marker segmenttThe usage describes the logical location and frequency of this marker segn
. The length describesswhich parameters determine the length of the marker segment.

hatdthe parameter is of varying size. Two parameters with superscripts and a grey area between them

run of se

S AR | -
CIal’ U UICST palr alirCiers.

8-bit parameter
16-bit marker

|

MAR | Lmar

32-bit parameter Run of n parameters

i Dmar /\‘

[ s

/ 1 n
Bmar Cmar s Emar Emar

Amar

T.800(19)_FA.1

Variable-size parameter

Figure A.1 — Example of the marker segment description figures
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—  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 appe¢ar*at specific points 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 mgrkers and
- All markers with the marker code between 0xFF30 and OxFF3F have no marker segment parameters. They

- Some marker segments have values assignedAo groups of bits within a parameter. In some case$ there are

eam shall

ipped by a

ker segment is described inwteérms of its function, usage and length. The function describes the information

ent in the

criptions are followed by a figure that shows the order and relationship of the parameters in the market 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 ih lower-case letters. A rectangle is used to indicate a parameter's location in the marker segment. The
he réctangle is proportional to the number of bytes of the parameter. A shaded rectangle (diagonpl stripes)

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.] lists the markers specified in this Recommendation | International Standard. Table A.3 shows-a list 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 O0xFF4F required? not allowed
Start of tille-part SOT 0xFF90, not allowed requited
Start of dpta SOD 0xFF93 not allowed last matker
End of cqdestream EOC OxFFD9 not allowed not allowed
Fixed information marker segments
Image anf tile size S1Z 0xFF51 required not allowed
Profile PRF 0xFF56 optional not allowed
Extended| capabilities CAPR 0xFF50 optional not allowed
Functional marker segments
Coding sfyle default COD O0xFF52 required optiogal
Coding sfyle component CcocC 0xFF53 optional optional
Region-of-interest RGN 0xFF5E optional optiofal
Quantization default QCD 0xFF5C required optiofal
Quantizafion component QCC 0xFF5D optional optiofal
Progressipn order change POC OxFFSF optional optiogal
Pointer tharker segments
Tile-part [engths TLM O0xFF55 optional not allowed
Packet lepgth, main header PLM 0xFF57 optional not allowed
Packet lepgth, tile-partJreader PLT 0xFF58 not allowed optiofal
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 OxFFII 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.

Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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Table A.3 — Information in the marker segments

A3

Figure A.
lines shoy
location:

Figure A.
tile-part h|

Information Marker segment

Capabilities

Image area size or reference grid size (height and width)

Tile size (height and width)

S1Z

Number of components

Component precision

Component mapping to the reference grid (sub-sampling)

Capabilities and Profiles CAP, PRF

Tile index

Tile-part data length SOT, TLM

Progression order

Number of layers COD

Multiple component transformation used

Coding style

Number of decomposition levels

Code-block size

D

Code-block style COD, COQ

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
Construction of the codestream
D shows the construction_of the codestream. Figure A.3 shows the main header construction. All of the solid
v required marker segments. The following markers and marker segments are required to be in [a specific
SOC, SIZ, SOT, SOD and EOC. The dashed lines show optional or possibly not required marker segments.
1 shows the construction of the first tile-part header in a given tile. Figure A.5 shows the construction of a
cader otherthan the first in a tile.

© ISO/IEC 2024 - All rights reserved
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SOC Required as the first marker
main Main header marker segments

I

Main header

Required at the beginning of each tile-part header
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
SOT

Tile-part header

N N O

Required as the last marker in the codestream

T.800(19)_FA.2

Figure A.2 — Construction of the codestream
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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

© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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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
Q
=
B
E— - ———-—-———- POC Required if any progression order changes different from‘main 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 asithe 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
\ P 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 - COC m egmen nd-the QCD m egmentsh hie hsz o Q0e h '_designed

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

ng.

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.

Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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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: EY
a codestrd

Length: H
Figure A.

ixed.

Table A.4 — Start of codestream parameter values

Parameter Size (bits) Values

SOC 16 0xFF4F

Start of tile-part (SOT)

b depicts the syntax of the SOT marker segment.

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
hppear in order (see TPsot) in the codestream. However, tile-parts from ether tiles may be interleayed in the
. 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-part-header. There shall be at least one SOT in
am. There shall be only one SOT per tile-part.

B
SOT | Lsot | Isot z
=

TPsot

Psot

T.800(15)_FA6

Figure A.6 — Start of tile-part syntax

SOT:  Marker code. Table A5 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
the’end 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 denoteg the order
from 0. IT there 1s only one tile-part for 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 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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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,or 14to (2*2-1)
TPsot 8 0to 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

AA4.3

Function
header.

Usage: EJ
next SOT
be at least

Length: H

A4.4

Function
NOTE

Usage: SH
NOTE
data w

Length: |

Start of data (SOD)

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

or EOC (end of image) shall be a multiple of 8 bits — the codestream igpadded 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 (EQC)

Indicates the end of the codestredm.
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'\EOC marker.

ixed.
EOC: Marker code

Table A.8 — End of codestream parameter values

a tile-part

bery tile-part header. It shall be the last marker in a tile-part header. Bit-str€am data between an SOD and the

here shall

ssed image

AS

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.

Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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Image and tile size (SIZ)

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.

SIZ | Lsiz | Rsiz Xsiz Ysiz XOsiz YOsiz XTsiz YTsiz
| | S e N S
Csiz | 3| £| 2 Gl |
XTOsiz YTOsiz RN
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 of\the.symbol and parameters|for image
and tile size marker segment.

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

Lsiz = 38 + 3 - Cyiz (A-1)

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

X siz: Width of the reference grid.

Ysiz: Height of the reference grid.

XOsiz: Horizontal offset from the originCof 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: Number-of components in the image.

Ssiz': Precision (depth) in bits and sign of the ith component samples. The precision is the precigion of the
component samples before DC level shifting is performed (i.e., the precision of thf original
component samples before any processing is performed). If the component sample values qre signed,
then the range of component sample values is —26siz1ANDOXTE-1 < component sample value
< 2Bsiz+l ANDOXTR)-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 2024 - All rights reserved
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Table A.9 — Image and tile size parameter values

Parameter Size (bits) Values
S1Z 16 0xFF51
Lsiz 16 41 to 49 190
Rsiz 16 Table A.10
Xsiz 32 1to(22-1)
Ysiz 32 1to(22-1)

XOsiz 32 0to (2¥2-2)
YOsiz 32 0to (232-2)
XTsiz 32 1to(22-1)
YTsiz 32 1to(2¥2-1)
XTOsiz 32 0to (232-2)
YTOsiz 32 0to (232-2)
Csiz 16 1to 16 384
Ssiz! 8 Table A.11
XRsiz! 8 1 to 255
YRsiz! 8 1 to 255
Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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Table A.10 — Capability Rsiz parameter

Val it
alue (bits) Capability
MSB LSB
0000 xXXX 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 Biits
identify Mainlevel as described in Table A.49
000p 0010 0000 wwww Broadcast Contribution Multi-tile Profile as specified in Table A48, lower 4 Bity 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 Fables 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 Tables A.53 and A.54
000p 0110 yyyy wwww 8k IMF Single Tile Lossy Ptefile as specified in Table A.51, lower 8 Bits identify
Sublevel and Mainlevel asspecified in Tables A.53 and A.54
000p 0111 yyyy wwww 2k IMF Single/Multi Tile' Reversible Profile as specified in Table A.52, lower 8 [Bits
identify Sublevel and-Mainlevel as specified in Tables 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 Tables 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
idenfify-Sublevel and Mainlevel as specified in Tables A.53 and A.54
000p 1111 1111 1111 The profile to which the codestream conforms is signalled in the Profile Marker segment
and is not one of the ones listed in this table. The codestream requires only capabilities
specified in this Recommendation | International Standard.
010p 0000 0000 0000 Extended capabilities, as identified by a CAP marker segment, are required
All other values reserved for future use by ITU-T | ISO/IEC
NOTE 1 { The two M8Bs'of Rsiz are used as follows:
e 10— Rec. ITUAT T.801 | 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/|EC 15444-2
e 11 —Ree ITIL-TTROL|JISOAEC 15444-7 capabilities extended via a CAP marker segment

NOTE 2 — The bits identified as wwww in this table describe Mainlevel. The bits identified as yyyy in Table A.10 describe Sublevel.

© ISO/IEC 2024 - All rights reserved
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Table A.11 — Component Ssiz parameter

Value (bits)

MSB LSB

Component sample precision

x000 0000
tox010 0101

Component sample bit depth = value + 1. From 1 bit deep to 38 bits deep respectively (counting the
sign bit, if appropriate)?, R;

0xxx 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.

AS.2 [Extended Capabilities (CAP)
Function| Signals that extended capabilities were used to create (and are recommended or required to flecode) a
codestreamn.
Usage: Optional. If present, it must be included in the main header after the SIZ marker segment and before[any other
marker sggment defined in this Recommendation | International Standard. The second-most=§ignificant bit in|Rsiz may
optionally be set to 1 to indicate the presence of the CAP marker segment.
Length: Yariable.
Figure A.Jbis depicts the syntax of the extended capabilities marker segment.
| S ]'/’ 32
CAP Leap Pcap - Goap Ceap.” -
n
T.800(19)_FA.Tbis
Figure A.7bis — Exténded 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 is 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 Recomme¢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.11zer
Ccap' 16 Value and meaning described in extensions of this Recommendation |
International Standard.

Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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Table A.11ter— Definition of the value of Pcap' parameters

Values (bits)

i
MSB LSB Value of Pcap

DXXKX XXXX XXXX XXXX XXXX XXXX XXXX XXXX Pcaplib

XPXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX Pcap2=b

KXXK XXXX XKXXX XXXX XKXXX 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 Quinorder to avoid cigha]]ihg the. presence of the CAP marker segment Arr\nwﬁng to clayuse A S decoder
implementations are expected to deal with unrecognized marker segments by using the length parameter tdydiscard the
marker segment.

Because ¢f this possibility, decoders that recognize any of the capabilities that would be indicated in a CAP marker
segment rhay choose to parse for the CAP marker segment in all codestreams, regardless of the valu¢ of the secpnd-most-
significanft bit in Rsiz. The CAP marker segment always appears before any other marker segments that support extended
capabiliti¢s indicated in the CAP marker segment, so that such capabilities will have been indicated to the decpder prior
to encounlering any related marker segments.

If a codegtream is created for a use case in which it is desired to deter Rec. ITU-T"T.800 | ISO/IEC 15444-1 decoders
from attempting to decode a codestream that truly requires capabilities indigated in the CAP marker segment, the
codestreafn would ordinarily be constructed such that the second-most-significantbit in Rsiz is set to 1.

A53  [Profile (PRF)

Function} Signals the profile to which the codestream conforms{ Profiles provide limits on the codestregm syntax
parameters.

To avoid |the possibility of multiple profiles simultaneously ‘being signalled, the profile marker shall not apgear in the
codestream if the Rsiz value is in the range 0000 0000 00000000 to 0000 1111 1111 1110.

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

Usage: Optional. If present the PRF marker segment shall appear after the SIZ marker segment and, if present, the CAP
marker segment, but before all other marker segments defined in this Recommendation | International Standardl.

Length: Yariable

Figure A.Jter depicts the syntax of the PRF marker segment.

PRF Lprf Pprf] PprfN

T.800(19)_FA.7ter

Figure A.7ter — Profile syntax

PRF: Marker Code. Table A.1lquater shows the size and values of the symbol and parametgrs 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 = 8a( T ) +1

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

© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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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.216:(-1)

=1

Table A.11quater — Profile parameter values

Parameter Size (bits) Value
PRF 16 0xFF56
LptE 16 4-65534
Pprf! 16 Pprf i are 16 bit integers that are used to communicate PRFnum.
A.6 [Functional marker segments
These mafker segments describe the functions used to code the entire tile, if found in the tilespart header, o image, if
found in the main header.
A.6.1 Coding style default (COD)
Function| Describes the coding style, number of decomposition levels and-layering that is the default| used for
compressing all components of an image (if in the main header) or a tile (if in the-tile-part header). The paramgter values
can be ovgrridden for an individual component by a COC marker segment in either the main or tile-part headef.
Usage: Miin and first tile-part header of a given tile. It shall be one and,only one in the main header. Additionglly, there
may be af most one for each tile. If there are multiple tile-parts in & tile and this marker segment is present, fit shall be
found onlyy in the first tile-part (TPsot = 0).
When usgd in the main header, the COD marker segment parameter values are used for all tile-components that do not
have a copresponding COC marker segment in either the main or tile-part header. When used in the tile-parf header it
overrides the main header COD and COCs and is used fot.all components in that tile without a corresponding C()C marker
segment ip the tile-part. Thus, the order of precedenceis the following:
Tile-part COC > Tile-part COD > MainCOC > Main COD
where the| "greater than" sign > means that the\greater overrides the lesser marker segment.
Length: Yariable depending on the valugwof Scod.
Figure A.B depicts the syntax of the’‘COD marker segment.
2 |
COD | Leod | o SGeod SPCOd
T800(19)_FAS
Figure A.8 — Coding style default syntax
COD:  Marker code. Table A.12 shows the size and values of the symbol and parameters for the cqding style
default marker segment.
Lecod:  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 = - _ (A-2)
13 + number_decomposition_levels user-defined precincts
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 (V4) (07/2024) © ISO/IEC 2024 - 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
SGceod 32 Table A.14
SPcod variable Table A.15
Table A.13 — Coding style parameter values for the Scod parameter
Value (bits)
Coding style
MSB LSB

0000 0xx0 Entropy coder, precincts with PPx = 15 andPPy = 15

0000 Oxx1 Entropy coder with precincts defined below

0000 0x0x No SOP marker segments used

0000 Ox1lx SOP marker segments may be used

0000 00xx No EPH marker used

0000 01xx 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

capabilitig
encoders

NOTE
other R

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

s are signalled via a CAP marker segmentiand the second most significant bit of Rsiz is set. Acgordingly,
hat conform to this Recommendation | International Standard shall set these bits to 0.

1 — The first, second, third, fourth and fifth most significant bits could have a value other than 0 due to uses gpecified in
ecommendations | International Standards to signal alternate coding methods and configurations.

Paranpeters (in order) Size (bits) Values Meaning of SGceod 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 2024 - All rights reserved
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A c|p|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

1 1 n
T (NTOUEIT T

Precimetsize
Figure A.9 — Coding style parameter diagram of the SGeod 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
Number f 8 0to32 Number of decomposition levels, N, Zero implies no transforpnation.
decompogition levels
Code-blogk width 8 Table A.18 | Code-block width exponent pffset value, xch
Code-blogk height 8 Table A.18 | Code-block height expongntyotfset value, ych
Code-blogk style 8 Table A.19 | Style of the code-block’coding 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)
corresponds.to the N LL sub-band. Each successive parametey
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 01QQ Component-position-resolution level-layer progression
All other values reserved
Table A.17 — Multiple component transformation for the SGceod 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

Rec. ITU-T T.800 (V4) (07/2024)
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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 xcb = 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 xXxXXX 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 capal
signalled yia a CAP marker segment and the second most significant bit of Rsiz is set. Accordingly, encoders tha

to this Repommendation | International Standard shall set these bits to 0.

NOTE[2 — The first and second most significant bits could haye a value other than 0 due to uses specified in other Recom

| Internjational 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
0000,0001 5-3 reversible filter
All other values reserved

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

ilities are
t conform

mendations

Value'(bits)
rrcaance Size
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 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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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.

Q Q
COC | Leoc |31 8 [SPcoc’
Ol
T.800(15) FA.10
Figure A.10 — Coding style component syntax

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

Lcoc:  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 fiiom top to
bottom, in Table Ax}S-The coding style parameters within the SPcoc field appear in the| sequence
shown in Figure A.J1.

A|B|C|D|E|F

T.800(15)_FA.11
A Number of decomposition levels
B Code-block width
C Code-block height
D Code-block style
E . Transformation
F through F Precinct size
Figure A.11 — Coding style parameter diagram of the SPcoc parameters
Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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Table A.22 — Coding style component parameter values

Parameter Size (bits) Values
CcoC 16 0xFF53
Lcoc 16 9to 43
Ccoc 8 0 to 255; if Csiz <257
16 0to 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

Value-(hits)
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

Region of interest (RGN)
Signals the presence of an ROI in the codestream.

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

d in the tile-part header, the scaling value is valid only for on¢‘component in that tile. There may be a
ker segment for each component in either the main or tile-partheaders. The RGN marker segment for a

componeit which appears in a tile-part header overrides any matker for that component in the main header, foq

which it a
header.

Length:

Figure A.

Variable.

ppears. If there are multiple tile-parts in a tile, then this'marker segment shall be found only in the fir

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

C|w
T.800(15)_FA.12

= 2| &
RGN | Lrgn | 2| | 2
w

Figure A.12 — Region-of-interest syntax

e for one

most one
particular
the tile in
5t tile-part

RGN: Markertcode. Table A.24 shows the size and values of the symbol and parametegs 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.
St ROTstytefortheturrent ROT-Tabte A-25shows thevatuefor theStgmparameter:
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 5t06
Crgn 8 0 to 255; if Csiz <257
16 0 to 16 383; Csiz > 257
Srgn 8 Table A.25
SPrgn 8 Table A.26
© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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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 0to 255 Binary shifting of ROI coefficients above the background

A.6.4

Quantization default (QCD)

Function
The parar]
tile-part h

Usage: Mfin and first tile-part header of a given tile. It shall be one and only one in the main header.*At most,
al

one for
be found

When usd
order of py

where the
Length: \
Figure A.

heter values can be overridden for an individual component by a QCC marker segment in either'th
cader.

tile-part headers of a tile. If there are multiple tile-parts for a tile, and this marker segnient is prese
nly in the first tile-part (TPsot = 0).

d in the tile-part header it overrides the main QCD and the main QCC for the specific component.
recedence is the following:

Tile-part QCC > Tile-part QCD > Main QCC > Main QCD
"greater than" sign > means that the greater overrides the lesser martker segment.
Variable depending on the number of quantized elements.

|3 depicts the syntax of the QCD marker segment.

QCD | Lged

Sqed
SPqed
SPqun

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 qu
default marker segnieht.

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

4+ 3 - number_decomposition_levels no_quantization
Lged\="45 scalar_quantization derived
5+ 6 - number decomposition levels scalar_quantization_expounded

where number decomposition_levels is defined in the COD and COC marker segm

Describes the quantization default used for compressing all components not detined by a QCC markef segment.

e main or

it may be
nt, it shall

Thus, the

antization

ameter 1S

(A-4)

ents, and
led in the

no quantization, scalar quantization derived, or scalar quantization expounded is signa

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 4 to 197
Sqcd 8 Table A.28

SPqcd! variable Table A.28

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

Value (bits) o SPqed f)r SPqcd or
Quantization style SPqcc size P
MSB LSB (bits) SPqcc usage

xkx0 0000 No quantization 8 Tiablle A.29

xkx0 0001 Scalar derived (values signalled for N.LL sub-band only). 16 Tabjle A.30
Use Equation (E-5)

xkx0 0010 Scalar expounded (values signalled for each sub-band). 16 Tablle A.30
There are as many step sizes signalled as there are sub-bands

0p0x xxxx Number of guard bits: 0 to 7

to
1]1x xxxx

All other values reserved

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

Value (bits)
Reyersible step size values
MSB LSB
D000 Oxxx 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

xxxk x000 0000 0000 Mantissa, y,, of the quantization step size value (see Equation (E-3))
to

xxx¥ x111 1111 1M1

000 OxxXX XXRK\XXXX 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.

© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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Figure A.14 depicts the syntax of the QCC marker segment.

QCC | Lqgce

. 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:

Nd
neq
to

A.6.6

S 3 Number_decomposition_Ievels
6
L 6 + 6 - number_decomposition_levels
qee = 6 + 3 - number_decomposition_levels
7

7 + 6 - number_decomposition_levels

orrect this marker segment.

levels.

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_qu
scalar quantization derived, or scalar quantization expounded is signalledin the Sqcc parameter.

TE — The Lqcc can be used to determine how many step sizes are present-in.the marker segment. However,
essarily a correspondence with the number of sub-bands present because the.sub-bands can be truncated with no 1

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

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 itithe tile-component with the greatest number of deco

Table A.31 — Quantization component parameter values

Parameter Size (bits) Values
QCC 16 0xFF5D
Lqcé 16 5to 199
Cqce 8 0 to 255; if Csiz <257
16 0 to 16 383; Csiz > 257
Sqcce 8 Table A.28
SPqcc! variable Table A.28

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
quirement

exed 0, 1,

hmeters 1is
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.

Rec. ITU-T T.800 (V4) (07/2024)
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Length: Variable depending on the number of different progressions.

Figure A.15 depicts the syntax of the POC marker segment.

POC Lpoc —é _é LYEpoc' ﬁé ﬁé- 8 =§. :é. LYEpoc" =§ cé 58
poc o &,
Z2 |8 2| 8= z ¢ = | 0=
T.adac15)jA.15
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.

1L poc. L Pngﬂ'\ of marker qumpn‘r in bvtes (not Gnr‘]nﬂing the marker) The value of this pa ameter is
determined by the following equation:

2 4+ 7 -number_progression_order change Csiz < 257
Lpoc = . - . (A-6)
2 4+ 9 - number progression_order change Csiz > 257
where the number_progression_order changes is encoder defined.

RSpoc': 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 be derived
from the length of the marker segment.

(CSpoc': Component index (inclusive) for the start of a progression. The components are indexed 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 length of the
marker segment.

LYEpoci: Layer index (exclusive) for the end of @ 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 the¢dength of the marker segment.

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

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

Ppoci: 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 (RSpoci+ 1) to 33
CEpoc 8 (CSpoci + 1) to 255, 0; if Csiz < 257
16 (0 is interpreted as 256)
(CSpoc' + 1) to 16 384, 0; Csiz > 257
(0 is interpreted as 16 384)
Ppoc! 8 Table A.16
© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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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.

A7.1

Function
of the SO
in the TL]

Usage: M
the main ]

Length: \

Figure A.

Tile-part length (TLM, SOT(Psot))

& 2

SOT

Tile-part marker

segments SOD Bit stream

neader.

Tile-part lengths (TLM)

/ariable depending on the number of tile-parts in the\codestream.

| 7 depicts the syntax of the TLM marker segment.

T.800(19)_FA.16

Figure A.16 — Tile-part lengths

Describes the length of every tile-part in the codestream. Each tile-part's length is measured from th¢ first byte
[ marker segment to the end of the bit-stream data of that tile-parts The value of each individual tile-part length
M marker segment is the same as the value in the corresponding Psot in the SOT marker segment.

ain header. It can be used optionally in the main header pnly/ There may be multiple TLM marker sdgments in

E =) i n’ n |
TLM | Lim | == Tﬂm]’ Ptlm’ Ttlm~ | Ptlm
’ T.800(15)7FA.1'7

Figure A.17 — Tile-part length syntax

TLM: Marker codei;Table A.33 shows the size and values of the symbol and parameters for the tile-part
length nratker segment.
Ltlm:  Length. of marker segment in bytes (not including the marker). The value of this pafameter is
determined 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
FF4-number_of tilc_parts_in_marker segment  S1 = ZAND SP =0
Ltlm = ) . (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; S7 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.
Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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A7.2
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 O0xFF55
Ltlm 16 6 to 65 535
Ztlm 8 0 to 255
Stlm 8 Table A.34
Ttlm'! 0if ST=0 tiles in order
8ifST=1 0to 254
16ifST=2 0 to 65 534
Ptlm’ 16 if SP=0 14 to 65 535
32ifSP=1 14 to (22— 1)
Table A.34 — Size parameters for Stim
Value (bits)
Parameter size
MSB LSB
xx00 xxxx ST = 0; Ttlm parameter is 0 bits, only one file-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
x0xxX XXXX SP = 0; Ptlm parameter 16 bits
x1XX 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.

Variable depending on the number of tile-parts in the image and the number of packets in each tile-part.

| 8 depicts the syntax of the PLM marker segment.

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

im~ nm -

PCM | Lplm

Zplm

CE ’n’]’
= | Iplm~ | Iplm
£ p

EV
S ’lplm lp}t‘n

T.800(15)_FA.18

Figure A.18 — Packets length, main header syntax

PLNT— Marker code. Table A.35 shows the size and vatues of the symbol and parameters for 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.

© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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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.

Nplmi:

Iplmi: 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.

Table A.35 — Packets length, main header parameter values
Parameter Stze o1ty Values
PLM 16 0xFF57
Lplm 16 4 to 65 535
Zplm 8 0 to 255
Nplm! 8 0to 255
Iplmi 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 length. Instead, these 7 bits are a portion of those that make yip the
packet length. The packet length has been broken ifito 7-bit segments which are sent in order from the most signifficant
spgment to the least significant segment. Furthermore, the bits in the most significant segment are right justified fo the
%te boundary. For example, a packet length.6f*[28 is signalled as 1000 0001 0000 0000, while a length of 512 i
sfgnalled as 1000 0100 0000 0000.

A7.3

Function

Usage: Tille-part headers. Therednay be multiple PLT marker segments per tile. Both the PLM and PLT marker

are option
are descri

Length: \
Figure A.

Packet length, tile-part header (PLT)

A list of packet lengths in the tile-part.

al and can be used-together or separately. It shall appear in any tile-part header before the packets who
bed herein.

Variable depending on the number of packets in each tile-part.

19 depicts the syntax of the PLT marker segment.

segments
se lengths

PLT | Lplt | &| 1plf Iplt.

T.800(15)_FA.19

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

Rec. ITU-T T.800 (V4) (07/2024)

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.

© ISO/IEC 2024 - All rights reserved
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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
Iplt! variable Table A.36

Packed packet headers, main header (PPM)

Function
NOTE

Usage: M
tile-part h|

The packq
the packe
bit stream

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

Length: \

Figure A.

A collection of the packet headers from all tiles.

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

ain header. It may be used in the main header for all tile-parts unless a PPT marker segmerit is ul
cader.

t headers shall be in only one of three places within the codestream. If the PPM matker segment is g

of the tile-parts are disallowed.

no PPM marker segment then the packet headers can be distributed either in PPT marker segments or ¢
estream as defined in B.10. The packet headers shall not be in both a PPT marker segment and the ¢
e tile. If the packet headers are in PPT marker segments, they shdll appear in a tile-part header
ding packet data appears (i.e., in the same tile-part header or orle with a lower TPsot value). The
PT marker segments in a tile-part header.

Variable depending on the number of packets in each tilespast 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

listributed
pdestream
before the
e may be

RS

PPM | Lppm Ippmim Ip.pmnj Ippm"

Zppm

N ppmi Nppmn

Ippm?|

T.800(15)_FA.2

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

PPM:  Marker code. TableA.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.

The.sequence of (Nppm', Ippm') parameters from this marker segment is concatenated, i
increasing 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.

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

p

he packed

Zppm: Index of this marker segment relative to all other PPM marker segments present in the mafin header.

h order of
htry in the
ing in the

e series of

L 4 i +k ) 41 AL i 41 4 1 las M M Al
TPPIT PaldimotiCISUCSUITOUT U Yy  HILTINPPIIT GOCS TTOTTIA VU TO- OCCUTHTPTUTU T d ETVOIT HTIAT KT

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 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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Parameter Size (bits) Values
PPM 16 0xFF60
Lppm 16 7 to 65 535
Zppm 8 0to 255
Nppm' 32 0to (232 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: Tile-part headers. It shall appear in any tile-part header before the packets whose headers are described herein.
The packgt headers shall be in only one of three places within the codestream. If the PPM marker segmentyis'fresent, all
the packet headers shall be found in the main header. In this case, the PPT marker segment and packets.distfibyited in the
bit stream| of the tile-parts are disallowed.
If there is ho PPM marker segment, then the packet headers can be distributed either in PPT marker'segments or distributed

in the codestream as defined in B.10. The packet headers shall not be in both a PPT marker s¢gment and the c
for the same tile. If the packet headers are in PPT marker segments, they shall appear in ‘a’tile-part header
corresponiding packet data appears (i.e., in the same tile-part header or one with a lewer TPsot value). The
multiple BPT marker segments in a tile-part header.

Length: Yariable depending on the number of packets in each tile-part and the siz¢ of the packet headers.

Figure A.

A8

D1 depicts the syntax of the PPT marker segment.

. O‘(
PPT Lppt , 'Ipptl )

é I o
S Ippt

T.800(15)_FA.21

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

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

pdestream
before the
e may be

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

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

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

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

level ‘are determined from the method of progression or POC marker segments. The contents are
exactly the packet header which would have been distributed in the bit stream as described|in B.10.

Parameter Size-(bits) Values
PPT 16 0xFFol
Lppt 16 410 65 535
Zppt 8 0to 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.)

A.8.1

Start of packet (SOP)

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

Rec. ITU-T T.800 (V4) (07/2024)
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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.

SOTP tsop—TINsop

T.800(15)_FA.22

Figure A.22 — Start of packet syntax

is reached, the number rolls over to zero.

Table A.40 — Start of packet parameter values

A8.2

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

[End of packet header (EPH)

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

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

[Nsop:  Packet sequence number. The first packet in a coded tile is\assigned the value zero. For every

successive packet in this coded tile this number is incremenfed by one. When the maximun number

Function| Indicates the end of the packet header for a given packet. This delimits the packet header in the bit|stream or
in the PPM or PPT marker segments. Thigmarker does not denote the beginning of packet data. If packet head

in-bit stre

Usage: SH

hm (i.e., PPM or PPT marker segments are used), this marker shall not be used in the bit stream.

a packet Header.

If EPH m
part shall

hirkers are required (by signalling in the COD marker segment, see A.6.1), each packet header in any

Prs are not

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

iven tile-

Length: Hixeds
EPH:

Marker code

be postpended Wwith an EPH marker segment. If the packet headers are moved to a PPM or PPT markei| segments
(see A.7.4 and A.75)y then the EPH markers shall appear after the packet headers in the PPM or PPT marker s

egments.

A9

Table A.41 — End of packet header parameter values

Parameter

Size (bits)

Values

EPH

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 file format such as JP2 (see Annex I).

© ISO/IEC 2024 - 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.23 dppiom the syntax of the CRG marker segment

CRG | Lerg Xcrgi \(mgL Xerg | Yerg'

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 component
registration marker segment.

Lerg:  Length of marker segment in bytes (not including the market).
Xerg':  Value of the horizontal offset, in units of 1/65536 of‘thé horizontal separation XRsiz., for the ith
component. Thus, values range from 0/65536 (sample occupies its reference grid [point) to
XRsiz¢(65535/65536) (just before the next sample's'reference grid point). This value is repeated for
every component.

Yergi:  Value of the vertical offset, in units of 1/65536 of the vertical separation YRsiz!, for the ith cgmponent.
Thus, values range from 0/65536 (sample occupies its reference grid point) to YRsiz¢(655B5/65536)
(just before the next sample's reference grid point). This value is repeated for every compopent.

Table A.42 — Component registration parameter values

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

A.9.2 Comment (COM)
Function| Allows unstructured data in the main and tile-part header.

Usage: Main, and tile-part headers. Repeatable as many times as desired in either or both the main or tile-paft headers.
This marker segment has no effect on decoding the codestream.

Length: Variable depending on the length of the message.
Figure A.24 depicts the syntax of the COM marker segment.

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.

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

Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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Registration value of the marker segment.
Byte of unstructured data.

Table A.43 — Comment parameter values

A.10

In order t¢ promote the wide inter-operability of JPEG 2000 codestream, codestream restrictions are introduced|
of "No Restrictions" meaning conforming to this Recommendation | International Standard can be called

Parameter Size (bits) Values
COM 16 0xFF64
Lcom 16 5to 65 535
Rcom 16 Table A.44
Ccom! 8 0 to 255
FableA-44—Registration—valuesfor-the Reom-parameter

Values Registration values
0 General use (binary values)
1 General use (ISO/IEC 8859-15 (Latin) values)
All other values reserved

Profile-0 and Profile-1 are defined as follows.

Maximunp interchange will be achieved for codestreams corresponding to Profile-0, and medium interc

codestreamns corresponding to Profile-1.

(Codestream restrictions conforming to this Recommendation | International Standard

Table A.45 — Codestream restrictions

. The case
Profile-2.

hange for

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 dimension 128 x 128:
YTsiz=XTsiz =128
or one tile for the whole image:

XTsiz / min(XRsiz!, YRsiz') > 1024
XTsiz = YTsiz
or one tile for the whole image:

YTsizvt+ YTOsiz > Ysiz YTsiz + YTOsiz > Ysiz

XTsiz + XTOsiz > Xsiz XTsiz + XTOsiz > Xsiz
Image anf tile origin XOsiz = YOsiz = XTOsiz = YTOsiz =0 XOsiz, YOsiz, XTOsiz, YTOsiz < 23!
RGN mafker segment, SPrgn <37 SPrgn <37

Sub-sampling

XRsiz' =1, 2, or 4
YRsiz' =1, 2, or 4

No restriction

Code-bldcks

Code-blotkstze

L “

L L r< L L “
XCO—— JCU TOTXCO=YCD O

L “
ACO =0 VCO =0

Code-block style

SPcod, SPcoc = 00sp vtra
wherea=r=v=0,andt,p,s=0or 1
NOTE 1 -

t=1 for termination on each coding pass
p =1 for predictive termination

s = 1 for segmentation symbols

No restriction

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,
(Xsiz — XOsiz) / D(I) < 128 and
(Ysiz — YOsiz) / D(I) < 128 where

For each tile in the image,
Lx1/D()] - tx0/D(i)] < 128 and
Lty1/D(i)] - L ty0o/D(i)] < 128 where

© ISO/IEC 2024 - All rights reserved
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Table A.45 — Codestream restrictions

Restrictions Profile-0 Profile-1
D(I) — 2numberﬁdecompositionﬁlevels in SPcod or D(l) — 2numberﬁdecompositionﬁlevels 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-parts 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

In addition to the profiles defined in Table A.10, five profiles are defined for digital cinema and archiving appl
detailed in Table A.46. The first two, in the form of Profile-3 and Profile-4, are primarily intended for distri
addition, fthe three profiles listed under profile indication numbers 5 to 7 are intended for archiving and f
purposes.| The two extended scalable profiles (Profile-5 and Profile-6) are intended to be used for easily
archives. [The long-term storage profile (Profile-7) is intended.for original camera capture or post-production W

Codestream restrictions for digital cinema applications including-archiving

Rec. ITU-T T.800 (V4) (07/2024)
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ISO/IEC 15444-1:2024(en)

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 Np wavelet transform levels (NL+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 Nt (and layer 1).

Tile-part Tile-part Tile-part Tile-part Tile-part Tile-part
header 2K 0 header K1 header 2K 2 header K0 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 comprg¢ssed data
layout of|the 2K and 4K information belonging to the second quality layer. Assuming Ni wavelet transfqrm levels
(N_+1 resplutions), the rectangle labelled Ext 2K i (i =0, 1, 2).eontains all packets for colour component i, rpsolutions
0 to Ny —1Jand layer 2. The rectangle labelled Ext 4K i(i= 0, I} 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_I header || 4K_2

T.400(19)_FA.27

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 Sk Tile-part Sk Tile-part Sk Tile-part Rk Tile-part Rk Tile-part Rk
header header cOprril header clp*rril header c2priil header cOp*rri2 header cOp*rri2 header cOp*rri2

T.800(19)_FA.29
Figure A.29 — Codestream structure for the scalable 2K digital cinema profile
Assuming N; wavelet transform levels (N +1 resolutions), the rectangle labelled cip*r*11 (i =0, 1, 2) contains all packets

for colour component 7, all precincts, resolutions 0 to N, and layer 1. The rectangle labelled cip*r*12 (i =0, 1, 2) contains
all packets for colour component i, resolutions 0 to N, 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§8

© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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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

1 or 4 tiles

If 1 tile
YTsiz + YTOsiz >= Ysiz
XTsiz + XTOsiz >= Xsiz

If 4 tiles 1f 4 tiles
Ysiz/4 <= YTsiz + Ysiz/4 <= YTsiz +
Y TOsiz=—Y51Z Y TOsiz=—Y517
Xsiz/2<= XTsiz + Xsiz/2<= XTsig +
XTOsiz <= Xsiz XTOsiz <= Xsiz
All tiles shall be of the same | All tiles shallbe of the same
size size
Imagp and tile origin XOsiz =YOsiz=XTOsiz= | Same Same
YTOsiz=0
Sub-gampling (XRsizi =1 for all Same Same
components) or (XRsizl=1,
XRsiz4=1 and XRsizi=2 for
remaining components).
YRsizi=1
Numper of components Csiz<4 Same Same
Bit d¢pth 7 < Ssiz! < 11 (8-12 bits Same Same
unsigned)
RGN mafrker segment Disallowed, i.e., no region Same Same
of interest
Marker locations
Pack¢d headers (PPM, PPT) Disallowed Same Same
COD COC, QCD, QCC Main header only Same Same
COD/CQC marker segments
Numbper of decomposition 1 <=NL<=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.
Numper of layers Shall be exactly 1 Same Same
Codetblock size S5<xcb<7and 5 <ych <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

© ISO/IEC 2024 - All rights reserved
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Table A.48 — Codestream restrictions for broadcast application profiles

Broadcast contribution

Broadcast contribution

Broadcast contribution

single tile profile multi-tile profile 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
samphng-Frate
Max tompressed 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
Mainleve] 2 130 200
Mainleve] 3 195 200
Mainlevd]l 4 260 400
Mainleve] 5 520 800
Mainleve]l 6 1200 1600
Mainlevel 7 2400 3200
Mainlevef 8 4800 6400
Mainlevel 9 9600 12800
Mainlevel 10 19200 25600
Mainleve] 11 38400 51200

# Max. corppressed Bit Rate\= Max. instantaneous Bit Rate
Mega (M), in the confext*of this Specification, is 10°

Sampling Rate = (Avpmgp anpnneﬂtQ [Pixel) x (pismlq line) x (total lines / frame) x (frames / sec)

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

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°

Rec. ITU-T T.800 (V4) (07/2024)

© ISO/IEC 2024 - All rights reserved

54



https://iecnorm.com/api/?name=1d3c54a01d44ad897493071c4eee2510

ISO/IEC 15444-1:2024(en)

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

2k IMF Single Tile Lossy
Profile

4k IMF Single Tile Lossy
Profile

8k IMF Single Tile Lossy
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=10
Sub-sampling (XRsiz = 1 for all Same Same
components) or (XRsiz'=1,
XRsiz'=2 for remaining
components).
YRsizi=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
Marlker locations
Packied headers (PPM, PPT) Disallowed Same. Same
COD, CQC, QCD, QCC Main header only Samé Same
COD/COC marker segments
Numbeq of decomposition levels |1 <=N, <=5 1<=NL<=6 1 <=NL<=7

Every component of every
image of a codestrearn shall
have the same number of
wavelet transform Ievels.
The numbercof deployed
decompositien levels shall
be set aceordingly in all

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

Every component off every
image of a codestregm shall
have the same numbler of
wavelet transform ldvels. The
number of deployed
decomposition levelp shall be
set accordingly in alf 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-bleck style SPcod, SPcoc = 0000 0000 | Same Same

Transfermation 9-7 Irreversible Transform | 9-7 Irreversible Transform 9-7 Irreversible Trafsform
Precinct size PPx=PPy =7 for 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

© ISO/IEC 2024 - All rights reserved
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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 Tables 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 IMF single/mplti-tile
reversible profile

SIZ marker segment

Profile Inglication

See Table A.10

See Table A.10

See Table A.10

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

or multiple tiles with tile
sizes:
XTsiz=YTSiz=1024

image:
YTsizAYTOsiz >= Ysiz
XTsiz % XTOsiz >= Xsiz

ermultiple tiles with tile
sizes:
XTsiz=YTSiz=1024 or

XTsiz=YTSiz=2048

[mage size Xsiz <= 2048, Ysiz <= Xsiz <= 4096, Ysiz<x 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:
YTsiz + YTOsiz >=|Ysiz
XTsiz + XTOsiz >=|Xsiz
or multiple tiles witl tile

sizes:
XTsiz=YTSiz=1024 or

XTsiz=YTSiz=204§ or
XTsiz=YTSiz=4096

[mage and tile origin XOsiz = YOsiz =XTOsiz= | Same Same
YTOsiz=10
Sub-sampling (XRsiz' = [for all Same Same
components) or
(XR$iz!=1, XRsiz'=2 for
rermaining 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 headers (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 <= N <=4 for XTsiz>=
1024

or

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

or

1 <= N <=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 <= Ny <=7 for XTsiz>=
8192
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Table A.52 — Codestream restrictions for interoperable master format (IMF)

single tile/multi-tile r

eversible 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.
MNombereoflayers——Shall be-exasthyt————Sam 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
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. Components Sampling Rate | see Table A.53 Same Same
Max. compressed Bit Rate see Tables A.53 and A.54 Same Same
The maximtnt codestream
size is the:Max. compressed
Bit rate divided by the frame
rate.
Table A.S3 — 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)
Mainleve] 0 Unspecified Unspecified
Mainlevel 1 65 Sublevels 0 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 O 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

© ISO/IEC 2024 - All rights reserved
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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. corppressed 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

Rec. ITU-T T.800 (V4) (07/2024)

© ISO/IEC 2024 - All rights reserved

58



https://iecnorm.com/api/?name=1d3c54a01d44ad897493071c4eee2510

ISO/IEC 15444-1:2024(en)
Annex B

Image and compressed image data ordering

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

B.1
The refer

Introduction to image data structure concepts

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

e.g., the inage area and tiles.

The comj
(see A.5.1
sample i

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

componeipts with each other used for coding only.

Each com
independgd
resolution
decompoq

Each sub-
NOTE

Precincts

[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 decompaosition 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 decompositi

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 whichplace all sub-bands for a component in a sing

and code-blocks are defined at the resolution leveliand sub-band. Consequently, they can vary

componeits. Precincts are defined so that code-blocks fit neatly,)i.e., they "line up" with each other.

In the ac
coinciden|
and/or loy

companying figures, boundaries and coordinatevaxes are shown. In each case, the samples or ¢
L with the left and upper boundaries are included’in a given region, while samples or coefficients alon
er boundaries are not included in that region.

ence grid,

r°, YRsiz®
omponent
tration of

are coded
related to
from one
on levels.
tband.

e space.

over tile-

efficients
b the right

Also, in the accompanying formulae, many of the variables have values that can change as a function of comp¢nent, tile,

or resolut
propagati

B.2
All comp

on level. These values may change explicitly (through the syntax described in Annex A) or implicitly
n). For convenience of notatien; 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}

parameteils defining the reference grid appear in Figure B.1. The reference grid is a rectangular grid of point

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

m (0, 0) to (Xsiz = 1, Ysiz — 1). An "image area" is defined on the reference grid by the dimensional p
z) and (XOsiz, 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 a
YsiZ —b).

The samp|

y (through

le various
5 with the
prameters,
left hand

location

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, y1 — 1), with Xy, yo, X1, y1 as defined

in equatio

n (B-1):
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Xsiz

(©

0) | XOsiz |

+— (Xsiz—1,0)

YOsiz

The rows in the figure correspond to boundary
(XOsiz reference gr%d po%ntsA The imagc area ir.lcludcs
YOsiz)! reference grid points at locations (XOsiz,

YOsiz) and (Xsiz — 1, Ysiz — 1), as well as all
reference grid points in between.

Ysiz

Image area

Thus, the

The paran
NOTE
compo
NOTE
a parti
that is

dimensions of component ¢ are given by:

v e P o .
4 T.800(19) FB.1 (Xsiz—1, Ysiz —1)

(0, Ysiz— 1)

Figure B.1 — Reference grid diagram

XOsiz Xsiz YOsiz Ysiz
Xo = e X = | Yo = e = 7c
XRsiz XRsiz YRsiz YRsiz

(width, height) = (Xl — Xo» ¥ _yO)

heters, Xsiz, Ysiz, XOsiz, YOsiz, XRsiz® and YRsiz® ar¢ all defined in the SIZ marker segment (see

1 — The fact that all components share the image offset,(XOsiz, YOsiz) and size (Xsiz, Ysiz) induces a registr
hents.
2 — Figure B.2 shows an example of three components mapped to the reference grid. Figure B.3 shows the imag

ular image offset with different (XRsiz, YRsiz),values. The upper left sample coordinate in the image compon
ncluded in the image area, is also illustrated.

(0, 0) / Reference grid

(B-1)

(B-2)

\.5.1).
ition of the

e area from
bnt domain

| | | | |
-8 -e-e--e-e -0 -e o

T.é00(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
T ] T >|( ‘ | Image area: (XOsiz, YOsiz) = (3, 2)
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I I I | [ I For (XRsiz, YRsiz) = (2, 2):
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-H - - W -@®-W-  For(XRsiz, YRsiz) = (3, 2):
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bbb o
T.800(19)_FB.3 2112

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

B.3 [[mage 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 afe defined,
on the reference grid, by dimensional pairs (XTsiz, YTsiz) and (XTOsiz, YTOsiz), respectively.'These are all jarameters
from the $IZ marker segment (see A.5.1).
Every tilg is XTsiz reference grid points wide and YTsiz reference grid points highs The top left corner of the 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.
-5 XTOsiz XTsiz
o
S
(XTOsiz, — LA e Tile ind
YTOsiz) ~ATo| TI T2 T3 T4 ¢—— 'tic ndex
- number
i 2z
Z | TS | 6 T7 T8 T9
- -~
ClTio| Tt | iz | T3 T4
T15 T16 T17 T18 T19
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 = {XSZZ_—XTOSIZ—l

. 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:

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

numXtiles

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:

,(p.q) = max(XTOsiz + p - XTsiz, XOsiz) (B-7)

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

where txo(p, q) and tyo(p, q) are the coordinates of the upper left corner ofithe tile, tx1(p, ¢) — 1 and ty1(p, q) 1 | are the
coordinatg¢s of the lower right corner of the tile. We will often drop the tilé's'coordinates in referring to a specific tile and
refer to thie coordinates (xo, £0) and (x1, ).

Thus, the |[dimensions of a tile in the reference grid are:
(x) — txqy by —1tyg) (B-11)

Within the domain of image component i, the coordinates of the upper left-hand sample are given by (zcxo, fc)o) and the
coordinatg¢s of the lower right-hand sample are given'by (fcx| — 1, fcy1 — 1), where:

L t
texg = { all -‘ feky = ’V ad —‘ tfeyg = { Yo -‘ fey, = ’V o1 -‘ (B-12)
.1 .1 .1 .1
XRsiz XRsiz YRsiz YRsiz

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

(texy — texg, tey; — teyg) (B-13)

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

The followingsexample is included to illustrate the mapping of image components to the reference grid ang the area
induced bj t111ng across components w1th dlfferent sub- samphng factors The example assumes an apphcatlon in which
an origing age aspe e e Standard.
Choices of the i 1mage 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.5 — Referéncé grid example

pference grid size (Xsiz, Ysiz) be (1432,954). In this example, the image will contain two cd
nt indices will be represented by i = 0, 1):‘The sub-sampling factors XRsiz' and YRsiz' of the two cq
et to the reference grid will be XRsiz” = YRsiz’ = 1 and XRsiz! = YRsiz! = 2. The image offset i

B-1). The upper left corner of domponent 0 is found at (| 152/11,[234/1 ) = (152, 234). The lower ri
nent 0 is found at (1432/011, [954/11— 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 (1432/21-1,1954/21- 1) = (715, 476).
mponent 1 is therefore’640 samples in width by 360 samples in height.

hre 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(ofyz = 16 tiles, with tile grid indices p and ¢ in the range 0 < p, g < 4. It is now possible to co
of\the tiles in each image component. To do so, the values of xo, txi, tyo and #y; are determ

0(19)_FB.5

mponents
mponents
set to be

Osiz) = (152, 234). Given these parameters, the sizes of the two image components can be determiined from

bht corner
therefore
234/21) =
['he actual

nd the tile
ined from
therefore
mpute the
ned from

Equations

-] pQ Do 1/ 3o - 1 1 1 PANNE TS I 1 1 1 . .
(B-=7),(DB-6), (B-7) dlIU {DB-1U). SHICT p 4l § SIdIT UIT SAIIIC STU U1 dUIIISSIDIC VAIUCS, UIC IOLdUOIT

: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 £xg are found as txo(0:3, *) = {152, 396, 792, 1188}, and the values of #x; are given by
tx1(0:3, *) = {396, 792, 1188, 1432}. The values of tyy are tyo(*, 0:3) = {234, 297, 594, 891}, and the values of #y; are
i(*, 0:3) = {297, 594, 891, 954}.
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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, £x1, £yo and ty; now known, the locations and sizes of all tiles can be determined for epch of the
componeits. To do so, Equation (B-12) is used. The releyantlocations and sizes for component 0 are shown in Higure B.6,
while the [same information is provided for component\l in Figure B.7. Of particular interest are the 'interior' tiles in the

figures (ti
these tiled
(XRsiz’, ]
(2,2). No
149. This
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With thes
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values of
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image. Si
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fes (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~tesult of the fact that the sub-sampling factors for this comy
Y Rsiz’) = (1, 1). However, in compbrent 1, these tiles are not all the same size because (XRsiz',
tice that tiles (1, 1) and (2, 1) arelboth 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 crop
ce grid size (792, '594). When such a cropping is performed, it will not be necessary to recode the til
some of thefefetence 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
milarly,“the image size must be adjusted to reflect the cropped size (Xsiz’, Ysiz) = (1188, 8
iz") are the sizes of the cropped reference grid. Finally, the tile offsets are no longer zero and instea

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

ctly to the
bed image
bs, but the
tes of the
c cropped
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d must be

Qsiz7, YTOsiz") = (396, 297) where (XTOsiz’, YTOsiz’") are the tile offsets of the cropped reference

grid.
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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 NV, 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 #
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, (frxo, tryo)-and lower right hand sample coordinates, (t7x1 — 1, try; — 1), where:

_ texg _ tcyy B texy _ teyr
trx() = ’72]%—_},—‘ ﬂyo - ’72]\[1‘——1’—‘ tl"X1 = ’72]%—_}’ ﬂyl = 2]\7L—_r

hr manner, thettile coordinates may be mapped into any particular sub-band, b, yielding upper left ha
s (tbxo, 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)
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______ Y JS
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| l
| b{
122 x 149 198 x 149 E 198 x 149 b‘ 22 % 149
i e8
i N
1
______ IS ! e
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(76, 446) 122 %31 ! (198, 446) 198 x 31 :(396, 446) f\\bg\({?’l :(594, 446) 122 % 31 (716, 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 — 7.

eld upper

(B-14)

hd sample

_ ny — 1 . ) _ ( ny — 1 . )
thxy = lrtcxo (2 xop, —‘ thy, = {tcyo 2 Yoy,

o1 21
[ = [ [ = [
t —(2”1’_1- ) t —(an_l' )
thy, = X n Xoy, thy, = 9% : yop
2" 27

(B-15)

where n, 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 (xos, yos) for sub-band b

Sub-band X0b )
npLL 0 0
npHL (horizontal high-pass) 1 0
nsLH (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 thy1 — thyy.

B.6 |Divisi0n of resolution levels into precincts

Consider p particular tile-component and resolution level whose bounding sample coordinates in the reduced fesolution
image domain are (#rxo, tryo) and (frx1 — 1, try1 — 1), as already described. Figure B.8 shows the ‘partitionipg of this
tile-comppnent resolution level into precincts. The precinct is anchored at location (0, 0), so that the'upper left hgnd corner
of any givien precinct in the partition is located at integer multiples of (277%, 2P7) where PPx and PPy are signalled 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

(0, 0) TZ—T

Figure B.8 — Precincts of one reduced resolution

(#rxy, tryy) ~__|
CEN KO0 K1 K2 K3
K4 K5 Ké K7
K8 K9 K10 Ki / (trx,— 1, try, -
T.800(19)_FB.8

~—

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

|| % trx, > trx, my || 1 try, >t
numprecinctswide =| | 2PPx o PPy ! 0 numprecinctshigh= | | o PPy PPy V=Y,
0 trx, =trx, 0  try =try,
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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, xch and ych, 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 pesolution
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 7> 0
yeb'= ( min(ych, PPy), fot.r =0 (B-18)

These eqyations reflect the fact that the code-block size is constrainied both by the precinct size and the code-block size,
whose parameters, xch 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-blocks are located at x = n2**', where m and n are integefs.

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
corresfjonds 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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Figure B.9 — Code-blocks and\precincts in sub-band b from four different tiles
B.8 [Layers

The compressed image data of each code-block is distributed across one or more layers in the codestream. Kach layer

consists o

a number of consecutiye bit-plane coding passes from each code-block in the tile, including all sul

-bands of

all compgnents for that tile. The tamber of coding passes in the layer may vary from code-block to code-block and may
be as littlg as zero for any or al¥ code-blocks. The number of layers for the tile is signalled in the COD marker segment

(see A.6.1).

For a givgn code-blok; the first coding pass, if any, in layer n is the coding pass immediately following the 1

pass for the code-block in layer n — 1, if any.

NOTE(1 — Each'layer successively and monotonically improves the image quality.

Layers ar¢ indexed from 0 to L — 1, where L is the number of layers in each tile-component.

hst coding

NOTE 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 leyel of one component

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

Resolutign level 0 m N
Precipct Po0 Pol Pm0 Pml Pm8 Pni0 Pnift
Layer 0 Packet 0 | PacketO | ... ... | Packet 0_| ‘Packet 0 Packet 0 Packet 0 | Packg¢t 0
Layer 1 Packet 1 | Packet1 | ... ... | Packet v Packet 1 Packet 1 Packet 1 | 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 compfessed image data representing a specific tile, layer, component, resolution level and precinct appgars in the

codestreafn in a contiguous segment called a packet. Packet data is aligned at 8-bit (one byte) boundaries.

As definefl in F.3.1, resolution level » = 0 contains the sub-band coefficients from the N;LL band, where N} is the 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; + 1 resolution levels for a tile-component

with N; dgcompesition levels.

The compressed image data in a packet is ordered such that the contribution from the LL, HL, LH and HH gub-bands,
appear in that order. This sub-band order is identical to the order defined in F 3 1. Within each sub-band, 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 atione 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 a
b
C C C C C
Packet dgta is introduced\by a packet header whose syntax is described in B.10 and is followed by a pafket body
containing the actual code-bytes contributed by each of the relevant code-blocks. The order defined above is followed 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, ifraccordamce-withrtie pad\ct hreaderdeseribedmmB-16-

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:

Rec. ITU-T T.800 (V4) (07/2024)

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 OxFF, 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 OxFF 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. Th¢ notation,
qi(m, n), i the value at the node that is mth from the left and nth from the top, at the ith level.\Level 0 is the lowest level
of the tag|tree; it contains the top node.

1 3 2

3 2 3
450, 0) | 45(1.0) | g5(2.0) | |
2
7,(0, 0) 7,(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
1
9,(0, 0) 40(0, 0)
q) 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 0 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 ¢3(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 g3(1, 0) are known, the code bits for g3(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 inclusion information (defined in B.10.4) for the previous layer with the empty bit set has to be
includad: = T TOTT T T = T T T T oded using
a tag tfee whose entries are initialized with the layer number of the first layer to which the code-block contributes)Thus the tag
tree wifl have redundant information identifying whether or not the code-block contributes to both the current layer‘arjd the layer
in whig¢h the packet was marked as empty.

B.10.4 [Code-block inclusion

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

For code-blocks that have been included in a previous packet, a single bit is used t0 represent the informatipn, where
a 1 meang that the code-block is included in this layer and a 0 means that it is not.

For code-plocks that have not been previously included in any packet, thistinformation is signalled with a separate tag
tree code [for each precinct as confined to a sub-band. The values in this tag’tree are the number of the layer in[which the
current cqde-block is first included. Although the exact sequence of bits that represent the inclusion tag tree appears in
the bit strgam, only the bits needed for determining whether the code-block is included are placed in the packet|header. If
some of the tag tree is already known from previous code-blocks.or previous layers, it is not repeated. Likewige, only as
much of the tag tree as is needed to determine inclusion in the Current layer is included. If a code-block is nof included
until a later layer, then only a partial tag tree is included at.that point in the bit stream.

B.10.5 [Zero bit-plane information

If a code-plock is included for the first time, the packet header contains information identifying the actual numper of bit-
planes used to represent coefficients from*the code-block. The maximum number of bit-planes available for the
representgtion of coefficients in any sub-band, b, is given by M, as defined in Equation (E-2). In general hoywever, the
number of actual bit-planes for which ceding passes are generated is M, — P, where the number of missing most §ignificant
bit-planes, P, may vary from code-bloek to code-block; these missing bit-planes are all taken to be zero. The yalue of P
is coded ip the packet header withya separate tag tree for every precinct, in the same manner as the code-blockf inclusion
informatign.

B.10.6 [Number of coding passes

The number of coding passes included in this packet from each code-block is identified in the packet header] using the
codewords shown‘in-Table B.4. This table provides for the possibility of signalling up to 164 coding passes.

Table B.4 — Codewords for the number of coding passes for each code-block

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 ©

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 OXxFF. Thus, in the event that an OXFF appears at the end of a code-
block's contribution to a packet, the OxFF 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 0xFFs are always synthesized as necessary by the arithmetic coder

describ

ed in Annex C.

In signalling the number of bytes contributed by the code-block, there are two cases: the code-block contribution contains

a single ¢
segments
and D.9.

B.10.7.1

A codewd
is represe

where Lb

The valug

bits that increase the value of Lblock, as needed. A signalling bit of zero/indicates the current value of Lblock is
e k ones followed by a zero, the value of Lblock is incremented by k. While Lblock can only increase, the number
ed to signal the length of the code-block contribution ¢an increase or decrease depending on the frumber of

If there ar|
of bits us
coding pa|
NOTE
Furthe
00111
10110

NOTE

B.10.7.2

Let Tbe tl
and D.9. ]
be the ind
The first ]
pass ny. T
through n
number o

NOTE

are the

passes

dCWUId SCEHICIIL, Ol th bUL‘lC"UIULk COII i‘ULlLiUIl bUIlLdi[lb uluhipic LUdCWUId SCEIICIILS. IVILII Lipic
prise when a termination occurs between coding passes which are included in the packet, as shownsin”1

Single codeword segment

hted by a binary number of length:

bits = Lblock + |_10g2 (coding passes added)J

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

sses included.
1 — For example, say that in successive layers a code-block has 6 bytes, 31 bytes, 44 bytes and 134 bytes rq

1 (0 delimits, logz 9 = 3 bits for the 9 coding passesy011111 =31), 11 0 101100 (110 adds two bits to Lblock,
=44) and 1 0 10000110 (10 adds one bit to Lblock, logz 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

ne set of indices of terminated coding passes included for the code-block in the packet as indicated in 1
f the index final coding pass-iicluded in the packet is not a member of 7, then it is added to 7. Let n
ices in 7. K lengths are'signalled consecutively with each length using the mechanism described in
ength is the number of bytes from the start of the code-block's contribution in this packet to the end
he number of added coding passes for the purposes of Equation (B-19) is the number of passes in the
. The second.length is the number of bytes from the end of coding pass, 71, to the end of coding pa:

— Considerthe selective arithmetic coding bypass (see D.6). Say that the passes included in a packet for a given
cleanup pass of bit-plane number 4 through the significance propagation pass of bit-plane number 6 (see Table ]
pre‘indexed as {0, 1, 2, 3, 4} and the lengths are given as {6, 31, 44, 134, 192} respectively. Then 7= {0, 2, 3, 4

lengthq are'Signalled. The set of lengths to be signalled is {6, 75, 134, 192} and the corresponding number of coding

odeword
ables D.8

rd segment is the number of bytes contributed to a packet by a code-block. The length*of a codeworfl segment

(B-19)

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

spectively.

assume that the number of coding passes is 1, 9, 2-and 5. The code for each would be 0 110 (0 delimits angl 110 = 6),

log22 =1,

ables D.8
<..<ng
B.10.7.1.
of coding
packet up
s, nz. The

Fadded codingpasses for the purposes of Equation (B-19) is n2 — n1. This procedure is repeated for all K lengths.

code-block
D.9). These

and K =4
[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 (logz1 = 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

code-block inclusion bits (if not previously included then tag tree, else one bit)
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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-13and Table B.5 Show a briel example Of packet ieader COnSIruction. Figure B. 13 shows the information known

to the pncoder. In particular the "inclusion information" shows the layer where each code-block first appears in, @pgacket. The
decoddr will receive this information via the inclusion tag tree in several packet headers. Table B.5 shows the r€sulting bit stream

(in parf) from this information.

IncJusion information Zero bit-planes # of coding passes (layer 0)  Lengthinformation (lpyer 0)
0 0 2 3 4 7 3 2 - 4 4 -
2 1 1 3 3 6 - - X - - -
Ihclusion tag tree Zero bit-planes tag tree # of coding 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 streal{l (in,order) Derived meaning
L Packetnon-zero-in-lensth
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)
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.)
Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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Table B.5 — Example packet header bit stream

Bit stream (in order) Derived meaning
0 Code-block 2, 0 not yet included (partial tag tree)
0 Code-block 0, 1 not yet included
0 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
] 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 + logz (3) bits used
0 Code-block 1, 0 not included in this layer
|0 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
o1 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 included
0 Code-block 2, 1 length indicator is unchanged
10 Code-block 2, 1 has 2 bytes, 3 + log Iobits 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 sequeiice of packets. The rules governing the order that the packets of a file appear
within thg codestream is specified in B+12. It is possible for a tile to contain no packets, in the event that no sanjples from
any imag¢ component map to the tegion 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 wholle packets
(in order){may be dropped and the final packet appearing in the tile may be partially truncated. The tile length marker
segment farameters shallreflect this.
The sequ¢nce of packets representing any particular tile may be divided into contiguous segments known as|tile-parts.
Any number of packets (including zero) may be contained in a tile-part. Each tile must contain at least one tile-part. The
divisions peteen tile-parts must occur at packet boundaries. While tiles are coherent geometric areas, the tile{parts may
be distribuited thrmlghmlf the codestream in anv desired fashion prnvidpd ﬁ]P—pﬂT‘TQ 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.

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
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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
resolution level and a specific precinct. The order in which these packets are found in the codestream is called the
progression order. The ordering of the packets can progress along four axes: layer, component, resolution level and
precinct.

It is posgible that components have a different number of resolution levels. In this case, the resolution (level that
corresponlds to the N;LL sub-band is the first resolution level (» = 0) for all components. The indices are synchronized
from that jpoint on.

NOTE}- For example, take the case of resolution level-position-component-layer progression and two components with T resolution
levels (6 decomposition levels) and 3 resolution levels (2 decomposition levels) respectively. The = 0 wilkcorrespond to the N 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 are used-(see A.6.1). The progressionforder can
also be oyerridden with the POC marker segment (see A.6.6) in any tile-part headet. For each of the possible pfogression
orders theg 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 follow{ing order:
for each/=0,..., L —1
for each r=0,..., Nyax
for eachi=0,..., Csiz— 1
for each k = 0,..., numprecincts — 1
packet for component 7, resolution level 7, layer / and precinct £.

Here, L is|the number of layers and N8 the maximum number of decomposition levels, Nz, used in any component of
the tile. A|progression of this type might be useful when low sample accuracy is most desirable, but informatior] is needed
for all cothponents.

B.12.1.2 [Resolution level-layer-component-position progression
Resolutioh level-layer-Camponent-position progression is defined as the interleaving of the packets in the followjing order:
for each.x=)0,..., Nyax

for each/=0,..., L -1

foreachi=0 Csiz—1
+oF-eadch+ oS He——t

for each k = 0,..., numprecincts — 1
packet for component i, resolution level 7, layer / and precinct £.

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 = txy,..., tx; — 1,

for eachi=0,..., Csiz— 1

if (v divisible by YRsiz (i)- 27" (s D)+ VLI =7 OR (3 = 1y0) AND (tryo - 2V:0)= NOT
divisible by 2721+ Vi) =r )

i (e divisible by XRsizy - PP+ N D) -ry Ap (e = pey AND (gre - 2Y:0) -7 NOT
A\ \J 7 AN vy \ v
divisible by 2P )+ No(i)=r
for the next precinct, &, if one exists,
foreach/=0,...,L —1
packet for component i, resolution level 7, layer / and precinct £.

In the abdve, & can be obtained from:

X P & \ N
{ WRsiz{i)- 2 W trx o {YRsiz P2 W "
k= 21£Px)(r, i) B in’lﬁ ((:,i)J + numprecmctswzde(r, l)‘ 21(9132 (1) B Lzmr’yy((r), z‘)J (B-20)

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 locat{on.

NOTE|—- The iteration of variables x and y in the abgvesformulation is given for the simplicity only of exprfssion, not
implementation. Most of the (x, y) pairs generated by this 16op will generally result in the inclusion of no packets. More efficient
iteratioms can be found based upon the minimum of the dimensions of the various precincts, mapped into the referenc¢ grid. This
note alfo applies to the loops given for the following'two progressions.

B.12.1.4 [Position-component-resolution level-layer progression
Position-dJomponent-resolution level-lay¢r progression is defined as the interleaving of the packets in the follow{ing order:
for each y = tyo,..., ty1 —,
for each x = t&xd,..} 'tx1 — 1,
for each,i=0,..., Csiz — 1
for each r = 0,..., N where N, is the number of decomposition levels for component i

if (v divisible by YRsiz(i) - 272D+ VL) =75 R (3= 0) AND (90 - 2V20]=7 NoOT
divisible by 2PP/(r i)+ Nu(i)=r ),

if ((x divisible by XRsiz(i) - 2PPX0 )+ NL =7y OR ((x = 1x0) AND (10 - 220~ NoT
divisible by 277X i)+ NL(i)=7 )
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 7, layer / and precinct £.

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 = ty,..., ty1 — 1,

for each x = xo,..., tx1 — 1,

for each 7 =0,..., N, where N, is the number of decomposition levels for component i,

if (v divisible by YRsiz() - 2770+ N0 OR (= ) AND (tyy - 2V20
divisible by 2PPV (s 1)+ No(i)=ry,

)_FNOT

if (Cx divisible by XRsiz() - 2P0 D+ Ne() =y OR ((r= ) AND (g - 2720 =7 NoT

In the ab
accuracy

B.12.2

The progy
progressi

If this pr
described
LEpoc, e
order volj
ever reped
level and

Thus, the

divisible by 277X )+ N (i) =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 7, layer / and precinct k.

ve, k can be obtained from Equation (B-20). A progression of this type might'be useful in provi
for a particular spatial location in a particular image component.

Progression order volumes

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 p
ime are found in order in the codestream before thevnext progression order change takes effect. Ng
ted in the codestream. Therefore, the layer alwaysstarts 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

ding high

.6.1). The

for loops"
|[Epoc and
ogression
packet is
resolution

B-21).

RSpod <r< REpod (B-21)
0 < /< LEpod
NOTE|- Figure B.14 shows(an ‘example of two progression volumes for a single component image. First packets jare sent in
resolutjon level-layer-component-position progression until the box labelled "First" in the figure is complete; then packlts are sent
in layef-resolution levelseomponent-position progression for the layers of all resolution levels which were not previougly sent.
Resolution level
(0, 0) >
First 4
Second
e
b —"
5 v v
3
A >
-« »
4
T.800(18)_FB.14
Figure B.14 — Example of progression order volume in two dimensions
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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 m

ain 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
order voli
progressi
incomplef

The POC
included {
before thg
even thouy|

NOTE
of a tild

tile-pafft header and one in the third, as shown in Figure B.15b.

D I.:‘ QN _Oorac O 1le 0 ile .. NATKEC ‘:ll‘l NCTC A NCVE DEC nC ASC WNECTe a p
me is filled and the next one is not defined. On the other hand, the POC marker segments may désg
n order volumes than exist in the codestream. Also, the last progression order volume in each-ti
.

marker segments shall describe progression order volumes in order in any tile-parttheader befor
acket appears. However, the POC marker may be, but is not required to be, in the tiletpart header im
progression order volume is used. It is possible to describe many progression ordetvolumes in a tile-p
oh these progression order volumes do not appear until later tile-parts.

- For example, all of the progression order volumes can be described as one POC matker'segment in the first tile-
. Figure B.15a shows this scenario. Equally acceptable, in this case, is describing\twe’progression order volumey

rogression

ribe more
e may be

e the first
mediately
art header

part header
in the first

UJ
POC povi || pOV2 |, POV cont. .. POV3
Tile-part O 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 |, POV2 cont. oo | poC POV3
Tile-part 0 Tile-part 1 Tile-part 2
T7.800(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 | fnternational
Standard,|CX is a label for a context.

— D
CD
ENCODER |——>
CcX

T.800(15)_FC.1

Figure C.1 — Arithmetic encoder inputs and-outputs

C.1.1 Recursive interval subdivision (informative)

The recurpive probability interval subdivision of Elias coding is the basis for the binary arithmetic coding pro¢ess. With
each binafy decision the current probability interval is subdivided4nto’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 sympol which
occurred.

In the partitioning of the current interval into two sub-intetvals, 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 eith¢gr MPS or
LPS, rathgr than 0 or 1. Consequently, the size ofithe LPS interval and the sense of the MPS for each decision must be
known injorder to code that decision.

Since the[code string always points to thé.base of the current interval, the decoding process is a matter of defermining,
for each decision, which sub-interval s pointed 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 anyy interval
the encodpr added to the code stting. Therefore, the code string in the decoder is a pointer into the current intervjal relative
to the bas¢ of the current interval. Since the coding process involves addition of binary fractions rather than congatenation
of integer] code words, the more probable binary decisions can often be coded at a cost of much less than one 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 of]fractional
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)
Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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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 (C-4)

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

Condition 11 C)&bhdllgc Cdll Ullly OCCUI WhCll d ICIIUIIIIdliLdLiUII ib IICCdCL‘L

Whenevet a renormalization occurs, a probability estimation process is invoked which determines a aew grobability
estimate for the context currently being coded. No explicit symbol counts are needed for the estimation. The relative
probabilitjes of renormalization after coding an LPS or MPS provide an approximate symbol counting mechanjsm which
is used tol|directly estimate the probabilities.

C.2 [Description of the arithmetic encoder (informative)

The ENCODER (Figure C.2) initializes the encoder through the INITENC procedure{ X and D pairs are read gnd passed
on to ENCODE 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 fiecessary.
When all jof the CX and D pairs have been read, FLUSH sets the contents of‘the C-register to as many 1 bit as possible
and then ¢utputs 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:tGs informative in this Recommendation | Ifjternational
Standald. Other methods, such as that defined in D.4.2, are acceptable:

© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
81


https://iecnorm.com/api/?name=1d3c54a01d44ad897493071c4eee2510

ISO/IEC 15444-1:2024(en)

ENCODER

INITENC

Read CX, D

C.21

:

ENCODE

No

FLUSH

Done

T.800(19)_FC.2

Figuré.€.2 — Encoder for the MQ-coder

[Encoder code register conyeéntions (informative)

The flow fharts given in this annex assume the register structures for the encoder shown in Table C.1.

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

The "a" b tc aro thao fontinnal hate 100 tha A ragictor (tho ~rreant tntarual vyoliia) and tha "ot hate aro tha fi0 o)
¥ t5 2SHO DS 15 SFvar—vate e—X—DH5afre o

T ottt tHoTToT

O Tt e T O S TotOT (tH S OO T Ot THtor

oottt

tHHC——Trater

al bits in

the code register. The "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

annex.
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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 CODE]1 procedure is called
appropriately. Often embodiments will not have an ENCODE procedure, but will call the CODEO or CODE1 procedures

directly to code a 0-decision or a 1-decision. Figure C.3 shows this procedure.

ENCODE

No Yes

Vi

:>.

CODE1

CODE0

|

Done

Figure C.3 —- ENCODE proceduré

Cz23 [Encoding a 1 or a 0 (CODE1 and CODEO) (informative)

T.800(19). FC.3

When a gjven binary decision is coded, one of two possibilities occtirs)— the symbol is either the more probabjle symbol
or it is thg less probable symbol. CODE1 and CODEQ are illustrated in Figures C.4 and C.5. In these figures,|CX is the
context. Hor each context, the index of the probability estimate wiich is to be used in the coding operations andl the MPS

value are ptored. MPS(CX) is the sense (0 or 1) of the MPS for context CX.

CODE1

Yes

0

No ~Mps(Cx) = 17

|

GODELPS

!

CODEMPS

|

T.800(19)_FC.4

piviviey

)

Figure C.4 — CODEI1 procedure
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CODE0
l NO “Mps(Cx) = 02 > Yes l
CODELPS CODEMPS
¢ 1.800(19) FC5
Done

Figure C.5 — CODEO procedure

C24 [Encoding an MPS or LPS (CODEMPS and CODELPS) (informative)

The CODELPS (Figure C.6) procedure usually consists of a scaling of the interval to{Q¢(I(CX)), the probability estimate
of the LP$ determined from the index I stored for context CX. The upper intervalis\first calculated so it can be compared
to the lower interval to confirm that Qe has the smaller size. It is always followed-by a renormalization (RENQRME). In
the event fhat the interval sizes are inverted however, the conditional MPS/LPS exchange occurs, and the uppgr interval
is coded. |In either case, the probability estimate is updated. If the SWITCH flag for the index I(CX) is sef, then the
MPS(CX) is inverted. A new index I is saved at CX as determined froni¢he next LPS index (NLPS) column in Table C.2.
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CODELPS

A=A-Qe(I(CX))

.

NO_ 4 < Qe((CX))? 28
! l

A=Qe(l(CX)) C=C+Qe(l{(CX))

Yes

SWITCHI(CX))
=17

No

v

MPS(CX) = 1 - MPS(CX)

1(CX) = NLPS(L(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 0x3401 0011 0100 0000 0001 0.304 715 2 0
2 0x1801 0001 1000 0000 0001 0.140 650 3 0
3 0x0AC1 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
© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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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 0x1CO01 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+ 6166-1666-6606-6601 6421504 8 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 0106,0001 0.024 926 35 32 0
35 0x02A1 0000 0010 10100001 0.015 404 36 33 0
36 0x0221 0000 0010 6010 0001 0.012 474 37 34 0
37 0x0141 0000~0001 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 0x0026 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 0IT0 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?

v

C = C + Qe(I(CX)) No < Qer(Cx)y > Yes

A 4 A 4

C=C+ Qe(I(CX)) A= Qe(I(CX))

|

<

v

I(CX) = NMPS(I(CX))

l ¢

RENORME

o Y

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 index to the
table of values in NMPS, which gives the next index for an MPS renormalization. This index is saved in the context
storage at|CX. MPS(CX) does not\change.

The procgdure 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 [ndex 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?

No

l Yes

BYTEOUT

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 b
procedurds which are needed to limit carry. (propagation into the completed bytes of compressed image
conventions used make it impossible for alcarry to propagate through more than the byte most recently wri

compress¢d image data buffer.

it-stuffing
data. The
ten to the

Rec. ITU-T T.800 (V4) (07/2024)
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BYTEOUT

C < 0x80000007

No

B=B+1

No

Yes

C =C AND 0x7FFFFFF

A 4

y

BP=BP+1 BP=BP+ 1
B=C>>19 B=C>>20
C =C AND 0x7FFFF C =C AND 0xFFFFF
CT=8 v CT=7
Done
T.800(15)_FC.9

Figure.C.9 - BYTEOUT procedure for encoder

The procgdure in the block in thestower right section does bit stuffing after a OxFF byte; the similar procedure pn the left
is for the fase where bit stuffing’is not needed.

B is the byte pointed toby:the compressed image data buffer pointer BP. If B is not a 0xFF byte, the carry bit i$ checked.
If the caryy 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| After the
need for bit stuffing-has been determined, the appropriate path is chosen, BP is incremented and the new value of B is
removed fromhe¢'code register "b" bits.

C.2.8 [Initialization of the encoder INITENC) (informative)

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.

© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
89


https://iecnorm.com/api/?name=1d3c54a01d44ad897493071c4eee2510

ISO/IEC 15444-1:2024(en)

INITENC

A =0x8000
C=0
BP=BPST -1
CTr=12

I

B = OxFF?

lYes

CT=13

No

Done

T.800(19). 710

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 there 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 position 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 fgr MPS and I are shown in Table D.7.

C.2.9 Termination of coding (FLUSH) (informative)

The FLUBH procedure shown in Figure €11 is used to terminate the encoding operations and generate th¢ required
terminati)g 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 intergreted before decoding iSicomplete.

Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
90


https://iecnorm.com/api/?name=1d3c54a01d44ad897493071c4eee2510

ISO/IEC 15444-1:2024(en)

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[- This is the only normative option for termination in Rec. ITU-T T.88 | ISO/IEC 14492. However, further redu
bit strepm is allowed in this Recommendation | International Standard provided correct decoding is assured (see D.4.2

C3 Arithmetic decoding procedure

Figure C.|3 shows a simple block diagram of.a-binary adaptive arithmetic decoder. The compressed image da
a context [CX from the decoder's model unit-(not shown) are input to the arithmetic decoder. The decoder's ou

decision IP. The encoder and decoder niede] units need to supply exactly the same context CX for each given ¢
CD
DECODER —2—»
CX

XCS

C=C-0x8000

Done

T.800(19)_FC.12

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 buf]
it is discarded. Otherwise, buffer B is output to the bit'stream.

T.800(15)_FC.13

Figure C.13 — Arithmetic decoder inputs and outputs

er B is an

ttion of the

a CD and
tput 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

C.3.1 Decoder code register conventions

The flow fharts 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 XXKKX XKXX XXKKX XKXX
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 insertgd 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.

C.3.2 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 —Chigh < Qe(1(CX))? 1

|

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 MPS
conditionl exchange'procedure is shown in Figure C.16. As long as the MPS sub-interval size A calculated §
step in Figure C.16%s/not logically less than the LPS probability estimate Qe(I(CX)), an MPS did occur and th
can be sef fronT MPS(CX). Then the index I(CX) is updated from the next MPS index (NMPS) column in Ta

path the
s the first
e decision
ple C.2. If
inverting

however, [the LPS sub- 1nterva1 is larger the cond1t1ona1 exchange occurred and an LPS occurred. D is set by
MPS(CX he SV mi-h

orobabi a¥a h MPES

adex [(CX)

from the next LPS index (NLPS) column in Table C. 2 The probab1l1ty estlmatlon in the decoder needs to be identical to

the probability estimation in the encoder.
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MPS_EXCHANGE

For the L]
Figure C
determing

I No A < Qe(1(CX))? e ]
D = MPS(CX) ~
1(CX) = NMPS(I(CX)) D=1-MPS(CX)
Yes

SWITCH(I(CX)) = 17

MPS(CX) = 1 — MPS(CX)

Y

1(CX) =NLPS(I(CX)

Return D

T.800(19)_FC.16
Figure C.16 — Decoder MPS pathconditional exchange procedure
S path of the decoder, the conditional exehange procedure is given the LPS EXCHANGE procedurd

17. The same logical comparison between the MPS sub-interval A and the LPS sub-interval
s if a conditional exchange occurred™»On both paths the new sub-interval A is set to Qe(I(CX)). On th

the condifional exchange occurred so the decision and update are for the MPS case. On the right path, the LP

and updat

E are followed.

shown in

Pe(1(CX))
e left path
5 decision
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LPS_EXCHANGE

C33

The REN
number o
the BYTH

Both the |

l Yes A < Qe(I(CX))? >0 l
A= Qe(I(CX)) N
_ = Qe(I(CX))
1 D =MPS(CX) D=1-MPS(CX)
(CX) = NMPS(I(CX))
Yes

MPS(CX) = 1 — MPS(CX)

SWITCH(I(CX)) = 17

Y

1(CX) =NLPS(I(CX)

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 renoralization is illustrated in Figure C.18. A counter keeps tr
[ compressed bits in the Clow sectiofi ‘of the C-register. When CT is zero, a new byte is inserted int
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

hck of the
b Clow in

x8000.
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RENORMD

BYTEIN

A=A<<]
C=C=<<1
CT=CT-1

A AND 0x8000 = 0?

T.800(19)_FC.18

Figure C.18 — Decoderaénormalization procedure

C.34 Compressed image data input (BYTEIN)

The BYTEIN procedure called from RENORMD-+is illustrated in Figure C.19. This procedure reads in one byge of data,
compensdgting for any stuff bits following the*0xFF byte in the process. It also detects the marker codes which must occur
at the end|of a coding pass. The C-register-in-this procedure is the concatenation of the Chigh and Clow registdrs.

BP=BP+ 1
BI > 0x8F? E C=C+(B<<8)
CT=2R8

Y r

BP=BP+ 1 .
C=C+(B<<9) Cf%TgxsFFoo
cT=7

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 0xFF0O 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
BYTEIN
C=C<<7
CT=CT¥Y
A= 0x8000
Done
T.800(19)_FC.20
Figure C.20 — Initialization of the decoder
BP, the paginter to the epnipressed image data, is initialized to BPST (pointing to the first compressed byte). Th¢ 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 arel 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 I[(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 I(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 s1gn1ﬁcant b1t—plane For each b1t—plane ina code block a spec1al code- block scan pattern is used for

each of thxe
significan|
the arithm

D.1

Each bit-j
first colur
code-blog
column is|
4, the last]
of the cod

D.2

D.2.1
The deco

ce propagatron magn1tude reﬁnement and cleanup For each pass contexts are created wh1ch are'p
etic coder, CX, along with the bit stream, CD (see C.3).

Code-block scan pattern within code-blocks

lane of a code-block is scanned in a particular order. Starting at the top left, the, fitst four coefficig
hn are scanned, followed by the first four coefficients of the second column and $o'eh, until the right

k is reached. The scan then returns to the left of the code-block and the secofid, set of four coefficier
scanned. The process is continued to the bottom of the code-block. If the €ade-block height is not dj

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 |/36/] 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 7| 1115 [ 19 | 23 |28 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

iGeneral-case notations

bits whicl

llng procedures spec1ﬁed in th1s annex produce for each transform coefﬁc1ent (u,v) of sub band b the

sses called
ovided to

nts of the
bide of the
ts in each
visible by

set of coefficients scanned in each column will contain fewer than 4 members. Figure D.1 shows afp example

e decoded

it sp(u, V)

and a number Nb(u v) of decoded magnrtude MSBs ordered from most to least s1gn1ﬁcant 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 s5(u, v) has a

value of one for negative coefficients and of zero for positive coefficients. The number Ny(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 Ny(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

: i o) gad] I : o d 1. 1 :
treated as TAVIITZ O ZCTO STZNITICance state) ToT tie purposcoT ylcatuls acontext-vector-tor acToUMmyg thecurrentcpefficient.

D, Vo D,

H, X H,

D, \s D,

T.800(19) FD.2

Figure D.2 — Neighbours states used to form the context

contexts gccording to the rules specified below for context formatieh. Four different context formation rules arfe 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.

In general, a current coefficient can have 256 possible context veétors. These are clustered into a smaller ]umber of

NOTE[- Although (for the sake of concreteness) specific integers are used in the tables below for labelling contexts,| the tokens
used fqr context labels are implementation-dependent and their values are not mandated by this Recommendation | Iffternational
Standafd.

The first bit-plane within the current blo¢k 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. Whiich 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
magnitudg¢ refinement pass includes bits from already significant coefficients. The cleanup pass includes all the emaining
coefficients.

D.3.1 Significance propagation decoding pass

The eight|suprounding neighbour coefficients of a current coefficient (shown in Figure D.2 where X denotes the current
coefficienft)\are used to create a context vector that maps into one of the 9 contexts shown in Table D.1. If a cog¢fficient is
significant then it is given a I 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 DD D H; DV DD, Z(Hi +V;) DD
2 xP X X 2 X >3
1 >1 X >1 1 X >1 2
1 0 >1 0 1 >1 0 2
Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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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 X 1 0 X 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
¥ Note that the context labels are indexed only for identification convenience in this Recommendation | International Standard.
The §ctual 1dentiliers used 1s a matter ol implementation.
Y "x"indicates 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 deliyered to the
decoder (plong with the bit stream) and the decoded coefficient bit is returned. If the valuepof‘this bit is

arithmetic
then the

significanfce state is set to 1 and the immediate next bit to be decoded is the sign bit for the coefficient. Othgrwise, the
significanfce state remains 0. When the contexts of successive coefficients and coding passes are considered| the most
current significance state for this coefficient is used.

D.3.2 Sign bit decoding

The contejxt label for sign bit decoding is determined using another context vector from the neighbourhood. Computation
of the corjtext label can be viewed as a two-step process. The first step summarizes the contribution of the v¢rtical and
the horizqntal neighbours. The second step reduces those contributions/to one of 5 context labels.

For the figst step, the two vertical neighbours (see Figure D.2) are<onsidered together. Each neighbour may h

ve one of

three statgs: significant positive, significant negative, or insignificant. If the two vertical neighbours are both gignificant

with the same sign, or if only one is significant, then the vertical contribution is 1 if the sign is positive or —1

f the sign

is negativie. If both vertical neighbours are insignificant, ¢t;both are significant with different signs, then the vertical
contributipn is 0. The horizontal contribution is created the same way. Once again, if the neighbours fall outside the
code-block 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

V0 (or HO) V1 (or H1) V (or H) contribution
significant, positive significant, positive 1
significant;neégative 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 is 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

cf,lr?::izlf:tti:ln co:llterl;:)llc:tlil on Context label XORDit
1 1 13 0
1 0 12 0
1 -1 11 0
0 10 0
0 0 9 0
0 -1 10 1
-1 1 11 1
-1 0 12 1
-1 —T T3 T

Magnitude refinement pass

gnificant in the immediately preceding significance propagation pass).

pass. Furthermore, it is dependent on whether this is the first refinement bit (the bit immediately after the si

and sign H

The contd
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

z H; + Z\’i + Z D; First refinement for this coefficient Context label

x4 false 16
>1 true 15
0 true 14

8  "x"indicates a "don't care" state.

xt is passed to the arithmetic coder along with the bit stream. The bit returned is the value of t
t in the current bit-plane.

Cleanup pass

The remadining coefficients were previously insignificant and not handled by the significance propagation

cleanup p
a run-leng

hss not only uses the neighbour context, like that of the significance propagation pass, from Table D.
th context.

itude refinement pass includes the bits from coefficients that are already significant (exceptithose thaf have just

xt used is determined by the summation of the significance state of the horizental, vertical and diagonal
s. These are the states as currently known to the decoder, not the states used before the significancg decoding

bnificance

he current

pass. The
I, but also

During thjs pass the neighbour contexts for the coefficients in this pass are recreated using Table D.1. The context label

can now N
considere
contiguoy
(including
context is

1 to be significant in the cleanup pass. Run-lengths are decoded with a unique single context. ]
s coefficients in the column being scanned are all decoded in the cleanup pass and the context label

ave any value because the coefficients that were found to be significant in the significance propagatign pass are

f the four
for all is 0

context coefficients from previous magnitude, significance and cleanup passes), then the unique fun-length
given to the arithmetic decoder along with the bit stream. If the symbol 0 is returned, then all four gontiguous

coefficien

TS 1M The column remain msigniticant and are set 10 Zero.

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 cleanup pass.
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Table D.S — Run-length decoder for cleanup passes

Four contiguous
coefﬁclents. mna Symbols with . . Symbols decoded Number of
column remaining to Four contiguous bits to be . ) .
run-length with UNIFORM coefficients to
be decoded and each decoded are zero
context context decode
currently has the 0
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
¥ 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 anjy coefficient is changed immediately after decoding the first 1 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 on¢4-coefficient column if the scan.
This example assumes all neighbours not included in the table are identically zero, @nd indicates in which pags each bit
is decodeql. 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. After the first
pass, the dlecoded 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 cléanup pass causes the third coeffidient to be
decoded ih 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+
Reéfinrement 1 1
Cleanup
Significance 1+
Refinement 0 1 1
Cleanup
© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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D4 Initializing and terminating

When the

contexts are initialized, or re-initialized, they are set to the values in Table D.7.

Table D.7 — Initial states for all contexts

Context Initial index from Table C.3 MPS
UNIFORM 46 0
Run-length 0
All zero neighbours (context label 0 in Table D.1) 0
All other contexts 0
In normal ; ; Ag b : pinated-eitheratthe 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 termination pattefn is used
(see A.6.1 and A.6.2).
Table D.8 — Arithmetic coder termination patterns
Coding Operation Coding Operation Termination
# Pass o
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 AC AC, terminate
final magnitude refinement AC AC, terminate
final cleanup AC, terminate AC, terminate
When multiple terminations of the arithmetic codercre present, the length of each terminated segment is signafled 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 ate 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 [the arithmeti¢ coder with OXFF bytes, as necessary, until all symbols have been decoded.

It is suffiq
consecuti

ient tovappend no more than two OXxFF bytes. This will cause the arithmetic coder to have at least g
e OXEF bytes at its input which is interpreted as an end-of-stream marker (see C.3.4). The bit strean

ne pair of
h 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 0xFF 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) Identify the number of bits in code register, C, which must be pushed out through the byte buffer. This is

given by k=(11-CT) + 1.
2) 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.

3) 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.

The relevant truncation fength in this casc 15 simply the total Tumber 01 bytes pushed out omnto the codestreain.
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 byte to the
special value, OxFF, which shall not be sent. It can be shown that this happens approximately 1/8 of thé time.
D.4.3 Length computation (informative)
To includp coding pass compressed image data into packets, the number of bytes to be ineluded must be deteymined. If
the coding pass compressed image data is terminated, the algorithm in the previous clause may be used. Othdrwise, the
encoder should calculate a suitable length such that corresponding bytes are sufficientfor the decoder to recompstruct the
coding pakses.
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.6.1 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 correctness 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 cleanpip pass). If the segmentation symbol is not decode€d 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 rfefinement
coding passes starting in the fifth significant bit-plane of the code-block. The COD or COC marker signals whether or
not this c¢ding style is used (see A.6.1.and A.6.2).
The first ¢leanup pass (which is:the first bit-plane of a code-block with a non-zero element) and the next thtee sets of
significance propagation, magnitude refinement and cleanup coding passes are decoded with the arithmetic doder. The
fourth clepnup pass shall ineclude an arithmetic coder termination (see Table D.9).
Table D.9 — Selective arithmetic coding bypass
Bit-plane number Pass type Coding operations

1 nlpannp 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
returned
bit stuffin
each mag]

When the]
refinemen
1s. This s

When thé
propagati

The clean|
terminate

The sign |

where ray

The lengt
header as
terminate

NOTE
efficief

If a OXFF
in the selg

At the en
is assemb
significan|
boundary

NOTE

truncatjon of the-bit stream may be possible. When the predictable termination flag is set (see COD and COC in A.6.1

such tr
FF wh

1th the Tourth significance propagation and magnitude refiement coding passes, the bits that would
om the arithmetic coder are instead returned directly from the bit stream. (A routine that undoesythe
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 alteraating sequencq
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.6,4 ‘and A.6.2), then the si
n passes are terminated in the same way as the magnitude refinement passes’

up coding passes continue to receive compressed image data directlyfrom the arithmetic coder and s
i

bit is computed with Equation (D-2):
signbit = raw. value

' value =1 is a negative sign bit and raw_value =0 is 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 eachicoding pass is selected (see A.6.1 and A.6.2), then evd
1 (including both raw passes).

1 — Using the selective bypass mode when encoding an image with an ROI may significantly decrease the c
iCy.

value is encountered in the bit 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

t bit of the nextibyte. Once all bits of the coding pass have been assembled, the last byte is packed t
and emitted/JThe last byte shall not be an OxFF value.

2 — Sincé, the decoder appends OxFF values, as necessary, to the bit stream representing the coding pass

ncation 1s not permitted. The last byte cannot be an OxFF, since the bit-stuffing routine appends a new byte fo

ave been
effects of
ue.) After

nagnitude
of Os and

bnificance

re always

(D-2)

sequence.

he packet
ry pass is

mpression

[ bits used

plete byte

ed, it is emitted to the bit stream. If the value of the byte is an OxFF, a single zero bit is stuffed int¢ the most

o the byte

see D.4.1),
hnd A.6.2),
lowing the
Its.

ch.has the most significant bit value of 0 and unused bits filled with the alternating sequence of 0 and 1 value b

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 lab

elled 15 is decoded assuming D, = V; = 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
N Yes
significance < ° Do

propagation

L

Y
v Start of clelanup pass
Yes Yes
C4 »<_ DIl
Yes No l No
C5
Cl1 |
No <
Yes v
Y Cl C2 Yes
D3 Do 2
< No D3
P . v
Y SN v
Yes DI0 > CO | Cl
D4 [>—» CO0 (No
No
Y Yes 0
Start c|>f magnitude co —
refinement pass b
< No
Y N
Yes v
DI2 No End of coding pass¢s for
a code-block bit-plgne
Yes Yes
Co
C3
¥
D7 D co [
No
T.800(19)_FD.3

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 coefficient 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 coefficient significant or has the bit already been coded during the Significance SeelD.3.4
Propagation coding pass?
D10 Are there more coefficients remaining of the four column coefficients?
DI11 Are the four contiguous bits all zero? See|D.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 Desciption
Co - - Go to the next coefficient orcolumn
Cl 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 coefficiént
C4 0 Run-length context | Decode run-length of four zeros SeelD.3.4
1 label Decode run-length not of four zeros
(O8] 00 UNIFORM First coefficient is first with non-zero bit See D.3.4 and
01 Second coefficient is first with non-zero bit Table C.2
10 Third coefficient is first with non-zero bit
11 Fourth coefficient is first with non-zero bit
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Annex E

Quantization

(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 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
following

where s5(
number o

Each dec
Rqp(u, v),
NOTE

quantiZ

passes
E.1.1

E.1.1.1

For irreve
R}, of sub-

NOTE

In Equati

transform coefficient (1, v) of a given sub-band b, the transform coefficient value gs(u, p)\is ‘giv
equation:

o Np(u,v) M. i
qb(u,v) = (l—2sb(u,v))- Z MSBl-(b,u,v)‘Z b
i=1

, V), Np(u, v) and MSBi(b, u, v) are given in D.2, and where M, is retrieved using Equation (E-2),
[ guard bits G and the exponent g are specified in the QCD or QCC-marker segments (see A.6.4 ang

Mb = G+€b—1

pded transform coefficient gs(u, v) of sub-band b isuséd to generate a reconstructed transform ¢
as will be described in E.1.1.

— Decoding only Ni(u, v) (see D.2.1) bit-planes is equivalent to decoding data which has been encoded usi

- Nb(u,v)

er with step size 2Mb - A p for all the'eoefficients of this code-block. Due to the nature of the tl

see D.3), Ni(u, v) may be different for different,coefficients within the same code-block.
[rreversible transformation

Determination of the quantization step size

rsible transformation, the quantization step size A, for a given sub-band b is calculated from the dyna
band b, the exponent g, ‘and mantissa ps, as given in Equation (E-3).

_~R, ¢, Mo
Ab—2 (14-211}

- The-denominator, 2'!, in Equation (E-3) is due to the allocation of 11 bits in the codestream for s, as given in ]

n.(E-3), the exponent ¢, and the mantissa L, are specified in the QCD or QCC marker segments

en by the

(E-1)

where the

| A.6.5).
(E-2)

oefficient

hg a scalar

ree coding

mic range

(E-3)

"able A.30.
see A.6.4

and A.6.5), and the nominal dynamic range R} (as given by Equation (E-4)) is 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 (gains) 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 logz(gainn)
levLL 1 0
levLH 2 1
levHL 2 1
levHH 4 2
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R,=R, + logz(gainb) (E-4)

The exponent/mantissa pairs (€s,115) 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,11») are derived from the single exponent/mantissa pair
(&0,M0) corresponding to the N;LL sub-band, according to Equation (E-5):

(gb’ub) = (So_NL+nb’Mo) (E-5)

where n, 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 Rp.

E.1.1.2 Reconstruction of the transform coefficient

For irreversible transformation, the reconstructed transform coefficient is given by Equation (E-6):

(%(u,v)+ r2Me _Nb(“’v)) - Ay for gp(u,v) >0
qu(u,v) = (%(u,v)—ﬂMb _Nb(u’v)) - Ay for %(u,v) <0 (E-6)

0 for g, (usv) =0

where r 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 [quality for
reconsfruction. Generally, values for  fall in the range of 0 < » <1, and a common 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»1S 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]ll the coefficient bits are decoded, i:¢.,)whether Ny(u, v) = M}, or Ny(u, v) < Mj.

If Niy(u, v]| = Mp, then the reconstructed transform coefficient Rgs(u, v) is given by Equation (E-7).

Rqy(,v) = q(u,v) (E-7)

If Np(u, v] < Mp, then the reconstructed transform coefficient Rgx(u, v) is given by Equation (E-8).

L(a(u,v)+ 2 M _N”(“’V))-AbJ for %(u,v)>0
Rqp(u,v) = ’-(E(u,v) — oMb~ Nb(”’v))- Ab-‘ for E(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).

. ap(u,v)
il sl - 20 (&)
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:

g, =R; +1logy (gainb)+Cc (E-10)

where R;and gainy 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, VX arising, for example during floating point calculations, the number M of

bits for themtegerrepresentationof AU Prusedattheencoderstdetsdefmed-by EquatromF=2—TFhemumber¢; of guard
<3 P PN ) y Y ( )

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-gualrd 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

Tile-component parameters

the tile-component defined by the coordinates, tcxo, tcxi, tcyo and fcy: given in Equation (B-12);1n'B.3. Then
nates (x, y) of the tile-component (with sample values /(x, y) lie in the range defined by:

texg £ x < texp and feyg <y < foy (F-1)

[Discrete wavelet transformations

Low-pass and high-pass filtering (informative)

To perform the forward discrete wavelet transformation (FDWT), this Recommniendation | International Standprd uses a

one-dime
a downsa,

residual version of the original array, needed to perfectly reconstruct thé otiginal array from the low-pass array.

hsional sub-band decomposition of a one-dimensional array of sampl€s into low-pass coefficients, representing
pled low-resolution version of the original array, and high-pass coefficients, representing a downsampled

To perforn the inverse discrete wavelet transformation (IDWT),«his’Recommendation | International Standard uses a
one-dimefsional sub-band reconstruction of a one-dimensienal® array of samples from low-pass and [high-pass
coefficients.

F.2.2 Decomposition levels

Each tile-

Component is transformed into a set of two-dimensional sub-band signals (called sub-bands), each representing

the activity of the signal in various frequency\'bands, at various spatial resolutions. N; denotes the number of

decompodition levels.

F.2.3

Discrete wavelet filters (informative)

This Redommendation | International Standard specifies one reversible transformation and one ifreversible

transform
specificat

F.3

F.3.1

The inver|
componef

ption. Given that tile-component samples are integer-valued, a reversible transformation requires the
on of a rounding procedure for intermediate non-integer-valued transform coefficients.

[Inverse discrete wavelet transformation

[The IDWFprocedure

be discrete wavelet transformation (IDWT) transforms a set of sub-bands, ax(us, v») into a DC-level shifted tile-
it N, y) IDWT procedure). The IDWT procedure also takes as input a parameter N;, which represents the

number of decomposition levels (see Figure F.1). The number of decomposition levels NV, is signalled in the COD or COC
markers (see A.6.1 and A.6.2).

ah(uh’ vb) [
IDWT e y)
N L
—>
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 (lev — 1)LL which has been low-pass filtered
vertically and low-pass filtered horizontally. The sub-band b = 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 (lev — 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, — DHHL, (N, — 1)LH, (N, — )HH,..., IHL, 1LH, 1HH.

For a giv¢n sub-band b, the number #n, represents the decomposition level at which it has been generated at the time of
encoding,|and is given in Table F.1:

Table F.1 — Decomposition level ns for sub-band b

b V. LL N HL N LH N HH (No—1)HL (N.—1)HL (N.—1)HL 1HL 1LH 1HH
ny Np Np Np N NL—1 Np—1 Np—1 1 1 1

The sub-Hands for the case where N =2 are illustrated in Figure F.2.

aypp (Uorps Varr)
\ agyy (Uapgs Vapr)

Dy o Vo)

: /
VT

gy by Vo)

Ay (s Vi)

IDWT _

Ix, y)

@y (U g Vizp) AU g Vi)

T.800419)_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
procedurg (see F.3.2)is performed at every level lev, 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, the sub-band
aorr (uorr)| vorz) is the output array I(x, y).

As defined in"Equation (B-15), the indices (us, vs) of sub-band coefficients @u(us, vi) for a given sub-band A lie in the
range defined by:

thxy < uy < thxy and thyy < v < thy, (F-2)
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Figure F.3 describes the IDWT procedure.

IDWT
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:
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F.3.2 The 2D_SR procedure

The 2D_$R procedure performs a reconstruction of sub=band agev—1)cr (u, v) from the four sub-bands, a
Aleviir(U, V), @ievin(u, v) and ajevun(u, v) (see Figure E4). The total number of coefficients of the reconstruc
sub-band [is equal to the sum of the total number. &fi coefficients of the four sub-bands input to the 2D SR

(see Figufe F.5).

Figure F.3 — The IDWTprocedure
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Figure F.4 — Inputs and outputs of the 2D_SR procedure

(U, V),
ted levLL
procedure

QjeviL.

UevHL
2D SR

Aevri

Aoyl

Qe 1)LL

T.800(19)_FF.5

Figure F.5 — One level of reconstruction from four sub-bands (2D_SR procedure) into sub-bands

First, the four sub-bands aevri(u, v), aievrr(u, v), arevin(u, v) and aevun(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(iev— 1rz(u, v). Figure F.6 describes the 2D _SR procedure.
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2D SR

a =2D_INTERLEAVE(ay,,;;. @pepirr @perpsr Qevrare Yo 1> Vos Vi)

!

a =HOR_SR(a, uy, u,, vy, v,)

I

Aow_ 1yL= VER_SR(a, u, u,, vy, v;)

Done

T800(19)_FF.6

Figure F.6 — The 2D_SR procedure

F.3.3 The 2D_INTERLEAVE procedure

As illustrated in Figure F.7, the 2D _INTERLEAVE procedure intéeleaves the coefficients of four sub-bands airr, devri,
QleviH, Alevlir to form a(u, v). The values of uo, u1, 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 fhese sub-bands are interleaved to form the dutput a(u, v) is described by the 2D INTERLEAVE procedure
given in Higure F.8.

Diovrr >

Qlevril, )

— %etB” | 2D INTERLEAVE 9
BeprH

Ugsty, Vo, V)

T.800(15)_FF.7

Figure F.7 — Parameters of 2D _INTERLEAVE procedure
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2D _INTERLEAVE

v

b =levLL
u, = Funfﬂ
v, = FV0/2—|

»

>
A

A

a2uy, 2v,) = ay(uy, v,)

v

b = levHL
u, = Lunfﬂ
v, = Fv0/2-|

A

au,t 1, 2v) = a,(u,,v,)

No

vy =wtl

Yes

A

+ +
w, =u,+ 1 w, =u,+ 1
No
Uy u, =l uy2] Yes
4 v, =yt 4 V= vt
No Yes No
Yes
v ¥
b =levLH b = levHH
uy =l uy2] u, = Luy/2]
v, = LVO/ZJ v, = |_vn/2J
"' A
auy, 2vy+ 1) = aylat, v,) a2u,t 1, 2v,+ 1) = ay(uy, vy)
Hh = uh+ 1 ub = uh+ 1
u, =luy2] \ﬁs u, = Luy2]

vy =wtl

-

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 < (see Figure F.9) and produces as output a horizontally filtered version of the input array, row by
row.

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 aw, v)

Uy, Uyy 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= VO
10 MO

Y =a(u v)

:

X(u) = 1D_SR(¥(w), iy, i})

I

a(u, v) = X(u)

:

v=v+1

No

Done
T:800(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 coefficients. It takes
as input al two~dimensional array a(u, v), the horizontal and vertical extent of its coefficients as indicated by po < u <u,
and vo < W<v{ (see Figure F.11) and produces as output a vertically filtered version of the input array, column by 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)

Uy, Uy, Vs V)

VER SR |V,

T.800(15)_FF.11

Figure F.11 — Inputs and outputs of the VER_SR procedure

VER SR

U= g
iy=w,

L =v

Y(v) = a(u, v)

:

X(v) = 1D_SR(¥Y(v),-ig5i))

:

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 iy < i <i. It produces as output an array X, with the same indices (io, i).

¥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 = i1 — 1), the 1D_SR procedure sets the value of X(ip) to Y(io) if io is an even.ititeger, 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., io < 71— 1), as illustrated in Figure F.14, the 1D\ SR procgdure first
uses the 1[D_EXTR procedure to extend the signal ¥ beyond its left and right boundaries resultingyin the extenfled signal
Yer, and then uses the 1D_FILTR procedure to inverse filter the extended signal Yy 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 id 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 illustrgtediin Figure F.15, the 1D_EXTR procedure extends signal Y by i coefficients to the left and i, coefficients
to the right. The extension of the signal is needed to enable filtering at both boundaries of the signal.

Ii(ff ’J‘Jg.hf

< »
< »

E F G F E D C B(A|B|C|D|E|F|G|F E D C B A B C

< »
< L

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 ip) 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 i; — 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 71 — 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<i, as given in
Equation (F-3):

Yext(i): Y(PSEo(is los by )) (F'3)
where PSEo(i, io, i1) is given by Equation (F-4):

PSE,, (i, iy, i, )= i, + min(mod(i — iy, 2(, — iy — 1)), 20, — iy —1 )= mod(i — iy, 2(i, — i, —1))) (F-4)

Two extdnsion procedures are defined, depending on whether it is the 5-3 wavelet transformation((1D| EXTRs.3
procedurd) or 9-7 wavelet transformation (1D_EXTRo.; procedure). The procedures only differ in theyminimpim values
of the extension parameters (ijp, . and iy gp,,  for the 5-3 wavelet transformation, and 7,4, - and\i,gp, . for the 9-7

wavelet tlansformation) which are given in Tables F.2 and F.3, and depend on the parity of the.indices i 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

procedure

of Figure F.14.

Table F.2 — Extension to the left

io ileft5_3 i’eft9-7
even 1 3
odd 2 4
Table F.3 — Extension' to the right
i iright5_3 iright9_7
odd 1
even 2

F.3.8 The 1D_FILTR procedure

One revegsible filtering procedure 1D FILTRs.3r and one irreversible filtering procedure 1D FILTRo.71 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 codffficient io,
and the inflex of the coefficient /; immediately following the last coefficient (i1 — 1). They both produce as output, signal X.

ext

ID FILTR |—&
i(]’ i]

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 _FILTs3r 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)= 7, (2n)- Pf@”‘l)%@"“)”J for MS{EJ”

4

X(2n+1):Yw(zn+1)+LX(2n)+§((2n+2)J o LJW{;‘J

The values of X(k) are such that ip < k < j; 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 (o, 3,

v, 0) and the scaling parameter X for all filtering steps are defined in F.3.8.2.1.

Equation (F=7Fdescribesthetwo scatimg steps (Hamd=2)amd-thefour tiftimg steps (3 to6)of the D fittering
on the exfended signal Yex(n) to produce the i; — iy coefficients of signal X. These steps are performed in-the
order.

Firstly, stgp 1 is performed for all values of n such that B J -1<n< L 2J + 2, and step 2 is perfermed for al

nsuchthdt |0 |—2<n<|L{+2.
2 2

Then, step 3 is performed for all values of # such that Llo J -1<n< L%J + 2, and.uses values calculated in stef]
Then, step 4 is performed for all values of z such that Llo J -1<n< {%J + 1, and uses values calculated in stey

Then, step 5 is performed for all values of #n such that L’O J << {%J + 1, and uses values calculated in steps ]

Finally, sfep 6 is performed for all values of n such that {%J <n< {%J , and uses values calculated in steps 4
X(2n)=KY,,(2n) [STEPI]
X(2n+1)=(1/K)Y,,(2n +1) [STEP2]

X(2n)=x(2n)-8(X(2n-1)+ X(2n+1))  [STEP3]
X(2n+1)= X(2n+1)—y(X(2n)+ X(2n +2)) [STEPA4]
X(2n)=X(2n)-p(x(2n-1)+ X(2n+1))  [STEPS]
X(2n+1)=X(2n+1)-a(X(2n)+ X(2n+2)) [STEPS]

where the] valuessofithe lifting parameters (o, 3, y, 6) and K are defined in Table F.4.

erformed
following

values of

s 1 and 2.

s 2 and 3.

and 4.

hnd 5.

(F-7)

Table E-4—Definiti £ 1ift for-the9-7 iblefil
Parameter Exact expression Approximate value
o —g4/ g3 —1.586 134 342 059 924
B g3/ —0.052 980 118 572 961
Y r1/so 0.882 911 075 530 934
5 50/ to 0.443 506 852 043 971
K 1/t 1.230 174 104 914 001

The values of X(k) are such that ip < k < form the output of the 1D_FILTRg.7 procedure.
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F.3.8.2.1 Filtering parameters for the 1D_FILTRy.71 procedure

The filtering parameters (., 3, y, 0, K) are defined in Table F.4, in terms of parameters g, from Table F.5, and parameters

(ro, 1, So, to) from Table F.6. The parameters g, are defined in terms of parameters xi, Rx, 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 Cocfficients g Approximate value of g»
2
0 5x1(48|x2| ~16%x, + 3)/ 32 ~0.602 949 018 236 360
1 —5x, (8!)&!2 - ﬂ%xa) 8 0266 864 118 442 875
2
2 5x1(4IXz| +4 R, - 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
Table F.6 — Intermediate expressions (ro, 1, so, 0)
Parameter Exact expression Approximate value
70 —got+2giga/ g3 1.449 513 704 087 943
ri —@ gt gigsl g3 0.318 310 318 985 991
50 g1 —g3—gro/ 7 0.360 523 644 801 462
fo ro—2r1 0.812 893 066 115 961
Table F.7 — Intermediate expressions
Parameter Exaet expression Approximate value
A |63 14415 0.128 030 244 703 494
10804/15
B 63414415 ~0.303 747 672 895 197
1080415
X A+B-1/6 —0.342 384 094 858 369
(4+B) 1
Rx2 - 5 —g —0.078 807 952 570 815
2 v
|x2|2 (A+B)+l +M 0.146 034 820 982 800
2 6 4
F.4 Forward transformation (informative)

F4.1 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 as(us, v») (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, ) ——*
— > ay(u, v,)
N FDWT
L
—_—p
—

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 (U Varr)

a’fr’(uﬂlffv V')Yl!) — -

e N

a1 Vo) T ay U Y1)
—
i) @iy Vo) ———f— |
X, v
FDWT
EE—

Ayt e Vi) Ay iUy g Preans)

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 cutrent decomposition level) to zero, gnd setting
the sub-band aorz(uorz, vorz) to the input array /(u, v). The 2D_SD progedure is performed at every level lev, where the
level lev increases by one at each iteration, and until N, iterations are-performed. The 2D _SD procedure is itefated over
the /evLL|sub-band produced at each iteration.

As definefl in Annex B (see Equation (B-15)), the coordinates of 'the sub-band aje,r(u, v) lie in the range defingd by:

thxy <u < thxpand thyy <v <tby (F-8)

FDWT

lev=1

Figure F.19 describes the FDWT procedure.

ag (u, v)=I(u, v)

4

T~
B
-
=

iNo

(Werrr> Aevrrrs> Vv it Devrd) = 2D_SD('5’(:9\- i U Uys Vo Vi)

I

lev=lev+1

‘ T.800(15)_FF.19

Figure F.19 — The FDWT procedure
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F.4.2 The 2D_SD procedure (informative)

The 2D _SD procedure performs a decomposition of a two-dimensional array of coefficients or samples @ger - 1)r2(u, V)
into four groups of sub-band coefficients aevrr(u, v), aievrr(ut, v), aieva(u, v) and aievar(ue, 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.

al'm'LL »
>
a

lev—1)LL
Uev 1) DevL, >
Uy, Uys Vi, V) 2D_SD DL it )
et .
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.

Ajevir Aievpir,

2D SD
a —>

(lev—1)LL

AeyLi QinHy

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 tenall 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,, ;. U Uy, vy, V)

|

a =HOR_SD(a, u, uy, vy, v;)

|

(v 1> Apevtirs Yievirr i) = 2D_DEINTERLEAVE(q, wp, 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 ager—1)r.(u, v), the horizontal and vertical extent of its coefficients as indicated by
uo < u <u; and vo < 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 wuo, 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, Vg, 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 columny

u=u,
h= Y
Hh=vy
]

¥

X(v) = a(u, v)

!

Y(v) = 1D_SD(X(v), iy, i))

!

a(u, v)=Y(v)

l

u=u-t1l

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 <uy and vo < 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 a, v)

Uy, Uy, Vg, V)

T.800(15)_FF.25

—TFigure F-25=Tnputsamd-vutputs of the 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(u), iy, i,)

!

a(u, v) = Y(u)

|

v=v+1

}

No

vy,

Yes

Done

T.800(15)_FF.26

Figure F.26 — The HOR_SD procedure
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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.

Devtl, >

alu, v) VeviiL
E——
2D _DEINTERLEAVE a

Ug, Uy, Vo, Vy - levLH

— TP, >

Dlevtiii R

1800010 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,)

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, =[14/2] Yes w, =Luy2] Yes
1 vy = vt 4 v)=vt+1
No v, 2 rvl/z'l Yes
Yes
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Figure F.28 — The 2D _DEINTERLEAVE procedure
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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 < ii. It produces as output an array Y(i), with the same indices (io, i1).

—X.,

IDSD  —%X &
i(l’ i]

T.800(15)_FF.29

Figure F.29 — Parameters of the 1D_SD procedure

For signa
integer, aj

For signa]
first uses
signal X,
signal Y.

s of length one (i.e., io =i1— 1), the 1D_SD procedure sets the value of Y(io) to Y(io) = X(io) ifyie
hd 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

ID SD

X,,= 1D EXTD(X, i§d))

|

Y,, = 1D FILTD(X,, i, i)

Done

T.800(19)_FF.30

Figure F.30 — The 1D_SD procedure

F.4.7  [The 1D_EXTD procedure (informative)

The 1D _}

and i

XTD-procedure is identical to the ID_EXTR procedure, except for the values of the g, _, iyigp,

S an even

procedure

the 1D_EXTD procedure to extend the signal X beyond its left and right boundaries gesulting in thd extended
, and then uses the 1D _FILTD procedure to filter the extended signal X.., and pteduce the desir¢d filtered

7> Uefts

right| ;\parameters, which are given in Tables F.8 and F.9.
Table F.8 — Extension to the left
io ileftsa i"’f’9-7
even 2 4
odd 1 3
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Table F.9 — Extension to the right

n lright5_3 lright9_7
odd 2
even 1 3

The 1D_FILTD procedure (informative)

This Recommendation | International Standard specifies one irreversible procedure (1D _FILTDy.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..,, 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 Xy,
ed coefficients of the signal Y are a high-pass downsampled version of the extended signal Xy,

ext

ID FILTD ——»
i(l’ il

T.800(15)_FF.31

Figure F.31 — Parameters of the 1D_FILTD procedure

The 1D_FILTDs3r procedure (informative)

5ible transformation described in this clause is the reversibledifting-based implementation of filtering
wavelet filter. The reversible transformation is defiped’ using lifting-based filtering. The od|
ts of output signal Y are computed first for all.values of » such that IV%-‘—lSn<{%—‘ as

F-9):

Y2n+1)=X,,

(@n+ 1)_LXext(2n)+ ;fm(zn +2) J

pven-indexed coefficients of eutput signal Y are computed from the even-indexed values of extended

ld-indexed coefficients of signal Y for all values of # such that {%—I <n< {%—‘ as given in Equation

Y(on)= X (2n)+ Ly(zn ~1)+ §(2n +1)+ 2J

s of ¥(k) are such that iy < k< i; form the output of the 1D FILTDs3g procedure.

while the

by the 5-3
d-indexed

given in

(F-9)

signal Xey
F-10):

(F-10)

F.4.8.2

The 1D FILTDsn procedure (informative)
= wve)

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..(n) to produce the i; — iy coefficients of signal Y. These steps are performed in the following

order.

i

Firstly, step 1 is performed for all values of n such that {%-‘ -2<n< {E—‘ +1.

Then, step 2 is performed for all values of #n such that {%—l -1<n< {%—‘ + 1, and uses values calculated at step 1.
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Then, step 3 is performed for all values of #n such that Fg—‘ —-1<n< {%—I , and uses values calculated at steps 1 and 2.
Then, step 4 is performed for all values of # such that {%—‘ <n< {%—‘ , and uses values calculated at steps 2 and 3.

Finally, step 5 is performed for all values of n such that [%—‘ <n< [%—I and uses values calculated at step 3, and step 6

is performed for all values of n such that [%—‘ <n< [%—I and uses values calculated at step 4.
Y@n+1)=Xx_02n+1)+a(X, (2n)+ X (2n+2)) [STEPI]
Y(2n)=X,,(2n)+ B(r(2n 1)+ ¥(2n +1)) [STEP2]
Y2n+1)=Y2n+1)+y(Y(2n)+Y(2n+2))  [STEP3]

rava

Y(2n)=Y(2n)+8(Y(2n - 1)+ ¥(2n + 1)) [STEP4] 11
Y(2n+1)=KY(2n+1) [STEPS]
Y(2n)=(1/K)Y (2n) [STEP6)

where the| values of the lifting parameters o, B, v, 8, and K are defined in Table F.4.

The valugs of X(k) are such that ip < k < ij form the output of the 1D _FILTDg.7 pfocedure.
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Annex G

DC level shifting and multiple component transformations

(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 specifies DC level shifting that converts the signed values resulting from the decoding process to the proper
reconstructed samples.

This annex also describes two d1ffcrent multlplc component transformatlons These multiple component transformations

are used to 2 used to map
colour values for dlsplay purposes. One multiple component transformatlon is revers1ble and may be used fcr lossy or
lossless cpding. The other is irreversible and may only be used for lossy coding.
G.1 [DC level shifting of tile-components
Figure G.|l shows the flow of DC level shifting in the system with a multiple component transformation.
recpnstructed
sample Forward Forward Forward ' Inverse Inverse Inverse DC | saiple
——| DC level [—>»{ component —» wavelet | coding | wavelet P compdnént — level shift >
shift trans. trans. trans. trans. ’
T800(19)_FG.1
Figure G.1 — Placement of the DC level shifting with component transformation
Figure G.p shows the flow of DC level shifting in the system, without a multiple component transformation.
v 4 v 1 | recpnstructed
Yy le orwar orwart \ nverse sarthple
w’ DC level » wavelet [wtoding | wavelet » Inverse DC 2 >
. level shift
shift trans. trans.
T.800(19)_FG.2
Figure G.2 — Placement of‘the DC level shifting without component transformation
G.1.1  [DC level shifting of tile-components (informative)
DC level shifting is performed.ofrsamples of components that are unsigned only. It is performed prior to the computation
of a forwhrd multiple compenent transformation (RCT or ICT), if one is used. Otherwise, it is performed pfior to the
wavelet tlansformation 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 ithicomponent are level shifted by subtracting the same quantity from each sample as follows:
I(x,y) < I(x,y)—2%" (G-1)
G.1.2 Inverse DC level shifting of tile-components

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 I(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) R

(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 Io(x, ), I1(x, ), I2(x, y) as follows:

H- {2 ey
%(X,y)Z{ 0\ ’y} 1\4’y} 2\ ’y}J (G-3)
Y6, »)=1(xy)- 1,(x,y) (G-4)
Y,(x,»)=1,(xy) - I,(x,7) (G-5)

If 1o, 11, and 1> 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 nefessary to
ensure reyersibility.

G.2.2 Inverse RCT

After the jnverse wavelet transformation is preformed as described.in Annex F, the following Inverse RCT is qpplied:

I](x,y)%(x,y)—w(x’y)zYl(x’y)J (G-6)
L(x99=Y,(x,)+ I, (x,») (G-7)
Lx,y)=Y(x,»)+ L(x,y) (G-8)

After applying the Inverse RCT, the unsigned image components are inverse DC level shifted.

G.3 [[rreversible multiple component transformation (ICT)

This clause specifies an\itreversible multiple component transformation. The use of the irreversible cpmponent
transformption is sigrialled 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 0}, 1 and 2).
The three|components input into the ICT shall have the same separation on the reference grid and the same bit{depth.

G.3.1 [Forward ICT (informative)

The Forward ICT is applied to image component samples Io(x, y), [i(x, y), L(x, y), as follows:

Y, (x,¥)=0.299 I,(x,y)+0.587 I,(x, )+ 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,y)=0.5 I,(x,y)-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:

Iy(x,3) = Yy(x, ) +1.402 ¥, (x, ) (G-12)
L(x,5)=Y(x,¥) - 034413 ¥(x,y)-0.71414 Y,(x,y) (G-13)
L(x,y)=Y,(x,y)+1.772 ¥(x,y) (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.51),and|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 |Dec0ding of ROI

The procgdure specified in this clause is applied only in the case of the presence of an RGN marken.segment (jindicating
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 markeer 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

D) If Np(u, v) <M} (see definition of Np(u, v) in D.2.1 and of Mp-in.Equation (E-2)), then no mqdification
takes place.

3)  If No(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) = M.

1) If Np(u, v) > M}, and if all first M, MSBs are equal tolzero, then the following modifications are mmade:
a) discard the first s MSBs and shift the remaining MSBs s places, as described in Equation |(H-1), for

i=1,.., M:
MSB;, \b,u,v) ifi+s< Nylu,
MSBl'(b,u,V): l+S( u V) 1 l. S b(u V) (H_l)
0 1fz+s>Nb(u,v)
b) update the value of Ng(u; v) as given in Equation (H-2):
Ny (u,v)=max (O,Nb(u,v)—s) (H-2)

H.2 [Description of the Maxshift method

H.2.1 [Encoding of ROI (informative)

The encogling of the“quantized transform coefficients is done in a similar way to encoding without any RO[s. At the
encoder sfide an ROI mask is created describing which quantized transform coefficients must be encoded with better
quality (eyendup to losslessly) in order to encode the ROI with better quality (up to lossless). The ROI mask is{a bit map

d 'b' h) N - Q 112 _C S | 1 41 1 - R |
€SCr1DINZTNTST COCTITCICIITS ST 11,0 10T TGetalts O NOW tHITC IIasK 1S5 gerreratea:

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,VX . The number M’; of magnitude bit-planes will then be:
M’bZMb-i-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:

lap (1, v) =qp (u,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, Vl is a background coefficient given by M(x, y), then:

)=

(H-5)

5) Write the scaling value s into the codestream using the SPrgn parameter of the RGN marker segment.

f h + +] — 1 £ oo 4+ + 1.1 1
A ter thes SIWCPS UIT UAIIUIZTU T AIISTOTIIT COTITIUVITVIIN dIT TIITUPy CUOUCU ds UsSudI.

H.2.2

Selection of scaling value, s, at encoder side (informative)

The scaling value, s, may be chosen so that Equation (H-6) holds, where max(M5) is the largest number.of mag}

planes, se

This guar

e Equation (E-1), for any background coefficient, gzs(x, y) in any code-block in the curtent compone

s max(Mb)

hntees that the scaling value used will be sufficiently large to ensure all the sighificant bits associate

ROI will be in higher bit-planes than all the significant bits associated with the background.

H.3

The ROI
the ampli

[Remarks on region of interest coding (informative)

functionality described in H.2 depends only on the scaling yalde 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

coefficienfts that need to be encoded with better quality to yield an ROI with better quality than the ba

Clause H.|

3.1 describes how to generate the ROI mask for a particular region in the image. Clause H.3.2 descril

generate the mask in the case of multi-component images and H.3.3 describes how to generate the ROI mask f]
regions. (flause H.3.4 describes a possible way to deal with the increase of coefficient bit depth. Clause H.3.5
how the ROI mask can be extended so as to not correspaend exactly to a region in the image domain and how thg
method mjay be used to encode the ROI and the background with different quality.

H.3.1

Region of interest mask generation.(informative)

To achieye an ROI with better quality than‘the rest of the image while maintaining a fair amount of compre

need to b
bit-plane
reconstru

b saved by sending less information 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 r
t the desired region with better quality than the background (up to lossless).

To illustrgte the concept of RQI mask generation, let us restrict ourselves to a single ROI and a single image ¢
and identify the samples.that belong to the ROI in the image domain by a binary mask, M(x, y), where:

The mas

M(x, ) 1 wavelet coefficient (x, y)is needed
X, V)= . . .
4 0 accuracyon (x, y) can be sacrificed without affecting ROI

hitude bit-
nt.

(H-6)

d with the

e only on
nds to the
ckground.
es how to
br disjoint
describes
Maxshift

ksion, bits
mask is a
eceiver to

mponent,

(H-7)

isamap of the ROT i the wavelet domain 5o that it 1as a NON-Zero vatue mside the ROT and 0outsi

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 irrevetrsible filter (informative)

Successful decoding does not depend upon the selection of samples to be scaled. In order to get the optimal set of
quantized| coefficients to be scaled the following equations deseribed 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 refergnce 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-scdling 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 fignificant
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 Maxghift method, as described above, allows the user/application to specify multiple tegions of arbitrary shdpe, which
will be aspigned higher priority compared to the rest of the image. The method dees hot require encoding or dgcoding of
the ROI shape.

The Maxghift method allows the implementers of an encoder to exploit a pamber 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 the layers of the wavelet cgefficients
belonging to the background need be encoded. This corresponds.to using different quantization steps for the RQI and the
background.

If the RO]J is to be encoded losslessly, the most optimal‘set of wavelet coefficients giving a lossless result for the ROI is
described|by the mask generated using the algorithms-described in H.3.1 However, the Maxshift method suppofts the use
of any majsk since the decoder does not need to gererate 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 de€ide in which sub-band he will start coding ROI and thus, it is not negessary to
wait for the entire ROI before receiving 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.

I.1

This ann

File format scope

data. While not all applications will use this format, many applications will find that this format meets(|th

However,|

This anne]

those applications that do implement this file format shall implement it as described in this entire an|
X :

- specifies a binary container for both image and metadata;

—  specifies a mechanism to indicate image properties, such as the tonescale or eolourspace 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 [Introduction to the JP2 file format

The JPEG 2000 file format (JP2 file format) provides a foundation\for storing application specific data (md

associatioj

n with a JPEG 2000 codestream, such as informatien ‘which is required to display the image.

applications require a similar set of information to be associated with the compressed image data, it is useful to

format of

Conceptu

that set of data along with the definition of the compression technology and codestream syntax.

hlly, the JP2 file format encapsulates the JPEG“2000 codestream along with other core pieces of in

about thaf codestream. The building-block of the JP2file format is called a box. All information contained with

file is enc

hpsulated in boxes. This Recommendation'| International Standard defines several types of boxes; the

of each specific box type defines the kinds of.information that may be found within a box of that type. Some |

be define
1.2.1

| to contain other boxes.

File identification

JP2 files ¢an be identified using.séveral mechanisms. When stored in traditional computer file systems, JP2 fi

be given

the file extension "jp2™ (readers should allow mixed case for the alphabetic characters). On Mac

systems, JP2 files should be given the type code 'jp2\040'".

1.2.2

File organization

A JP2 filg representsa collection of boxes. Some of those boxes are independent, and some of those boxes corf
boxes. Thie binary ‘structure of a file is a contiguous sequence of boxes. The start of the first box shall be the fi
the file, apd. the last byte of the last box shall be the last byte of the file.

x_defines an optional file format that applications may choose to use to wrap JPEG 2000 compressed image

eir needs.
hex.

mage;
rty rights

ed in files

tadata) in
As many
define the

formation
in the JP2
definition
boxes will

es should
ntosh file

tain other
rst byte of

The binary structure of a box is defined in .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 (1.5.1)
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)

______________________________________________________

CIPRbox(L6) o~ |
ez 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 UREbox (1.7.3.2)

______________________________________________________

T.800(19)_FI.1

Figure 1.1 — 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 not 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 Clontiguous
Codestreambox:

The file shown 1n 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 paletie 1o 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 componentcdefipition and
ordering from the JP2 file with the component ordering as defined by the colour specification. Once the'\filé cqmponents
have beer] mapped to the colour channels, the decompressed image can be processed through any,nieeded cqlourspace
transformhptions.

In many gpplications, components other than the colour channels are required. For example, many images us¢d on web
pages comtain opacity information; the browser uses this information to blend the image jinto 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 afithis Recommendation | Infernational
Standard.

1.2.5 Metadata

One impgrtant aspect of the JP2 file format is the ability to add metadata to a JP2 file. Because all infofmation is
encapsulafted 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 1s not understood by that particular reader. Iyj this way,
new box¢s can be created, ecither through this or other¢ Regcommendations | International Standards ¢r private
implementation. Also, any new box added to a JP2 file shalbnot change the visual appearance of the image.

1.2.6 IConformance with the file format

All confofming files shall contain all boxes requited’by this Recommendation | International Standard, and those boxes
shall be a§ defined in this Recommendation | International Standard. Also, all conforming readers shall correctly interpret
all requirkd boxes defined in this Recommendation | International Standard and thus shall correctly inferpret all
conforming files.

L3 Greyscale/Colour/Palettized/multi-component specification architecture

One of th¢ most important aspects 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 chagacterized.
The JP2 flle format proevides 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
colourspafexn’which the image is encoded. This method handles the specification of SRGB, greyscale and sYC|C 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 sSRGB 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.

1.3.2 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.
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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 15076-1 defines 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 15076+

For the JIP2 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 ICC colour
managemgnt engine.

1.3.3 Using multiple methods

Architectyrally, the format allows for multiple methods to be embedded in a file and allows other standardq to define
additional enumerated methods and to define extended methods. This provides readérs,conforming to these exftensions a
choice as|to what image processing path should be used to interpret the colourspace of the image. However, the first
method found in the file (in the first Colour Specification box in the JP2 Header box) shall be one of the njethods as
defined apd restricted in this Recommendation | International Standard. A conforming reader shall use that fifst method
and ignorg all other methods (in additional Colour Specification boxes),found in the file.

1.3.4 Palettized images

In addition to specifying the interpretation of the image in terms of colourspace, this Recommendation | International
Standard pllows for the decoding of a single component where the value of that single component represent an index
into a pglette of colours. The input of a decompresséd 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 flirectly extracted from multiple compongnts in the codestream.

L.3.5 [nteractions with the decorrelating’ multiple component transform

The specification of colour within the-JP2 file format is independent of the use of a multiple component trangformation
within th¢ codestream (the CSsiz parameter of the SIZ marker segment as specified in A.5.1 and in Annek G). The
colourspale transformations specified through the sequence of Colour Specification boxes shall be applied to [the image
samples dfter the reverse mulfiple component transformation has been applied to the decompressed samples. [While the
applicatiz'[lIf of these decorr¢lating component transformations is separate, the application of an encoder-basedl multiple
component transformation'will often improve the compression of colour image data.

1.3.6 Key to graphical descriptions (informative)

Each box|is deScribed in terms of its function, usage and length. The function describes the information contained in the
box. The ysage-describes the logical location and frequency of this box in the file. The length describes which garameters

. 1 1 1 L4l 1
determine-the fengtirotthebox:

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

Variable size parameter Run of M sets of parameters

T.800(19)_FI.2

Figure 1.2 — Example of the box description figures

is followed by a list that describes the meaning of each parameter in the box. If parameters are rep

The figur
length an
32-bit and
row. The
by H! and
not be foy

these valy

| nature of the run of parameters is defined. As an example, in Figure 1.2, parameters C, D, E and F.a
variable length respectively. The notation G° and GN! implies that there are N different parameter
broup of parameters H and HM!, and J° and JM-! specify that the box will contain HY, followed by J°

eated, the

re 8-, 16-,

s, G, ina
followed

J!, continuing to HM™! and JM-! (M instances of each parameter in total). Also, the field E'is optional and may

nd in this box.

After the list is a table that either describes the allowed parameter values or provides references.to other tables that describe
es.
h, in a figure describing the contents of a superbox, an ellipsis (...) will befused to indicate that the gontents of

In additio
the file bg
the defini

For exam
AA box. |
in I.8.

1.4 [Box definition

Physically
in Figure

ion of that box, may be found in place of the ellipsis.

{owever, there may be other boxes found between boxes AA dnd BB. Dealing with unknown boxes is

tween two boxes are not specifically defined. Any box (or sequence pf\boxes), unless otherwise spgcified by

ble, the superbox shown in Figure 1.3 must contain an AA box and.a BB box, and the BB box must follow the

discussed

[.4:

CBox:

“AA| -] BB

T.800(15)_FI.3

Figure 1.3 — Example of the superbox description figures

r, each object in the file is\encapsulated within a binary structure called a box. That binary strudture is as

LBox TBox XLBox

T.800(15)_Fl.4

DBox

Figure 1.4 — Organization of a box

Box length. This field specifies the length of the box, stored as a 4-byte big-endian unsign¢d integer.

TBox:

This value includes all of the fields of the box, including the length 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/IEC use.

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/IEC use.
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XLBox: Box extended length. This field specifies the actual length of the box if the value of the LB
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.

ox field is
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 I.1 — Binary structure of a box

Field name Size (bits) Value
0,1, or
LBox 32 8 to (2327 1)
TBox 32 Variable
64 16 to (2%~ 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 othpr 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 incliides any boxes contained within that box. For example, thg length of
Box 1 incJludes 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 Box 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 length of Box 1 from the beginning of Box 1.
Table 1.2 [ists all boxes defined by this. Recommendation | International Standard. Indentation within the tablg indicates
the hierarghical containment structure of the boxes within a JP2 file.
Table 1.2 — Defined boxes
Box name Type Superbox Required? Comments
. 'jP\040\040' . This box uniquely identifies the filg as
JPEG 2000 Sigaatdre box (0X6A50 2020) No Required | 1 io part of the JPEG 2000 famil} of files.
This box specifies file type, versioh and
Trvp' compatibitity Trformmatior,; mctudmg
File Type box (0x6 67?’ 7970) No Required specifying if this file is a conforming JP2
X file or if it can be read by a conforming JP2
reader.
ip2h' This box contains a series of boxes that
JP2 Header box (0x6A70 3268) Yes Required %cfgtam header-type information about the
hdr! This box specifies aspects of the reference
Image Header box (0x6968 6472) No Required g.rld geometry, number of components and
bit depth.
boee' 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.
© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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Table 1.2 — Defined boxes

Box name Type Superbox Required? Comments
el This box specifies the palette which maps a
Palette box P No Optional single component in index space to a
(0x7063 6C72) \ :
multiple-component image.
Component Mapping ‘cmap' No Optional This box specifies the mapping between a
box (0x636D 6170) P palette and codestream components.
This box specifies the type and ordering of
" 'cdef’ . the components within the codestream, as
Channel Definition box (0x6364 6566) No Optional well as those created by the application of a
palette.
'res ! his hox contains the orid resoluti
Resolution box (0x72 62‘;(;20) Ycs Optional = L th tion.
Clapture Resolution 'resc’ No Optional This box specifies the grid resolutipn at
bpx (0x7265 7363) which the image was capfured.
Default Display 'resd' No Optional This box specifies the default grid fresolution
Rfesolution box (0x7265 7364) P at which the image should be displayed.
. jp2c’ . This box contains:the codestream 3s defined
Contiguops Codestream box (0x6A70 3263) No Required by Annex A,
jp2i' . This boxX centains intellectual property
Intellectupl Property box (0x6A70 3269) No Optional information about the image.
ml\040' This\box provides a tool by which [vendors
XML boH (0x786D 6C20) No Optional can’add XML formatted informati¢n to a
IP2 file.
wuid' This box provides a tool by which [vendors
UUID bojx (0x7575 6964) No Optiohal can add additional information to { file
without risking conflict with other|vendors.
winf This box provides a tool by which fa 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
UUII) List box v No Optional
(0x7563 7374)
URL Ibox (Ox;llsr%\z()éé((); 20) No Optional This box specifies a URL.
L5 [Defined boxes
The folloying boxes shall properly be interpreted by all conforming readers. Each of these boxes conforms to thg standard
box strucfure as defined in 1.4. The,following clauses define the value of the DBox field from Table 1.1 (the contents of
the box). [t is assumed that thé iBox, TBox and XLBox fields exist for each box in the file as defined in I.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 Recommfendation |
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 angl only one
JPEG 2000.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 '<SCR><LF><0x87><LF>' (0xODOA 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 0DOA 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.

L5.2 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:

BR:

|
[
BR MinV [
[

T.800(19)_FI1.6

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':

thac i1 Thaicfiald ic o +Ead b farrdasitaqiiia £ICSONEC 646 choraotare Tl 1
ST O T TS TICTa TS S PrCITICO O y - aTO U O y (O St T s OT 1o O T O o Uarattors— o v arato

is defined in Table 1.3:

Table 1.3 — Legal Brand values

Value Meaning
'ip2\040' Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex |
(This Recommendation | International Standard)
other values Reserved for other ITU-T | ISO/IEC uses

this field

In addition, the Brand field shall be considered functionally equivalent to a major version jumber. A
major version change (if there ever is one), representing an ih¢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 filesin.the manner intended by the creator of th

Minor version. This parameter defines the minor version number of this JP2 specification

 file.

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, or\a' profile of another standard, to which the file conforms. This field is

encoded as a four-byte string)of ISO/IEC 646 characters. A file that conforms to this Recom
| International Standard/shall have at least one CL! field in the File Type box, and shall ¢
value 'jp2\040' in one-of the CL fields in the File Type box, and all conforming readers sha
interpret all files with 'jp2\040’ in one of the CL! fields

If one of the.CL' fields contains the value "J2P0" then the first codestream contained withi
file is restrictéd as described for Profile-0 from Table A .45.

If one.of'the CL! fields contains the value "J2P1" then the first codestream contained withi
file 1§ restricted as described for Profile-1 from Table A.45.

Other values of the Compatibility list field are reserved for ITU-T | ISO/IEC use.
The number of CL! fields is determined by the length of this box.

endation
bntain the
| properly

n this JP2

n this JP2

1.5.3

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 (232-1)

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:

ihdr | se+ |bpcc /| coo | E51° Colt™ ] oo [opelr | eee [emap | eee [“cdef | oo res
T.800(19)_F1.7
Figure 1.7 — Organization of the contents of a JP2 Header box
ihdr: Image Header box. This box specifies information about the reference grid geometry; bitdepth and
the number of components. This box shall be the first box in the JP2 Header box.
bpcc: 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 anywlere in the JP2 Header
box provided that it comes after the Image Header box.
colr': Colour Specification boxes. These boxes specify the colourspace of the decompressed impge. Their
structures are specified in 1.5.3.3. There shall be at least one Colouf Specification box withfin 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 com€after the Image Header box. All Colour
Specification boxes shall be contiguous within the JP2 Header box.
pclr: 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 JIP2 Header
box provided that it comes after the Image Header box.
cmap: Component Mapping box. This box defings how image channels are identified from fhe actual
components in the codestream. Its structure is specified in 1.5.3.5. This box may be found [anywhere
in the JP2 Header box provided thatif.comes after the Image Header box.
cdef: Channel Definition box. This box:defines the channels in the image. Its structure is specified|in 1.5.3.6.
This box may be found anywhere“in the JP2 Header box provided that it comes after the Image Header
box.
res: Resolution box. This bdx specifies the capture and default display grid resolutions of the fimage. Its
structure is specifiedin’1.5.3.7. This box may be found anywhere in the JP2 Header box provided that
it comes after the Image Header box.
1.5.3.1 [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<H¢eader 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 inf¢rmation.within the Image Header box is redundant with information stored in the codestream itself.
All referepces 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 Image 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:
| | 9 2|
HEIGHT WIDTH NC S| =
T.800(18)_FI.8
Figure 1.8 — Organization of the contents of an Image Header box
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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:

SeeFigure B foram ittustration of the mage area. HoweverT, Teference grid poimnts are not
necessarily square; the aspect ratio of a reference grid point is specified by the Reseljition box.
If the Resolution box is not present, then a reader shall assume that reference grid points are
square.

The WIDTH is not always the same as the default image width. See{£.5.3.1.1 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{ofi components in the cpdestream
and is stored as a 2-byte big-endian unsigned integer. The alue of this field shall be equal to the
value of the Csiz field in the SIZ marker in the codestream:

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 specifies that
bit depth and shall be equivalent to the~yalties 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 sigi, 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 are;signed or unsigned. If the high-bit is 1, then the componerjts contain
signed values. If the highsbit is 0, then the components contain unsigned values.

Compression type. This parameter specifies the compression algorithm used to compress 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/IEC 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 valups for this
fieldlare 0, if the colourspace of the image is known and correctly specified in the Colour
Specification boxes within the file, or 1 if the colourspace of the image is not known. A value of
I\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/IEC 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/IEC use.

© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
149


https://iecnorm.com/api/?name=1d3c54a01d44ad897493071c4eee2510

NOTE

Resolufion 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

In instandes where only image samples for individual components'are needed, refer directly to the compone
dimension equation B-2.

However,

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:

And the default image dimensions are:

If M is equal to on€;\then the reference grid image area dimensions shown in WIDTH and HEIGHT are eq
default image width and height. Otherwise, when M > 1, the default image has dimensions smaller than W

HEIGHT|
NOTE

ISO/IEC 15444-1:2024(en)

Table 1.5 — Format of the contents of the Image Header box

Field name Size (bits) Value
HEIGHT 32 1to (23%-1)
WIDTH 32 1to (23%-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 plep
%000 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/IEC use

— While 1.5.3.1.1 defines the default image dimensions in pixels, the relation.to physical dimensions is given by

Default image dimensions

when some rendering is required, lacking othertenidering or expansion directives, the default image d

M = ged{XRsiz®, YRsiz® | for all ¢, 0 < ¢ < Csiz}

‘ _ ([Xsiz—l [XOSZ’Z—I [Ysiz—‘ (YOsiZ—D
(width, height) = - s -
M M M M

he Capture

o

nt sample

mensions
of M, the
he image.

-1

(1-2)

ual to the
DTH and

— Fof example, suppose there is a codestream with Xsiz = Ysiz = 1024 and XOsiz = 3 and YOsiz = 2. This codgstream 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:

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.

c) If there are 3 components all with XRsiz® = YRsiz® =4, then M =4 and the default image width and
both 256 — 1 =255.

and image

height are

d) If there are 3 components with XRsiz? = YRsiz? = 2, XRsiz! = YRsiz! = 3, XRsiz? = YRsiz? = 2, then M = 1, and

the default image dimensions will equal WIDTH and HEIGHT.
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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:

_ T
S g
[a W}
& 4
jaal
L[ [__Ita800(15)_FL9

Figure 1.9 — Organization of the contents of a Bits Per Component box

BPC':  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 BRC' fields shall b¢ the same
as the value of the NC field from the Image Header box. The value of this'field 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. The high-bit indicatds whether
the component is signed or unsigned. If the high-bit is 1, thefi the component contains signgd 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

Tablel.8 — 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
All other values reserved for ITU-T | ISO/IEC use

1.5.3.3 [Colour Specification box

Each Colpur Specification box defines one method by which an application can interpret the colourspdce of the
decomprejssed image data. This colour specification is to be applied to the channel, representing signed or] unsigned
integers, ndvassociated with colours m‘(‘nrding to the Channel Definition box (see I 5 3 6) The reconstructed 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 B field of the Palette box (see .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! / (2BP¢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(BPCIAND 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 colour in the numerical framework used to define the colourspace while I zera'is the value
of channgl i in the representation of the colour that corresponds to the absence of any scene radiance, thel complete
absorptiof of visible light or the achromatic level, if this interpretation is applicable and all channel values,ar¢ 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 filgd may contain multiple Colour Specification boxes, but must contain at least onéy 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:

|
PROFILE |
)
|

METH
PREC
m
=)
=
3
(P!

721

T

APPROX

Figure I.10 — Organization, of the contents of a Colour Specification box

METH: 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 field@hall be 1 or 2, as defined in Table 1.9.

Table 1.9 — Legal METH values

Value Meaning

1 Enumerated Colourspace. This Colour 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 spec{fy the
transformation needed to convert the decompressed image data into the PCSxyz, and shall conform to either the Monochromd Input, the
Threc-Component Matrix-Based Input profile class, the Monochrome Display or the Ihree-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/IEC uses. If the value of METH is not 1 or 2, there may be fields in this box following the APPROX
values | field, and a conforming JP2 reader shall ignore the entire Colour Specification box.
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Precedence. This field is reserved for ITU-T | ISO/IEC 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 Colour
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 61966-2-1 with Lmin;=0 and Lmax;=255. This colourspace shall bé used with cliannels
carrying unsigned values only.

17 greyscale: A greyscale space where image luminance is related to code values using the SRGB non-linear|ty given
in Equations (2) to (4) of IEC 61966-2-1 (sRGB) specification:

where Yiin is the linear image luminance valug(n the range 0.0 to 1.0 and d! is the channel input value scajed
according to 1.5.3.3 with Lmin'’=0 and Lmax'=t.0. The image luminance values should be interpreted relafive to
the reference conditions in Section 2 of JE€ 61966-2-1.

This colourspace shall be used with channels carrying unsigned values only.

Y’ =d! (-
for (Y" <0.04045),Y,,, =Y /12.92 (%))
: 2.4
Y’ +01055)"
for (Y'>0.04045), ¥, =| —= "
o ( M lin ( 1055 j

18 sYCC as defined by IEC 61966-2-1 JAmd.1 with Lmini=0 and Lmaxi=255. This colourspace shall be used with
channels carrying unsigned values only.
NOTE - It is not recommeided to use the ICT or RCT specified in Annex G with sYCC image data. See JJ.14 for
guidelines on handling YCE codestreams.

other valpes | Reserved for other FTU-T | ISO/IEC 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 int¢ 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 32ifMETH =1 0to (22— 1)
0if METH =2 no value
PROFILE Variable Variable; see the ICC Profile Format Specification,
version [CC.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 'pclr’ (0x7063 6C72). The contents of this box shall be as in Figure I.11:

INE:

B':

Ci:

INPC:

NE Nec| B’ g c° e
m
_’ LAY
L—p| CNE#LO XCN/E,LNPC,I
, O
K

T.800(15)_FI.11

Figure I.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 2
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 #, encoded as a |
endian integer. The Jow 7-bits of the value indicate the bit depth of this palette column. Th
indicates whethér.the palette column is signed or unsigned. If the high-bit is 1, then the palef
contains sighed values. If the high-bit is 0, then the palette column contains unsigned v3
number,of.B' values shall be the same as the value of the NPC field.

s a 2-byte

be used to
field shall

-byte big-
e high-bit
te column
tlues. The

The_value for entry j for palette column i. Cii values are organized in component major order; all of

thexalues 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, Gi1, Bi, Rz, Gz, Bo, etc. The size of Cl iy

e example
the value

specified by field B'. The number of palette columns shall be the same as the NPC field. The number

of Cif values shall be the number of palette columns (the NPC field) times the number of]

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

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

Cit Variable Variable
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Table 1.13 — B values

Msgalues (bitsiSB 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
1XXX XXXX Palette column values are signed values
All other values reserved for ITU-T | ISO/IEC use.

1.5.3.5 Component Mapping box

The Component Mapping box defines how image channels are identified from the actual components decoded from the

codestreamn. This abstraction allows a single structure (the Channel Definition box) to specity the colour orty

palettized,
of these f]
zero, and

There sha|

If the JP2
the JP2 H|
such that

The type
Figure 1.1

images and non-palettized images. This box contains an array of CMP, MTYP! and PCOL! fields."E}
elds represents the definition of one channel in the image. The channels are numbered in erder staj
the number of channels specified in the Component Mapping box is determined by the length'of the

[1 be at most one Component Mapping box inside a JP2 Header box.

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 7 is mapped to channel .

of the Component Mapping box shall be ‘cmap’ (0x636D 6170). The\contents of this box shal
D:

cmp’ CMP?

MTYP
PCOL
MTYP
PCOL

T.800(15)_Fl1.12

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

IMTYP!: This field specifies how this channel is generated from the actual components in the file. T
encoded as a 1-byte unsighed 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
bOX.

ng box. If
channels,

be as in

s channel
integer.

his field is

Value Meaning

0 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.

1 Palettemapping. This channel is created by applying the palette to an actual component in the codestrean}. The
index of the component mapped into the palette is specified in the CMP' field for this channel. The column from
the-palette to use is specified in the PCOL! field for this channel.

2 to 25p Reserved for ITU-T | ISO/IEC use

NPavat aii o 11 el 1 . 1 £, 1 1 1 : 1 1 1
rCUL . THIS TICIA SPCCITICS UIC HIUCX COHIPONCIIU ITOIT UIC PAICUC UIdlU IS USCU 10 IIdD UIC dCUdL C

mponent

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
© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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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 hlue 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 asdn'‘Figure 1.13:

0 N N N
N Cn Typ Asoc’ Cn Typ Asoc”

T.800(19)_F1.18

Figure 1.13 — Organization of the contents of a Channel Definition box

N: Number of channel descriptions. This field specifies the numberof channel descriptions if this box.
This field is encoded as a 2-byte big-endian unsigned integer:

Cn': Channel index. This field specifies the index of the channel*for this description. The value of this field
represents the index of the channel as defined within-the Component Mapping box (or fthe actual
component from the codestream if the file does not,contain a Component Mapping box). This field is
encoded as a 2-byte big-endian unsigned integgr.

Typ': Channel type. This field specifies the type ofithe channel for this description. The value of this field
specifies the meaning of the decompressed -samples in this channel. This field is encoded ds a 2-byte
big-endian unsigned integer. Legal values of this field are shown in Table I.16:

TableJA16 — Typ! field values

Value Meaning
0 This channel is the colour image data for the associated colour.
1 Opacity. A sample valueof 0 indicates that the sample is 100% transparent, and the maximum value of the

channel (related to the bit depth of the codestream component or the related palette component mapped tq this
channel) indicates®a~100% opaque sample. All opacity channels shall be mapped from unsigned componepts.

2 Premultiplied’opacity. An opacity channel as specified above, except that the value of the opacity channe] has
been multipliedinto the colour channels for which this channel is associated. Premultiplication is defined|as
follows:

o

Sp=S><

{-5)

o“max

opacity channel, and ounax is the maximum value of the opacity channel as defined by the bit depth of the ppacity
chanmel:

where S is the original sample, S is the pre multiplied sample (the sample stored in the image, o is the Var)ue of the

3 to (2'%-2) | Reserved for ITU-T | ISO/IEC use
2161 The type of this channel is not specified.

Asoc’:  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.

Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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Table 1.17 — Asoc' field values

Value Meaning

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).

1 to (216~ 2)

the reader to associate that decoded channel with the Red input to an ICC profile contained with
Colour Specification box. Colour indicators are specified in Table 1.18.

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

ina

2

161 This channel is not associated with any particular colour.

Table 1.18 — Colours indicated by the Asoc' field

The valug
channels
Channel

In this bg
specify h
shall be o
the Colou|

For exam
of that ch

Class of Colour indicated by the following value of the Asoc' field
colourspace
1 2 3 4
RGB R G B
Greyscale
YCoCr Y Co 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 Z
Lab L a
Luv L u \4
YCoCr Y Co Cr
Yxy Y X y
HSV H S \%
HLS H L S
CMYK C M Y K
CMY C M Y
Jab J a b
oo [ : ; :

s in Table 1.18 specify indices'that have been assigned to represent specific "colours" and do not refer
or components within the\cddestream or palette). Readers must use the information contained
efinition box to determine which channels contain which colours.

x, channel indices-are)mapped from particular components within the codestream or palette. Colo
w a particular channel shall be interpreted based on the specification of the colourspace of the img
he channel definition in this box for every colour required by the colour specification of this file as sp
I Specification box.

ble, the'green colour in an RGB image is specified by a {Cn, Typ, Asoc} value of {i, 0,2}, where i is
lannel-(either directly or as generated by applying the reverse multiple component transform to

componentsut the codestream). Applications that are only concerned with extracting the colour channels ca

o specific
within the

ur indices
ge. There
ecified by

the index
the actual

h 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: {i, 1, 1}, {7, 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 2! 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 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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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.

Table 1.19 — Format of the Channel Definition box

Parameter Size (bits) Value
N 16 1to (21 1)
Cni 16 0to (21 1)
Typ' 16 0 to (21~ 1)
Asoc! 16 0to (2'-1)
1.5.3.7 |Resolution box (superbox)
This box ppecifies the capture and default display grid resolutions of this image. If this box exists, it shall)con}ain either
a Capture|Resolution box, or a Default Display Resolution box, or both.
There sha]l be at most one Resolution box inside a JP2 Header box.
The type 9f a Resolution box shall be 'res\040' (0x7265 7320). The contents of the Resolutiofybox are as in Figure 1.14:
[ T
I [} |
| oresc | oresd |
I ] |
) [} |
_____ T.800(15)_Fl.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 capfured. The
format of this box is specified in 1.5.3.7.1.
resd: Default Display Resolution box. This box.specifies the default grid resolution at which this image
should be displayed. The format of this'box is specified in 1.5.3.7.2.
1.5.3.7.1 | Capture Resolution box
If this bok exists, it shall specify the grid resolution of the source from which the image samples represenfed by the
codestreafn were captured or created. The dimiensions of the reference grid are given by the contents of the Image Header
box, see 1}5.3.1.
The contents of the Capture Resolution box shall be consistently adjusted between edits such that the resolutiop as given
by this bpx always reflects the physical separation between reference grid points on the image region epcoded or
representgd by the file.
If the Coflestream box does_not represent a physical image, this box might not exist, or might represent § physical
dimension intended by the creator of the image.
NOTE[- For exampl€, this box could specify the resolution of the flatbed scanner that captured a page from a book. The capture
grid regolution could also specify the resolution of an aerial digital camera or satellite camera. It may also specify the r¢solution at
which

2000 f3

of the

bample grid does not change, i.e., both the sample grid size and the size of the image described by it shrink

he image. in the file was rendered from a vector original or from a raster original in a resampling operation. If ajlnew JPEG
le iscreated by cropping from an original file, the contents of the Capture Resolution box will not change as th}vresolution

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:

VRe = VRN | jgrees
VRcD
Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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_ HRcN

‘ReD

% 1OHRCE

HRc

(I-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 I.15:

1.5.3.7.2

[VRcN:

VRcD:

HRcN:

HRcD:

VRCE:

HRCcE:

54 [Sa]

VReN | VReD | HReN | HReD | 2 | &
> | T

T.800(15)_FI.15

Figure 1.15 — OUrganization ol the contents ol the Capture Resolution box

Vertical Capture grid resolution numerator. This parameter specifies the JFReN
Equation (I-4), which is used to calculate the vertical capture grid resolution. ‘This pa
encoded as a 2-byte big-endian unsigned integer.

Vertical Capture grid resolution denominator. This parameter specifies” the VRcD
Equation (I-4), which is used to calculate the vertical capture grid resolution. This pa
encoded as a 2-byte big-endian unsigned integer.

Horizontal Capture grid resolution numerator. This parameter—specifies the HRcN
Equation (I-5), which is used to calculate the horizontal capturevgrid resolution. This pal
encoded as a 2-byte big-endian unsigned integer.

Horizontal Capture grid resolution denominator. This parameter specifies the HRcD value ir
(I-5), which is used to calculate the horizontal capture @pid resolution. This parameter is en
2-byte big-endian unsigned integer.

Vertical Capture grid resolution exponent. ThiSparameter specifies the VRcE value in Equg
which is used to calculate the vertical capture grid resolution. This parameter is enc
twos-complement 1-byte signed integer.

Horizontal Capture grid resolution‘exponent. This parameter specifies the HRcE
Equation (I-5), which is used to calculate the horizontal capture grid resolution. This pa
encoded as a twos-complement Fsbyte 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 —128to 127

value in
ameter is

value in
ameter is

value in
rameter is

Equation
toded as a

tion (I-4),
ded as a

value in
rameter is

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

© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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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:

VRd = VRN | oVRdE (1-6)
VRAD

HRd = TRAN | o HRAE 1-7)
HRAD

The valud

The type

Resolutioh box are as in Figure 1.16:

of a Default Display Resolution box shall be 'resd' (0x7265 7364). The contents of the Defau

s VRd and HRd are always in reference grid points per metre. If an application requires the grid reqolution in
another upit, then that application must apply the appropriate conversion.

t Display

58] 58]

VRAN | VRAD | HRAN | HRADY| 2 | &
S|z

T.800(15)_FI.16

Figure 1.16 — Organization of the contelts 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.fos calculate the vertical display grid resolution. This pafameter is
encoded as a 2-byte big-endian unsigned integer.

[VRAD: Vertical Display grid  résolution 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-byfe pig-endian unsigned integer.

[HRdAN: Horizontal Display grid resolution numerator. This parameter specifies the HRJN| value in
Equation (1=7), which is used to calculate the horizontal display grid resolution. This pafameter is
encodedas-a 2-byte big-endian unsigned integer.

HRdD: Horizontal Display grid resolution denominator. This parameter specifies the HRdD| value in
Egquation (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 fis a twos-
COMpIement 1-Dyte Signed (Meger-

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.

Rec. ITU-T T.800 (V4) (07/2024) © ISO/IEC 2024 - All rights reserved
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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 (21 1)
VRdAD 16 1to (21 1)
HRAN 16 1to (215~ 1)
HRdD 16 1to (21 1)
VRdJE 8 —128 to 127
HRdE 8 —128 to 127
L.5.4 Contiguous Codestream box

The Contiguous Codestream box contains a valid and complete JPEG 2000 codestream, as defined in Annex A. When
displaying the 1mage, a conforming reader shall ignore all codesireams after the Iirst codestream found ip the file.
Contiguofis Codestream boxes may be found anywhere in the file except before the JP2 Header box.

The type ¢f a Contiguous Codestream box shall be 'jp2c' (0x6A70 3263). The contents of the box shall beas’in Figure 1.17:

" Code

.| T.800(15)_F1.17

Figure I.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

1.6 Adding intellectual property rights information in JP2

This Recdmmendation | International Standard specifies a box type for a box which is devoted to carrying iftellectual
property flights information within a JP2 file. Inclusion of this information in a JP2 file is optional for conforring files.
The definjtion of the format of the contents of this box is reserved for ITU-T | ISO/IEC. However, the type of this box is
defined ir] this Recommendation | Internatiénal Standard as a means to allow applications to recognize the existence of
IPR inforfnation. Use and interpretationof’this information is beyond the scope of this Recommendation | International
Standard.

In general, an IPR box found at‘the'top level of the file specifies IPR for the file as a whole. IPR boxes may b found at
other locdtions, including inside/superboxes defined by other Recommendations | International Standards. For|those [PR
boxes, thq rights specified refer to the entity defined by the containing superbox.

The type ¢f the Intelléctual Property box shall be 'jp2i' (0x6A70 3269).

L.7 Adding vendor-specific information to the JP2 file format

The following boxes provide a set of tools by which applications can add vendor-specific information to the JP2 file
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 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)
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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 JP2 files. Also, any XML box shall not contain any
information necessary for decoding the image.

1.7.2

UUID boxes

A UUID

Recommsg

faa. d o o O 41 +la 4l tha sl 41 toa d tlasaala. dals d
UACUTTTAIITS T VO ITOOT=S pCUTTTU THTOTHTA TTOTT Ut U T Uirdi T o OUT At To T COTITA o U W It T OUAT S UUTITICT

found anywhere in the file except before the File Type box.

The type

The exist
informati

1.7.3

While it i
informati
extension
boxes. Th
file itself)

the format of the vendor-specific information stored in.the DATA field and the interpretat
information.

DATA: This field contains vendor-specific information{ The format of this information is defined

UUID field.

Table 1.23 — Format-of the contents of a UUID box

Field name Size (bits) Value
UUID 128 Variable
DATA Variable Variable

n necessary for decoding'the image.

[UUID Info boxes.(superbox)

useful to allow~vendors to extend JP2 files by adding information using UUID boxes, it is also useful
n in a sfandard form which can be used by non-extended applications to get more information

ese’boxes may be found anywhere in the top level of the file (the superbox of a UUID Info box shall
excépt before the File Type box.

vithin this

ndation | International Standard. There may be multiple UUID boxes within the file, and those boxgs may be

fa UUID box shall be 'uuid' (0x7575 6964). The contents of the box shall be as in Figurel. 19:
| | ! | | | | s,
D JpTA
T.B(‘JO(19):F’|’.19
Figure 1.19 — Organization of the contents of the\UUID box
ID: This field contains a 16-byte UUID as specified by ISOAEE 11578. The value of this UUID specifies

on of that

putside of

the scope of this Recommendation | International Standard, but it is indicated by the value of the

ence of any UUID boxes' is optional for conforming JP2 files. Also, any UUID box shall not cqntain any

to provide
about the

b in thetfile. This information is contained in UUID Info boxes. A JP2 file may contain zero or more YUID Info

be the JP2

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.

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

T.800(15)_F1.20

Figure 1.20 — Organization of the contents of a UUID Info box

UList: UUID List box. This box contains a list of UUIDs for which this UUID Info box specifie
more information. The format of the UUID List box is specified in 1.7.3.1.
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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

inl.7.3.2.

UUID List box

This box contains a list of UUIDs. The type of a UUID List box shall be 'ulst' (0x756C 7374). The contents of a UUID

List box s

hall be as in Figure .21:

NU

1.7.3.2

This box
vendor-sp
Recommg
file, http,
containing

The type
in Figure

T.800(19)_F1.21

Figure 1210 o £ 11 £ 2 [ILID List 1
Number of UUIDs. This field specifies the number of UUIDs found in this UUID Listbox:
is encoded as a 2-byte big-endian unsigned integer.

ID. This field specifies one UUID, as specified in ISO/IEC 11578, which shall be.associate
URL contained in the URL box within the same UUID Info box. The numbésof UUID! f]
be the same as the value of the NU field. The value of this field shall be atl 6-byte UUID.

INU:

ID':

Table 1.24 — UUID List box contents data structure yalues

Value
0to (2'-1)
0to (2'2%-1)

Parameter Size (bits)
NU 16

UUID! 128

Data Entry URL box

contains a URL which can be used by an application to acquire more information about the
ecific extensions. The format of the information acquired through the use of this URL is not defin
ndation | International Standard. The URL typesshould be of a service which delivers a file (e.g., UR|
ftp, etc.), which ideally also permits random,aceess. Relative URLs are permissible and are relative
b this Data Entry URL box.

bf a Data Entry URL box shall be 'url\040' (0x7572 6C20). The contents of a Data Entry URL box s
[.22:

LOC

VERS

FLAG

T.800(15)_F1.22

Figure 1.22 — Organization of the contents of a Data Entry URL box

This field

d with the
elds shall

hssociated
ed in this
s of type
to the file

hall be as

[VERS: ¢rsion number. This field specifies the version number of the format of this box and is epcoded as
a’l-byte unsigned integer. The value of this field shall be 0.

FIA/AG: Flags. This field is reserved for other uses to flag particular attributes of this box and is en¢oded 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 ISO/IEC 646 characters.

Table 1.25 — Data Entry URL box contents data structure values

Parameter Size (bits) Value
VERS 8 0
FLAG 24 0

LOC varies varies
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I.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 C:2p 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))

l Yes Chigh < A? No

A 4

A AND 0x8000 = 07 >>NO

Chigh = Chigh — A

lYes ' ¢

D = MPS_EXCHANGE D = MPS(CX) D = LPS_EXCHANGE
RENORMD RENORMD

v
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 A
BP=BP+1
C'=C + 0xFE00 — (B << 9) CT=8
CT=7

I

y
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 b) in the following way [44]:

Ag
e (-1
T
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 [28], [29]. 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 Rx, + 3) /32 0.602 949 018.236 360
2
+1 —5x1(8|x2| - mxzj /8 0. 266 864 118 442 875
2
+2 - 5x1(4|x2| - 4%, - 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)/ 32xj —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 (16x, —1)/32x 0.591 271 763 114 250
+2 (2, +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 Ry + 3) /32 0.602 949 018 236 360
2
0,2 5x1(8|x2| - i)i’xzj /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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Example of discrete wavelet transformation

Table J.3 contains the integer-valued samples /(x, y) of a tile component that is 13 samples wide and 17 samples high.

Table J.3 — Source tile component samples

I(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 1S 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
J.4.1 [Example of 9-7 irreversible wavelet transformation
Tables J.4,1.5,J.6,]J.7,J.8, J.9 and J.10 contain the coefficierits.of the sub-bands 2LL, 2HL, 2LH, 2HH, 1HL, 1LH, 1HH
resulting from the two-level decomposition with the 9-7 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
nteger.
Table J.4 — 2LL sub-band.coefficients (9-7 irreversible wavelet transformation)
axr(u, v) 0 1 2 3
0 4 11
1 5 8 11
2 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)
@2HL(U, 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)

axLu(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)

axuu(u, v) 0 1

|
—
oS|lo|olo| N

0
1
2
3

Table J.8 — 1HL sub-band coefficients (9-7 irreversible wavelet transformation)

ainL(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)

aiLa(u, v)

o

|
—
S|lOo|O| &

Qo |unBfw | N|=c
olo|o|lo|o|olo|de
o|lo|o|o|o|o|o|o| =
olo|oc|lo|o|oc|lo|o| N
o|lo|olo|o|o
ololo|lol L
olo|o|lo|~|—|lo|o| wn
o|lo|o|—=|o|—=|oc|o| e

Table J.10 — 1HH sub-band coefficients (9-7 irreversible wavelet transformation)

arnn(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)

axuL(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)

axuL(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 reversible wavelet transformation)

axLu(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)

axuu(u, v) 0 1 2
0 -1 0 0
1 -1 0
2 1 0
3 0 0

Table J.15 — 1HL sub-band coefficients (5-3 reversible wavelet transformation)

ainL(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)

aiLu (u, v)

0

N | QN | N AW N -

[=NNel el Neol ol el Rel Re N -]
OO ||| ||| -
[=NEel el el s E=2 N RN &
S|lo|o|o|o|o|(o|Oo| W
[l =N E=2 N =l el el Rl B N
—|lo|lo|lo|~—|~|co|o]|
O|l=|=|IN|=—=|lO|O| &

Table J.17 — 1HH sub-band coefficients (5-3 reversible wavelet transformation)

ainn (u, v)

0

S|o(Oofo|—|[o|D| &

OSl=|O|=—r|lOo|O | B

NN N R RN -

olo|o|o|loc|o|Ioc|o| @
o|lo|o|o|loc|o|Io|o]| -~
Slo|o|Io|(o|—|Io(o| N
(=g el I E=1 RN e el e BN

|
—

J.5 [Row-based wavelet transform

Described
compress
implemen|
directiong
Filtering

here is an example of a row-based wavelet transformation for the 9-7 irreversible filter that is well
on devices which receive and transfer image data in a serial manner. Traditional wavelet trang
tations require the whole image to be buffereds.and 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 reads filtering along a column requires the whole image to be

explains []he huge bandwidth requirements of-the traditional wavelet transformation implementation. The

wavelet t
traditiona|
provide a
following]

J.5.1

The FDW
equivalen|
samples o
size texi
Figure J.4
of sample]

ansformation overcomes the previous’limitation while providing the exact same transformed coeffi

wavelet transformation implemientation. However, the row-based wavelet transformation alone]
complete row-based encoding paradigm. A complete row-based coder also has to take into acco
coding stages up to the entropy coding and rate allocation stages.

The FDWT_ROW(procedure

T ROW procedurefor the 9-7 irreversible filter uses one buffer buf(i, j) of five rows, 0 <i <4, to pq
L of the 2D _SD-procedure described in F.4.2, except for the 2D DEINTERLEAVE procedure. The ra
f input tile component /(x, y) is assumed to be defined by Equation (F-1). Each row of the buffer by
- tcxo +-IsThe general description of the FDWT ROW applied to one image tile component is illy
for the/first level of decomposition. The FDWT ROW takes as input a level shifted image tile comp,
5 ‘apid’produces as output one row of transform coefficients. It is assumed throughout this clause that

suited for
formation
horizontal
involved.
read. This
ow-based
ients as a
does not
int all the

rform the
nge of the
(i, j) is of
Istrated in
pnent row
the image

tile component has af Ieast five rows.

© ISO/IEC 2024 - All rights reserved Rec. ITU-T T.800 (V4) (07/2024)

171


https://iecnorm.com/api/?name=1d3c54a01d44ad897493071c4eee2510

ISO/IEC 15444-1:2024(en)

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,)

: :

iy < mod (tcx,, 2)
i)« fox - tex, +

!

buf{0) = 1D_SD(buf(0), i, 1,)

}

OUTPUT _ROW(buf(0)) &F ROWG, b END_2(y, byf)

Done
RB_VERT 2(buf)

A 4 A l

END_1(y, buf) i« mod(y — 4, 5)
l yeytl

Done
buf(i) = 1D_SD(buf(d), i, i)

}

OUTPUT_ROW(buf(i))

OUTPUT _ROW(bufli))

y<ley - ey No

y

y<lcy, —tcy,

| T 800151 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 /(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 < f[LXO

j<0

mod(tcxy, 2) =0 >N 5 g

J.5.2 The INIT procedure

iYes

A 4

buf (i, d + j) < I(x, y + tcy,)

}

xext1

F Y

Jeitl

No

Yes

Done
T.800(15)_FJ.5

Figure J.5~The GET_ROW 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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i—0

:

» | GET ROW(y, buf)

J.5.3 The START_VERT procedure

As illustrated in Figure J.7, the START VERT procedure modifies the coefficients in the buffer buf(i, j). In t
as well as|in all the following figures of this clausey the expression buf{i) < buf{(i) + a - buf{i) is equivalent to 4

I

i—i+1
veyt+1

No

Yes

Done

buf(i, j) o - buflis, j) for d <j < texo — texi Hdl.

T.800(19)_FJ.6

Figure J.6 — The INIT procedure

his figure,
uf(i, j) <
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buf(0) < buf(0) + 20. - buf(1)
bufi2) « bufi2) + o - buf(1)
buf(1) < bufi1) + B - bufl0)
buf(2) « bufi2) + o - buf(3)
buf(1) <= buf(1) + B - buf(2)
buf0) < bufl0) + 2y - bufi1)
buf(4) < bufi4) + 2a - buf(3)
bufi3) « bufi3) + B - bufi2)
buf(2) < buf(2) + v - buf(1)
buf(1) < buf(1) + 8 - bufl0)

ISO/IEC 15444-1:2024(en)

START VERT

mod(tcy,,2) =0 Yes

No

No 7y < tey, - ey,

bufi1) < buf{1) + a. - buf{0)
buf(1) < buf(1) + o - buf(2)
bufl0) < bufi0) + 2 - buf(1)
bufi3) « bufi3) + a - buf(2)
bufi2) < bufi2) + B - bufi1)
buf(1) < buf{1) +y - bufl0)
buf(3) < buf(3) + o - buf(4)
bufi2) < bufi2) + B - bufi3)
buf(1) <= buf(1) + vy - buf(2)
bufi0) < buf(0) + 25 - buf(1)

J.5.3.1

As illustrd

bufi0) < K - buf{0)

Done

Yes

h 4

1
bufi0) <K - buf0)

buf(0) < bufl0) + 20 - buf(1)
buf(2) < buf(2) + a - buf(1)
buf(1) < bufi1) + B - bufl0)
buf(2) < bufi2) + a. - buf(3)
buf(1) «— bufi1) + B - bufi2)
buf(0) < bufi0) + 2y - buf(1)
buf(4) « bufid) + o - buf(3)
buf(3) < buf(3) + p - bufi2)
bufi2) < buf(2) +y - bufi1)
buf(1) « buf(1) + & - bafid)
buf(0) < 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)) + a - buf{mod(y, 5))
bufimod(y — 2, 5)) < buf(mod(y — 2, 5)) + B - buflmod(y — 1, 5))
buflmod(y — 3, 5)) < buf(mod(y — 3, 5)) +vy - buf(mod(y — 2, 5))
buf(imod(y — 4, 5)) <— bufimod(y — 4, 5)) + & - bufimod(y — 3, 5))

mod(tey,, 2) =0

—>
bufimod(y —4, 5)) « ]l< - bufimod(y - 4, 5))
J buflmod(y, 5)) < bufimod(y,5)) + 2a. - buf (mod(y —A,5))
N bufimod(y — 1, 5)) < buflmod(y — 1, 5)) + B - bufimad(y;~ 2, 5))
v <tcp, —tcy,— 1 0 »  bufimod(y — 2, 5)) < bufimod(y — 2, 5)) + 7 - bufimod(y — 3, 5))
buf(imod(y — 3, 5)) « bufimod(y — 3, 5)) + & - biuf{niod(y — 4, 5))
Yes bufimod(y — 4, 5)) «K- bufimody'>4, 5))
l 4

buf(mod(y, 5)) < bufimod(y,5)) + o - bufimod(y — 1, 5)) Done
bufimod(y — 1, 5)) < bufimod(yv — 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)) < bufimod(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 illustrgted in Figure J.9, the RB, VERT 2 procedure modifies the coefficients in buf(i, j).
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RB_VERT 2

bufimod(y — 1, 5)) <« bufimod(y — 1, 5)) + « - buf(mod(y, 5))
bufimod(y — 2, 5)) < buflmod(y — 2, 5)) + B - buf(mod(y — 1, 5))
bufimod(y — 3, 5)) < buflimod(y — 3, 5)) +v - bufimod(y — 2, 5))
Yes o bufimod(y — 4, 5)) « bufimod(y — 4, 5)) + & - bufimod(y — 3, 5))

mod(tcy,, 2) =0

No bufimod(y — 4, 5)) « }{  bufimod(y — 4, 5))

|

y

/‘ bufimod(y, 5)) < buf(mod(y, 5)) Pa~ bufimod(y — 1, 5)
Y buflmod(y — 1, 5)) < bufimod(y 1,,5)) + B - bufimod(y — 2| 5))

> bufimod(y — 2, 5)) < bufimod(€,/,2, 5)) + vy - bufimod(y — 3| 5))
bufimod(y — 3, 5)) < bufimed(y— 3, 5)) + & + buf(mod(y — 4{ 5))

No buf(mod(y — 4-5))4—K + bufimod(y — 4, 5))
uflmod(y, 5)) < bufimod(y, 5)) + 2a - bufimod(y — 1, 5)) r
bufilmod(y — 1, 5)) <= bufimod(y — 1, 5)) + B - buf{imod(y — 2,5))
bufimod(y — 2, 5)) < bufimod(y — 2, 5)) + v - buf(mod(y — 3, 59) Done

bufimod(y — 3, 5)) < bufimod(y — 3, 5)) + & - bufimod(y~%, 5))
bufimod(y — 4, 5)) <K - bufimod(y — 4, 5))

T.800([19)_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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mod(tcy, 2) = 0 LS

bufimod(y — 1, 5)) < buf(mod(y — 1, 5)) + 2P - bufimod(y — 2, 5))
buflmod(y — 2, 5)) « bufimod(y -2, 5)) +7v - bufimod(y — 3, 5))
buf(mod(y — 3, 5)) < buflmod(y — 3, 5)) + 6 - bufimod(y — 4, 5))

bufimod(y — 4, 5)) « K - bufimod(y — 4, 5))

Rec. ITU-T T.800 (V4) (07/2024)

No ¢
bufimod(y — 2, 5)) <— bufimod(y — 2, 5)) + B - buf(mod(y — 1, 5)) ; B
bufimod(y — 3, 5)) < buftmod(y — 3, 5)) +7 - bufimod(y — 2, 5)) i mod(y—4,3)
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Figure J.10 — The END _1 procedure
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