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members of ISO or IEC participate in the development of International Standards through technical
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INTERNATIONAL STANDARD ISO/IEC 15444-1
RECOMMENDATION ITU-T T.800

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

Summary

9 (E)

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

for

Thi

Thi

]

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

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 ifnage data;
—  specifies a file format;
—  provides guidance on encoding processes for converting source image data to compressed image da

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

edition includes the following changes relative to the previous edition:
—  addition of Profile marker segment;
— addition of Extended capabilities marker segment;
— addition of Table A.55 to indicate valid Profile number yalues;
— clarification of Table A.13 and Table A.19, making itexplicit that some MSBs are reserved for futyl

—  updating of Table A.10 to indicate that the Profile miarker segment is used to indicate the Profile to
the codestream conforms.

NOTE — As this specification was first published as commonstext only after ISO/IEC JTC1 had approved the first edition i

fISO/IEC 15444-1.

8
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n 2000,

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

History
Edjtion Recommendation Approval  Study Group Unique ID*
1.0 ITU-T T.800 2002-08-29 16 11.1002/1000/5281
1.1 ITU-T T.800 42002) Amd. 1 ~ 2005-09-13 16 11.1002/1000/8576
12 ITU-T T.860%2002) Cor.1 ~ 2007-01-13 16 11.1002/1000/9048
13 ITU-T 1.800 (2002) Cor.2  2007-08-29 16 11.1002/1000/9231
14 ITU-T.T.800 (2002) Amd. 2  2009-03-16 16 11.1002/1000/9719
1.5 [TU-T T.800 (2002) Amd. 3  2010-06-22 16 11.1002/1000/11002
1.6 ITU-T T.800 (2002) Amd. 4 2011-05-14 16 11.1002/1000/11313
17 ITU-T T.800 (2002) Amd. 5 2012-01-13 16 11.1002/1000/11469
R ITLI-T TR0 (2002) Amd 6 2013-03-16 16 11 .1002/1000/118K2
1.9 ITU-T T.800 (2002) Cor.3  2014-10-14 16 11.1002/1000/12301
1.10 ITU-T T.800 (2002) Cor.4 2014-10-14 16 11.1002/1000/12302
1.11 ITU-T T.800 (2002) Amd. 7 2014-10-14 16 11.1002/1000/12300
2.0 ITU-T T.800 2015-11-29 16 11.1002/1000/12682
3.0 ITU-T T.800 (V3) 2019-06-13 16 11.1002/1000/13911

To access the Recommendation, type the URL http://handle.itu.int/ in the address field of your web browser, followed by the
Recommendation's unique ID. For example, http://handle.itu.int/11.1002/1000/11830-en.

© ISO/IEC 2019 - All rights reserved

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


http://handle.itu.int/11.1002/1000/5281
http://handle.itu.int/11.1002/1000/8576
http://handle.itu.int/11.1002/1000/9048
http://handle.itu.int/11.1002/1000/9231
http://handle.itu.int/11.1002/1000/9719
http://handle.itu.int/11.1002/1000/11002
http://handle.itu.int/11.1002/1000/11313
http://handle.itu.int/11.1002/1000/11469
http://handle.itu.int/11.1002/1000/11882
http://handle.itu.int/11.1002/1000/12301
http://handle.itu.int/11.1002/1000/12302
http://handle.itu.int/11.1002/1000/12300
http://handle.itu.int/11.1002/1000/12682
http://handle.itu.int/11.1002/1000/13911
http://handle.itu.int/11.1002/1000/11830-en
https://standardsiso.com/api/?name=cd5a816c278deb2177f24c99c1beea76

ISO/IEC 15444-1:2019 (E)

FOREWORD

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

The World Telecommunication Standardization Assembly (WTSA), which meets every four years, establishes
the topics for study by the ITU-T study groups which, in turn, produce Recommendations on these topics.
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his Recommendation, the expression "Administration" is used for conciseness to indicate bo|
ommunication administration and a recognized operating agency,

Ipliance with this Recommendation is voluntary. However{«the Recommendation may contain ce
datory provisions (to ensure, e.g., interoperability, or: applicability) and compliance with
mmendation is achieved when all of these mandatory provisions are met. The words "shall" or
I obligatory language such as "must" and the negative equivalents are used to express requirements.
pf such words does not suggest that compliance with the Recommendation is required of any party.
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

1

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

Scope

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

This

o o 7

2

The

cons
were
Recd
of th
Inter
ITUA

2.1

Recommendation | International Standard:

— Specilics decoding processes 10r convertng compressed image data to reconsirucied image data;

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

—  specifies a file format;

—  provides guidance on encoding processes for converting source image data to compressed image dat

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

OTE — As this specification was first published as common text only after ISO/IEC JTC1 had approved-the first edition in
Hition numbers in the ITU and ISO/IEC versions are offset by one. This is the third edition of ITU=T T.800 and the fourth e
f ISO/IEC 15444-1.
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following Recommendations and International Standards contain provisions which, through reference in this
itute provisions of this Recommendation | International Standard. At the time of publication, the editions indi
valid. All Recommendations and Standards are subject to reviSion, and parties to agreements based onj
mmendation | International Standard are encouraged to investigate the possibility of applying the most recent ed
e Recommendations and Standards listed below. Members,of IEC and ISO maintain registers of currently

hational Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of currently

T Recommendations.

Identical Recommendations | International Standards

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

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

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

—  Recomméndation ITU-T T.86 (1998) | ISO/IEC 10918-4:1999, Information technology — D
compression and coding of continuous-tone still images: Registration of JPEG Profiles, SPIFF Pro
SPIFE~Tags, SPIFF colour Spaces, APPn Markers, SPIFF Compression types and Registr
Authorities (REGAUT).

—~_~ Recommendation ITU-T T.87 (1998) | ISO/IEC 14495-1:2000, Lossless and near-lossless compressi
continuous-tone still images — Baseline.
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—  Recommendation ITU-T T.8R (2000) | ISO/TEC 14492:2001, Information technology — Lossy/lo

sless
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coding of bi-level images.

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

image coding system: Wireless.

—  ISO/IEC 646:1991, Information technology — ISO 7-bit coded character set for information interchange.
—  ISO 8859-15:1999, Information technology — 8-bit single-byte coded graphic character sets — Part 15:

Latin alphabet No. 9.

Additional references

—  Recommendation ITU-R BT.601-6 (2007), Studio encoding parameters of digital television
standard 4:3 and wide screen 16:9 aspect ratios.
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—  Recommendation ITU-R BT.709-5 (2002), Parameter values for the HDTV standards for production and
international programme exchange.

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

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

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

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

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

— IS0 26428-1:2008, Digital cinema (D-cinema) distribution master — Part 1: Image charactéristics.
— ISO/IEC 11578:1996, Information technology — Open Systems Interconnection — Remote Procedure |Call.

3 Definitions

For the purposes of this Recommendation | International Standard, the following definitionS,apply:

31 Lx, 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 § taps in the low-pass and 3 taps in the high-pass.

34 9-7 irreversible filter: A particular filter pair used in thewavelet transformation. This irreversible filtef pair
has 9 taps in the low-pass and 7 taps in the high-pass.

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

and yice versa (decoding).

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

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

3.10 bit-plane: A two dimensional array of bits. In this Recommendation | International Standard a bit-plane refers
to all the bits of the same. magnitude in all coefficients or samples. This could refer to a bit-plane in a compopent,
tile-djomponent, 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 in¢lude
the markers or marker segments in the main and tile-part headers or the EOC marker. It does include any packet hegders
and in-stream 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 signifi¢ant.

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

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

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

3.16 byte: Eight bits.

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

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

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

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

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

3.23 coding pass: A complete pass through a code-block where the appropriate 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 example, 4 red
chanhel or a greyscale channel would be a colour channel.

3.26 component: A two-dimensional array of samples. An image typicallycconsists of several componentd, for
instapce, representing red, green and blue.

3.27 compressed image data: Part or all of a bit stream. It can also refer t6 a collection of bit streams in part pr all
of a ¢odestream.

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 the prgsent
coefficient.

3.30 context label: The arbitrary index used to distinguish different context values. The labels are used|as a
convenience of notation rather than being normative.

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

recomstructed image.

3.34 decomposition level: A ¢ollection of wavelet sub-bands where each coefficient has the same spatial impdct or
span| with respect to the source component samples. These include the HL, LH and HH sub-bands of the samd two
dimgnsional sub-band decdmposition. 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 information gbout
beginning and endifig-points of structures in the codestream.

3.36 discrete'wavelet transformation (DWT): A transformation that iteratively transforms one signal into two or
morg filtered'and decimated signals corresponding to different frequency bands. This transformation operates on spatially
discrete samples.

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

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

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

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

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

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

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

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

3 fa ] £ 11 "
3.47 Hiagc. 11T STl U1 dll COILIPUIICIITS.

3.48 image area: A rectangular part of the reference grid, registered by offsets from the origin and the extent df the
referpnce grid.

3.49 image area offset: The number of reference grid points down and to the right of the reference.grid origin where
the grigin 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 eithdr the
sour¢e image data or the reconstructed image data.

3.51 in-bit-stream markers and in-bit-stream marker segments: Markers and marker segments that provide ferror
resilience functionality.

3.52 informational markers and informational marker segments: Markers and marker segments that fpffer
ancillary information.

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

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

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

3.56 JPEG: Used to refer globally to the en€oding and decoding process of the following Recommendatipns |
Interhational Standards:

—  Rec. ITU-T T.81 | ISO/IEC A0918-1;
—  Rec. ITU-T T.83 | ISO/IEC.10918-2;
—  Rec. ITU-T T.84 | ISOAEC 10918-3;
—  Rec. ITU-T T.86 NISO/IEC 10918-4.

3.57 JPEG 2000: Used to refer globally to the encoding and decoding processes in this Recommendatjon |
Interpational Standard afid,their embodiment in applications.

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

9

3.59 LIs;sub-band: The sub-band obtained by forward horizontal low-pass filtering and vertical low-pass filtdring.
This|sub<band contributes to reconstruction with inverse vertical low-pass filtering and horizontal low-pass filtering.

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

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

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

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

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

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

one precinct of one resolution level of one tile-component.

3.69 packet header: Portion of the packet that contains the signalling necessary for decoding that packet.

3.70 pointer markers and pointer marker segments: Markers and marker segments that offer informatieingbout
the lpcation of structures in the codestream.

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

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

3.73 progression: The order of a codestream where the decoding of each successive bit contributes to a "bgtter"
recomstruction of the image. What metrics make the reconstruction "better" is a function/of the application. Jome
exanpples of progression are increasing resolution or improved sample fidelity.

3.74 quantization: A method of reducing the precision of the individual coeffigients to reduce the number of bits
used|to entropy-code them. This is equivalent to division while compressingand multiplying while decompressing.
Quanptization can be achieved by an explicit operation with a given quantizationwalue or by dropping (truncating) cqding
pass¢s from the codestream.

3.75 raster order: A particular sequential order of data of any typéswithin an array. The raster order starts with the
top left data point and moves to the immediate right data point, and-so'on, to the end of the row. After the end of thq row
is redched the next data point in the sequence is the left-most data;point immediately below the current row. This ordler is
continued to the end of the array.

3.76 reconstructed image: An image that is the output of a decoder.

3.77 reconstructed sample: A sample reconstructed by the decoder. This always equals the original sample yalue
in logsless 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.
Examples include components and tiles.

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

3.80 region of interest (RQI); A collections of coefficients that are considered of particular relevance by some pser-
defirjed measure.

3.81 resolution level:\Equivalent to the decomposition level with one exception: the LL sub-band is also a sepprate
resolution level.

3.82 reversible: A transformation, progression, system or other process that does not suffer a systemlc or
quanftization ertop and therefore, allows lossless signal recovery.

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

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

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

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

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

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

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

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

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

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

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

As theFP2-frtccomtams oty @ contiguoussequence-of-boxes; theHP2frteTsTtsetf comstderedasuperbox—Whremusgd as
part pf 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 dlefined by a width and height. The tiles which overlap are used to define tile-components.

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

inclydes at 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 codestpeam
that glescribe the tile-part coding parameters.

3.101 tile-part index: The index of the current tile-part ranging from zeto to the number of tile-parts minus ong in a
given tile.

3.102  transformation: A mathematical mapping from one signal’space to another.
3.108  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 purposes of this Recommendation | International Standard, the following abbreviations apply:

1D-DWT One-dimensional Discrete Wavelet Transformation

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

CPRL Gomponent, Position, Resolution and Layer data packet progression order within a tile

CSF Contrast Sensitivity Function

DCP Digital Cinema Package

FDWT Forward Discrete Wavelet Transformation

FE€ Forward Error Correction

ICC International Color Consortium

ICT Irreversible Component Transform

IDWT Inverse Discrete Wavelet Transformation

IEC International Electrotechnical Commission

ISO International Organization for Standardization

ITTF Information Technology Task Force

ITU International Telecommunication Union

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

JURA JPEG Utilities Registration Authority

LRCP Layer, Resolution, Component and Position data packet progression order within a tile

LSB Least Significant Bit

MSB Most Significant Bit

MSE Mean Squared Error

PCRL Position, Component, Resolution and Layer data packet progression order within a tile

PCS Profile Connection Space

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

ucCs Universal Character Set

URI Uniform Resource Identifier

URL Uniform Resource Locator

UTF-8 UCS Transformation Format 8

UUID Universal Unique Identifier

XML Extensible Markup Language

W3C Worldwide web Consortium

4.2 Symbols

For the purposes of this Recommendation | Internatienal Standard, the following symbols apply:

0x---- Denotes a hexadecimal number

\nnn A three-digit numbér preceded by a backslash indicates the value of a single byte within a
character string, where the three digits specify the octal value of that byte

€p Exponent ©fjthe quantization value for a sub-band defined in QCD and QCC

Hp Mantissa of the quantization value for a sub-band defined in QCD and QCC

My Maximum number of bit-planes coded in a given code-block

Np Number of decomposition levels as defined in COD and COC

Ry 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 Comment marker

CRG Component registration marker

EPH End of packet header marker

EOC End of codestream marker

PLM Packet length, main header marker

PLT Packet length, tile-part header marker

POC Progression order change marker

PPM Packed packet headers, main header marker
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mechanisms for locating and extracting portions of the compressed image data for thepurpose of retransmission, sto
displiay or editing. This access allows storage and retrieval of compressed image data-appropriate for a given applicd

with
The

extract image data from the compressed image data to form a reconstsucted image with a lower resolution or 1
precision, or regions of the original image. This allows the matching of a‘codestream to the transmission channel, st

devi
code

Thug, the sophisticated features of this Recommendation | International Standard allow a single codestream to be

effic

for the smallest image display device, for example.

Ing

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

entit

respgctively). The splitting of an entity intd other entities in the same domain (e.g., component to tile-componen|

desc

5.1
Ther

PPT Packed packet headers, tile-part header marker
PRF Profile marker

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

SIZ Image and tile size marker

SOC Start of codestream marker

SOP Start of packet marker

SOD Start of data marker

SOT Start of tile-part marker

TLM Tile-part lengths marker

General description

Recommendation | International Standard describes an image compression system that allows great flexibility
for the compression of images, but also for the access into the codestream. The cod€stream provides a numb

ut decoding.

Hivision of both the original image data and the compressed image data‘in a number of ways leads to the abili

e or display device, regardless of the size, number of components and sample precision of the original image
stream can be manipulated without decoding to achieve a moreefficient arrangement for a given application.

ently by a number of applications. The largest imagesource devices can provide a codestream that is easily procg

eneral, this Recommendation | International “Standard deals with three domains: spatial (samples), transfo
es (e.g., code-block or packet) have meaning in only one domain (e.g., transformed or compressed image

ibed separately for each of the domains.

Purpose

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

—  EncodériyAn embodiment of an encoding process. An encoder takes as input digital source image dat
parameter specifications, and by means of a set of procedures generates as output a codestream.

— Decoder: An embodiment of a decoding process. A decoder takes as input compressed image dat3
parameter specifications, and by means of a specified set of procedures generates as output d
reconstructed image data.

—  Codestream syntax: A representation of the compressed image data that includes all parar
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5.2

specifications required by the decoding process.

—  Optional file format: The optional file format is for exchange between application environments.
codestream can be used by other file formats or stand-alone without this file format.

Codestream

The

The codestream is a linear stream of bits from the first bit to the last bit. For convenience, it can be divided into (8-bit)
bytes, starting with the first bit of the codestream, with the "earlier" bit in a byte viewed as the most significant bit of the
byte when given e.g., a hexadecimal representation. This byte stream may be divided into groups of consecutive bytes.
The hexadecimal value representation is sometimes implicitly assumed in the text when describing bytes or a group of
bytes that do not have a "natural" numeric value representation.
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53 Coding principles

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

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

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

The image components may be divided into tiles. These tile-components are rectangular arrays that relate to the same
portl jul Uf Cabll Uft}lc bUlll}JUllClltb tllat lllal\c LlP tllc illldsc. T}lub, tl}illé Uf tllC illldsc abtuaﬂy Ul Udtcb tilC‘bUllllJUllcllt tha,t
can pe extracted or decoded independently of each other. This tile independence provides one of the methedp for
extracting a region of the image (see Annex B).

The (tile-components are decomposed into different decomposition levels using a wavelet transfotmation. These
decomposition levels contain a number of sub-bands populated with coefficients that describe the horizental and veftical
spatipl frequency characteristics of the original tile-components. The coefficients provide frequency,information abput a
locall area, rather than across the entire image like the Fourier transformation. That is, a small\aumber of coefficiients
completely describe a single sample. A decomposition level is related to the next decomposition level by a spatial fhctor
of two. That is, each successive decomposition level of the sub-bands has approximatelyhalfthe horizontal and half the
vertifal resolution of the previous one. Images of lower resolution than the original are genérated by decoding a selgcted
subsgt of these sub-bands (see Annex F).

Althpugh there are as many coefficients as there are samples, the information content tends to be concentrated in jjst a
few poefficients. Through quantization, the information content of a large’number of small-magnitude coefficients is
further reduced (Annex E). Additional processing by the entropy coder reduces the number of bits required to repr¢sent
thesq quantized coefficients, sometimes significantly compared to the otiginal image (see Annexes C, D and B).

—1 P Codestream syntax (Annex A) —
v .
&
ROI E
(Annex H) 2
3
=
£ 5
2 h 4 h 4 h 4 v h 4 =
z T
3 =
< 1 1 ~ =
© Data ordering Arlthmctlc ‘Coefﬁue.m Quantization Transformation DC, comp- £
—p (Annex B) — coding ~— bit modelling — (Annex E) — (Annex F) — transformation —p 2
(Annex C) (Annex D) (Annex G) z
3
=
—1> File format (optional, Annex I) —
T.800(19) F§-1

Figure 5-1 — Specification block diagram

The [iddividual sub-bands of a tile-component are further divided into code-blocks. These rectangular arrays of
coeffrerentscambeextracted-dependentty—Tthetmdrvduat-brt=plaresof thecoeffrerents macode=btockarecoded with
three coding passes. Each of these coding passes collects contextual information about the bit-plane compressed image
data (see Annex D). An arithmetic coder uses this contextual information, and its internal state, to decode a compressed
bit stream (see Annex C.) Different termination mechanisms allow different levels of independent extraction of this coding
pass compressed image data.

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

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

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

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

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

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

The codestream relating to a tile organized in packets, are arranged in one or more tile-parts. A tile-part header, comprised
of a series of markers and marker segments, contains information about the various mechanisms and coding styles that

: i R he-enti nisa
it the

origihal image (see Annex A).

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

In reyiew, 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 gf the
original or reconstructed image.

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

—  The sub-bands of coefficients are quantized and collected intorectangular arrays of code-blocks.
—  Each bit-plane of the coefficients in a code-block is entrgpy~coded in three types of coding passes.

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

At this point the image data is fully converted to compressed image data. The procedures that reassemble these bit stfeam
unitg into the codestream are the following:

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

—  Packets are composed compressed image data from one precinct of a single layer of a single resolfition
level of a single tile-component. The'packets are the basic unit of the compressed image data.

A

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

—  The codestream has a.main header at the beginning that describes the original image and the vafious
decomposition and ¢oding styles.

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

6 Encodér requirements

An epcoding progess converts source image data to compressed image data. Annexes A, B, C, D, E, F, G and H desfribe
the epcoding process. All encoding processes are specified informatively.

An gnCoder is an embodiment of the encoding process. In order to conform to this Recommendation | Internatjonal
Stan 1dld, dll CllbUL‘lCl b‘lldii COIIVCIT SOUICC iluagc L‘ldld [18) LUlIl[JICbbCL‘I iulagc L‘ldld. lildL LUllfUIlIl o L‘IIC bUL‘leLICdlll DY ntax
specified in Annex A.

7 Decoder requirements

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

A decoder is an embodiment of the decoding process. In order to conform to this Recommendation | International
Standard, a decoder shall convert all, or specific parts of, any compressed image data that conform to the codestream
syntax specified in Annex A to a reconstructed image.
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There is no normative or required implementation for the encoder or decoder. In some cases, the descriptions use particular
implementation techniques for illustrative purposes only.

7.1 Codestream syntax requirements

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

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

7.2 [ Optional fite format requirements

Anngx 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 Recommendafion |
Interhational Standard.

8 Implementation requirements

Therp is no normative or required implementation for this Recommendation | International Standard. In some caseg, the
desctiptions use particular implementation techniques for illustrative purposes onlyz

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

Codestream syntax

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

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

This annex specifies the marker and marker segment syntax and semantics defined by this Recommendation | International
Standard. These markers and marker segments provide codestream information for this Recommendation | International
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fications that include this Recommendation | International Standard as a normative reference.

Recommendation | International Standard does not include a definition of compliance or conformance. The-parar
s of the syntax described in this annex are not intended to portray the capabilities required to be compliant.

Markers, marker segments and headers

Recommendation | International Standard uses markers and marker segments to delimit,and signal the character
e source image and codestream. This set of markers and marker segments is the minimal information need
ve the features of this Recommendation | International Standard and is not a file format. A minimal file forn
ed in Annex 1.

and tile-part headers are collections of markers and marker segments. The main header is found at the beginni
pdestream. The tile-part headers are found at the beginning of each tile-part’(see below). Some markers and m
ents are restricted to only one of the two types of headers while otherS'can be found in either.

y marker is two bytes long. The first byte consists of a single OXEE byte. The second byte denotes the specific m:
Can have any value in the range 0x01 to OxFE. Many of these markers are already used in Rec. ITU-T T
[EC 10918-1 and Rec. ITU-T T.84 | ISO/IEC 10918-3 and shall be regarded as reserved unless specifically use

hrker segment includes a marker and associated parameters, called marker segment parameters. In every m
ent the first two bytes after the marker shall be anainsigned value that denotes the length in bytes of the m
ent parameters (including the two bytes of this length parameter but not the two bytes of the marker itself). Wi
er segment that is not specified in this Recommendation | International Standard appears in a codestream, the deq
use the length parameter to discard the marker segment.

| Types of markers and marker segments

mational. Delimiting markers and marker segments are used to frame the main and tile-part headers an
ream data. Fixed information)marker segments give required information about the image. The location of
er segments, like delimiting marker and marker segments, is specified. Functional marker segments are us
ibe the coding functions used. In-bit-stream markers and marker segments are used for error resilience. Pd
er segments provideSpecific offsets in the bit stream. Informational marker segments provide ancillary informa

2 Syntaxsimilarity with Rec. ITU-T T.81 | ISO/IEC 10918-1

marker(range OxFF30 to OXFF3F is reserved by this Recommendation | International Standard for markers wi

marK

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

marker andumarker segment syntax uses the same construction as defined in Rec. ITU-T T.81 | ISO/IEC 10918}1.
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ef-segment parameters. Table A.1 shows in which specification these markers and marker segments are define

12

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


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

ISO/IEC 15444-1:2019 (E)

Table A.1 — Marker definitions

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

A.1.3

Marker and marker segment and codestream rules

A.l14
Each

NOTE — The markers in the range 0xFF30 to OxEF3F may be used by future extensions. They may or may not be skipped
dpcoder without ramification.

Key to graphical descriptions (informative)

marker segment is described.ifiterms of its function, usage and length. The function describes the inform
contjined in the marker segment-~The usage describes the logical location and frequency of this marker segment i
codeptream. The length describeswhich parameters determine the length of the marker segment.

Marker segments, and therefore the main and tile-part headers, are a multiple of 8 bits (onénl
Furthermore, the bit stream data between the headers and before the EOC marker (see A.4.4)qatepal
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.

All marker segments in the main header apply to the whole image unless specifically overridde
markers or marker segments in a tile-part header.

yte).
dded

n by

Delimiting and fixed information marker and marker segments must appgar, at specific points i the

codestream.

The marker segments shall correctly describe the image as represented by the codestream. If truncd
alteration or editing of the codestream has been performed, the mapker segments shall be updatq
necessary.

All parameter values in marker segments are big-endian.

Marker segments can appear in any order in a given header. Exceptions are the delimiting markers
marker segments and the fixed information marker segments.

All markers with the marker code between 0xFF30 and 0xFF3F have no marker segment parameters.
shall be skipped by the decoder.

tion,
d, if

and

Chey

Some marker segments have values assigned-to groups of bits within a parameter. In some cases there are

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

shall

by a

ation
n the

These descriptions are followed by a figure that shows the order and relationship of the parameters in the marker segmpent.

Figufe A.1 shows an exammple of this type of figure. The marker segments are designated by the three-letter code g
marler associated with/the marker segment. The parameter symbols have capital letter designations followed b
marKer's symbol in.lower-case letters. A rectangle is used to indicate a parameter's location in the marker segment
width of the réctangle is proportional to the number of bytes of the parameter. A shaded rectangle (diagonal st
indidates thatthe parameter is of varying size. Two parameters with superscripts and a grey area between them indid
run qf several of these parameters.

f the
i the
The
ipes)
ate a
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Variable-size parameter

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

A2 Information in the marker segments

Tablg A.2 lists the markers specified in this Recommendation | International Standard. Table A.3 shows a list of which

inforjmation is provided by which marker and marker segments.

Table A.2 — List of markers and marker segments
Symbol Code Main header Tile-part headdr
Deljmiting markers and marker segments
Start of codestream SOC OxFF4F required? not allowed
Staxlt of tile-part SOT 0xFF90 not allowed required
Staift of data SOD 0xFF93 not allowed last marker
End of codestream EOC 0xFED9 not allowed not allowed
Fix¢d information marker segments
Imajge and tile size S1Z OxFF51 required not allowed
Profile PRF 0xFF56 optional not allowed
Extgnded capabilities CAP 0xFF50 optional not allowed
Furctional marker segments
Coding style default COD O0xFF52 required optional
Coding style component CcocC 0xFF53 optional optional
Regdion-of-interest RGN OxFF5SE optional optional
Qudntization default QCD OxFF5C required optional
Qudntization component QCcC O0xFF5D optional optional
Progression order change? POC OxFFSF optional optional
Pointer marker segments
Tilg-part lengths TLM OxFF55 optional not allowed
Packet length, main headet PLM O0xFF57 optional not allowed
Packet length, tile-partheader PLT 0xFF58 not allowed optional
Packed packet headefs, main header® PPM 0xFF60 optional not allowed
Packed packethieaders, tile-part header® PPT 0xFF61 not allowed optional
In-bit-stream markers and marker segments
Stait of packet SOP 0xFF91 not allowed not allowed in
T tile-part header
optional in-bit stream
End of packet header EPH 0xFF92 optional inside optional inside PPT
PPM marker marker segment or
segment in-bit stream

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

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

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

A3
Figu

lines

Figu
tile-f

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 pm"f datalength SOT’ TLM
Progression order
Number of layers COD
Multiple component transformation used
Coding style
Number of decomposition levels
Code-block size
Code-block style oD, COG
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

e A.2 shows the construction‘of the codestream. Figure A.3 shows the main header construction. All of the
show required marker segments. The following markers and marker segments are required to be in a spg
locaffion: SOC, SIZ, SOT, SOD and EOC. The dashed lines show optional or possibly not required marker segm
e A.4 shows the censtruction of the first tile-part header in a given tile. Figure A.5 shows the construction
art header other than‘the first in a tile.

solid
cific
ents.
of a
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SOC Required as the first marker
Main header
main Main header marker segments
SOT Required at the beginning of each tile-part header

Tile-part header T0, TPO Tile 0, tile-part 0 header marker segments

| SOD | Requitedarthe od of Tacih tite-part freader
Tile-part bit stream. Might include SOP and EPH

SOT

Tile-part header

bit stream

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

e

COD Required
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 component

R — POC Required in main or tile for any(progression order changes

- PPM Optional; either PPM of PPT or codestream packet headers required

P TLM Optional

P — PLM Optional,

P —— CRG Optional

- COM Optional

v TB00(19)_FA.3
Eigure A.3 — Construction of the main header
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SOT Required as the first marker segment of every tile-part header
G EEEEEL COD Optional; no more than one COD per tile
[ - COoC Optional; no more than one COC per component
/ %_'.’ L e QCD Optional; no more than one QCD per tile
| §
2
oy - QCC Optional; no more than one QCC per component
B
'Q‘; - RGN Optional; no more than one RGN per component
[
-=
B
E— - ———-—-———- POC Required if any progression order changes different from main PO(
E - -~ PPT Optional; either PPM or PPT or codestream packet headers required
LEEEEEEEEEE PLT Optional
- —-—-—-—- COM Optional
SOD Required as the last marker\segment of every tile-part header
T.800(19)_FA.4

SOT
)
£ D
Z
£
z oo
=
—
e
L
B D
o
-
=
=
R
=
SOD

The COD and COC marker segments and the QCD and QCC marker segments have a hierarchy of usage. This is desi
to allos-tile-components to have dissimilar coding and quantization characteristics with a minimum of signalling.

Figure A.4 — Construction of the first tile-part header of a given tile

POC

COM

T.800(19)_FA5

Figure A.5 — Construction of a non-first tile-part header

Required-as-the first marker segment of every tile-part header

Réquired if any progression order changes different from main PO(

Optional; either PPM or PPT or codestream packet headers required

Optional

Optional

Required as the last marker of every tile-part header

ened

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

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

header.

With the exceptions of the SOC, SOT, SOD, EOC and SIZ markers and marker segments, the marker segments can appear
in any order within the respective headers.
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A4 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.

Ad4.1 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.

Table A.4 — Start of codestream parameter values

Parameter Size (bits) Values

SOC 16 OxFF4F

A4.2 Start of tile-part (SOT)

Fun¢tion: Marks the beginning of a tile-part, the index of its tile and the index of itg tile-part. The tile-parts of a g
tile ghall appear in order (see TPsot) in the codestream. However, tile-parts fromfether tiles may be interleaved i
codeptream. Therefore, the tile-parts from a given tile may not appear contiguously ‘in the codestream.

riven
h the

Usage: Every tile-part header. It shall be the first marker segment in a tile-part header. There shall be at least one ST in
a codestream. There shall be only one SOT per tile-part.
Length: Fixed.
Figufe A.6 depicts the syntax of the SOT marker segment.

SOT | Lsot | Iset 2 2

$0 sQ
Psot & E
T.800(15)_FA6
Figure A.6 — Start of tile-part syntax

SOT:  Marker code. Tablé\A.S shows the sizes and values of the symbol and parameters for a start of tilg-part
marker segment:

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

Isot: 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 i the
¢odestream may contain a 0 for Psot. If the Psot is 0, this tile-part is assumed to contain all datauntil
the EOC marker.

TPsot: Tile-part index. There is a specific order required for decoding tile-parts; this index denotes the prder
from 0. If there is only one tile-part for a tile, then this value is zero. The tile-parts of this tile|shall
appear in the codestream in this order, although not necessarily consecutively.

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

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

specified in this tile-part.

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

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

A4} Start of data (SOD)

Fung¢tion: Indicates the beginning of bit stream data for the current tile-part. The SOD also indicates the end of a tilg-part

headgr.

Usage: Every tile-part header. It shall be the last marker in a tile-part header. Bit-stream data between an SOD an
next[SOT or EOC (end of image) shall be a multiple of 8 bits — the codestream is,padded with bits as needed. There

be at|least one SOD in a codestream. There shall be one SOD per tile-part.

Length: Fixed.

A4.4 End of codestream (EOC)

Fun¢tion: Indicates the end of the codestréam:
NOTE 1 — This marker shares the same.code as the EOI marker in Rec. ITU-T T.81 | ISO/IEC 10918-1.

SOD:

Marker code

Table A.7 — Start of data.parameter values

Parameter

Size\(bits)

Values

SOD

16

0xFF93

Usage: Shall be the last marker in a codestream. There shall be one EOC per codestream.

Length: Fixed.

NOTE 2 — In the case where a file’has been corrupted, it is possible that a decoder could extract much useful compressed i
dhta without encountering an EOC marker.

d the
shall

mage

EOC: Marker code
Table A.8 — End of codestream parameter values
Parameter Size (bits) Values
EOC T6 OXFFDY
AS Fixed information marker segment

The SIZ marker segment describes required information about the image. The SIZ marker segment is required in the main
header immediately after the SOC marker segment. The CAP marker segment may optionally be present in the main
header after the SIZ marker segment and before any other marker segments defined in this Recommendation |
International Standard. The PRF marker segment may optionally be present in the main header after the SIZ marker
segment and the CAP marker segment if present and before any other marker segments defined in this Recommendation
| International Standard.
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A5 Image and tile size (SI1Z)

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.

| | N | | |
| | [ | | |
SIZ | Lsiz | Rsiz Xsiz Ysiz XOsiz YOsiz XTsiz YTsiz
| ‘ N N
Csiz | 3| £| 2 ‘G|
XTOsiz YTOsiz AN = AN G4 -
T.800(19)_FA.7
Figure A.7 — Image and tile size syntax

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

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

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

Rsiz: Denotes capabilities, defined in Table A.l0ythat a decoder needs to properly decode the codestieam.

Xsiz: Width of the reference grid.

Ysiz: Height of the reference grid.

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

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

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

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

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

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

Csiz: Number of components in the image.

Ssiz': Pr€oision (depth) in bits and sign of the ith component samples. The precision is the precision df the
component samples before DC level shifting is performed (i.e., the precision of the original
component samples before any processing is performed). If the component sample values are signed,
then the range of component sample values is —2Osiz! ANDOX7R)-1 < component sample yalue
< 2sizel ANDOXTF)-1 1 There is one occurrence of this parameter for each component. The prder
corresponds to the component's index, starting with zero.

XRsiz T Horizontal separation of a sample of ith component wilh respect 10 The Teterence grid. There 1s 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.
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Table A.9 — Image and tile size parameter values

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

XOsiz 32 0to (232-2)
YOsiz 32 0to (2%2-2)
XTsiz 32 o232 1
YTsiz 32 1to(2%2-1)
XTOsiz 32 0to (2%2-2)
YTOsiz 32 0to (2%2-2)

Csiz 16 1to 16 384

Ssiz! 8 Table A.11
XRsiz! 8 1 to 255
YRsiz! 8 1to255
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Table A.10 — Capability Rsiz parameter

Value (bits)

Capability
MSB LSB
0000 xxxXX XXXX XXXX Codestream conforms to this Recommendation | International Standard
0000 0000 0000 0000 Unrestricted use of capabilities specified in this Recommendation | International Standard
0000 0000 0000 0001 Codestream restricted as described for Profile 0 from Table A.45
0000 0000 0000 0010 Codestream restricted as described for Profile 1 from Table A.45
0000 0000 0000 0011 2k Digital Cinema Profile as specified in Table A.46
0000 0000 0000 0100 4k Digital Cinema Profile as specified in Table A.46
0000 0000 0000 0101 Scalable 2k Digital Cinema Profile as specified in Table A.46
0000 0000 0000 0110 Scalable 4k Digital Cinema Profile as specified in Table A.46
0000 0000 0000 0111 Long-term storage Profile as specified in Table A.46
0000 0001 0000 wwww Broadcast Contribution Single Tile Profile as specified in Table A.48, lower 4 Bits
identify Mainlevel as described in Table A.49
0000 0010 0000 wwww Broadcast Contribution Multi-tile Profile as specified in Table A.48, lower 4 Bits identify
Mainlevel as described in Table A.49
0000 0011 0000 0110 Broadcast Contribution Multi-tile Reversible Profile as spécitied in Table A.48,
Mainlevel 6 as described in Table A.50
0000 0011 0000 0111 Broadcast Contribution Multi-tile Reversible Profile)as specified in Table A.48,
Mainlevel 7 as described in Table A.50
0000 0100 yyyy wwww 2k IMF Single Tile Lossy Profile as specified in Table A.51, lower 8 Bits identify
Sublevel and Mainlevel as specified indI'able A.53 and A.54
0000 0101 yyyy wwww 4k IMF Single Tile Lossy Profile as specified in Table A.51, lower 8 Bits identify
Sublevel and Mainlevel as specified in Table A.53 and A.54
0000 0110 yyyy wwww 8k IMF Single Tile Lossy Profile as specified in Table A.51, lower 8 Bits identify
Sublevel and Mainlevel as'specified in Table A.53 and A.54
0000 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 Table A.53 and A.54
0000 1000 yyyy wwww 4k IMF Single/Multi Tile Reversible Profile as specified in Table A.52, lower 8 Bits
identify Sublevel and Mainlevel as specified in Table A.53 and A.54
0000 1001 yyyy wwww 8k IME Single/Multi Tile Reversible Profile as specified in Table A.52, lower 8 Bits
identify)Sublevel and Mainlevel as specified in Table A.53 and A.54
0000 1111 1111 1111 Rrofile signalled in Profile Marker (Profiles that use only Part 1, other than the profilep
above, are signalled with the combination of this Rsiz value and Profile values in Profjle
Marker).
All other values reserved for future use by ITU-T | ISO/IEC
NOJ'E 1 — The two MSBs.0f Rsiz are used as follows:
¢ |10 —Rec. ITU-T P804 | ISO/IEC 15444-2 capabilities
» |01 — Extendedcapabilities, as identified by a CAP marker segment, not including capabilities specified in Rec. ITU-T T.§p1 |
ISO/IEC 15444-2
* |11 —RecNTU-T T.801 | ISO/IEC 15444-2 capabilities extended via a CAP marker segment
NO[TE 2¢ The bits identified as wwww in this table describe Mainlevel. The bits identified as yyyy in Table A.10 describe Sublgvel.

© ISO/IEC 2019 - All rights reserved
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Table A.11 — Component Ssiz parameter

dj
c

Value (bits)
Component sample precision

MSB LSB

x000 0000 Component sample bit depth = value + 1. From 1 bit deep to 38 bits deep respectively (counting the

tox010 0101 sign bit, if appropriate)?, Ry
0xxXx XXXX Component sample values are unsigned values
1xxxX XXXX Component sample values are signed values
All other values reserved

a) T

he component sample precision is limited by the number of guard bits, quantization, growth of coefficients at each

vV d

U U U OJ £ PDd d d UC olld (. INOl a U U dallQ U OdJ ) y W

CCO PO U U
ding of 38-bit samples.

the

AS.]

Fung
code

Usag

marKer segment defined in this Recommendation | International Standard. The second-most-significant bit in Rsiz

optid
Leng
Figu

P Extended Capabilities (CAP)

tion: Signals that extended capabilities were used to create (and are recommended or requireéd to deco
Stream.

e: Optional. If present, it must be included in the main header after the SIZ marker segment and before any

nally be set to 1 to indicate the presence of the CAP marker segment.
¥th: Variable.

e A.7bis depicts the syntax of the extended capabilities marker segment.

CAP Lcap Pcap / ,Ccapl, Ccap32 .

n
T.800(19)_FA.7bis
Figure A.7bis — Extended capabilities syntax

CAP:  Marker code. Table A.11bis shows the size and values of the symbol and parameters for the exte
capabilities marker segment,

Leap:  Length of the CAP marker segment (not including the marker). Length is given by the follo
formula:

Lcap = 6 + 2n bytes

where 7 i§ the number of 1-bits occurring in Pcap.
Pcap:  32-bit\field with bit fields Pcap!' as indicated in Table A.11ter.

Ccap’: 16-bit” field whose value and meaning are described in extensions of this Recommendat]
International Standard. Ccap' exists if and only if the value of Pcap' is 1.

Table A.11bis — Extended capabilities parameter values

le) a

bther
may

nded

wing

on |

Patameter Size (bits) Value
CAP 16 0xFF50
Lcap 16 8-70
Pcap 32 See Table A.11ter
Ccap' 16 Value and meaning described in extensions of this Recommendation |
International Standard.
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Table A.11ter— Definition of the value of Pcap' parameters

Values (bits)

i
MSB LSB Value of Pcap

b

XXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX Pcap1:b

X

DXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX Pcap2:b

X

XXX XKXXX XXXX XXXX XXXX XXXX XXXX XXXb 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|
is sef to 0 in order to avoid signalling the presence of the CAP marker segment. According to clause A.l;\deq
implpmentations are expected to deal with unrecognized marker segments by using the length parameter to)discar
marKer segment.

Becquse of this possibility, decoders that recognize any of the capabilities that would be indicated,in a CAP m

seg

significant bit in Rsiz. The CAP marker segment always appears before any other marker segments that support exte
capapilities indicated in the CAP marker segment, so that such capabilities will have been indicated to the decoder
to encountering any related marker segments.

If a ¢odestream is created for a use case in which it is desired to deter Rec. ITU-F T800 | ISO/IEC 15444-1 dec
from| attempting to decode a codestream that truly requires capabilities indicated”in the CAP marker segment
codeptream would ordinarily be constructed such that the second-most-significant'bit in Rsiz is set to 1.

A53  Profile (PRF)

Fung¢tion: Signals the profile to which the codestream conforms. Profiles provide limits on the codestream sy

par

To

codeptream if the Rsiz value is in the range 0000 0000 000920000 to 0000 1111 1111 1110.

To

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
marKer segment, but before all other marker segments defined in this Recommendation | International Standard.

Length: Variable

Figure A.7ter depicts the syntax ofithe PRF marker segment.

njent may choose to parse for the CAP marker segment in all codestreams, regardless of the value‘of the second-1

Ieters.
oid the possibility of multiple profiles simultaneouslysbeing signalled, the profile marker shall not appear i

ayoid possible confusion about the uniqueness of Profile Number (PRFnum) indicated within the PRF marker seg

PRF | Lprf | pprf Pprf

T.800(19)_FA.Tter

Figure A.7ter — Profile syntax

RRF: Marker Code. Table A.11quater shows the size and values of the symbol and parameters for the P1
marker segment.

Rsiz
oder
 the

hrker
nost-
nded
prior

ders

| the

mtax
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ment

CAP

ofile

I ¥ - A | Ak | DI 1 " e 1 h 4 A | 1 I h | - - 1 A | Lall - L.

LPI I. LCllélll Ul UIU T'INT" TTIdI'KCUI bCElllCllL \llUl. lllbluulllg UIC 111a1|\51). LUHELI[ |N) élVCll U_y UIC IUIIUWIIIB T0UTI1
Lprf =2 + 2N bytes

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

log, (PRFnum — 4095
N = gZ( 16 ) +1

1la:

Pprfi: Pprfiare 16 bit integers that are used to communicate PRFnum (Profile Number). The last 16 bit word

PprfN shall not be zero.

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

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

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

i=1

Table A.11quater — Profile parameter values

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

A.6 Functional marker segments
These marker segments describe the functions used to code the entire tile, if found in the tile*part header, or image, if
found in the main header.
A.6.1 Coding style default (COD)
Fung¢tion: Describes the coding style, number of decomposition levels and iayering that is the default useq for
compressing all components of an image (if in the main header) or a tile (if in thé\tile-part header). The parameter vhlues
can be overridden for an individual component by a COC marker segment id either the main or tile-part header.
Usage: Main and first tile-part header of a given tile. It shall be one and only one in the main header. Additionally, there
may |be at most one for each tile. If there are multiple tile-parts in a-tile’ and this marker segment is present, it shdll be
foung only in the first tile-part (TPsot = 0).
Wheh used in the main header, the COD marker segment parameter values are used for all tile-components that dp not
have|a corresponding COC marker segment in either the main or tile-part header. When used in the tile-part headler it
overfides the main header COD and COCs and is used fer@ll components in that tile without a corresponding COC marker
segnjent in the tile-part. 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 valu€ of Scod.
Figufe A.8 depicts the syntax of th¢ GOD marker segment.
2 |
COD | Lcod 3 SGeod SPcod
T,800(19)7FA'.B
Figure A.8 — Coding style default syntax
GOD:  Marker code. Table A.12 shows the size and values of the symbol and parameters for the coding(style
default marker segment.
Lcod- L pngﬂq of marker cpgmpnf mbyutes (nr\t inr\]nr“ng the mqr]zpr) The xalue of this pqrqmpi T 1S
determined by the following equation:
12 maximum_precincts
Leod = y . . (A2)
13 + number decomposition levels user-defined precincts

26

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.
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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
Scod 8 Table A.13

SGeod 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 and PRy = 15
0000 Oxx1 Entropy coder with precincts defined below
0000 0x0x No SOP marker segments used
0000 Oxlx SOP marker segments may be used
0000 00xx No EPH marker used
0000 0lxx EPH marker shall be used
All other values reserved

Decqdders may ignore the first, second, third, fourth and fifth most significant bits of Scod, except where extepded
capapilities are signalled via a CAP marker segment and the second most significant bit of Rsiz is set. Accordipgly,
encofers that conform to this Recommendation | Intetnational Standard shall set these bits to 0.

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

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

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

© ISO/IEC 2019 - All I"lghtS reserved Rec. ITU-T T.800 (06/2019) 27
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SGceod

GlH|T

SPcod

4
4
A

T.800(19)_FA.9

Progression order

Number of layers

Multiple component transformation
Number of decomposition levels
Code-block width

Code-block height

Coadadalacl

TpnTmgQw e

Figure A.9 — Coding style parameter diagram of the SGcod and SPcod parameters

Table A.15 — Coding style parameter values of the SPcod and SPcoc parameters

Ciag:
Code-bloelestye

k . Transformation
I through I Precinct size

this indicates precinct width and height. The first parameter (8 bits)
corresponds-to the N.LL sub-band. Each successive parameter
corresponds to each successive resolution level in order.

Payameters (in order) Size (bits) Values Meaning of SPcod values

gurnber Of. 8 0to 32 Number of decomposition levels, Ny Zero implies no transformatiop.
ecpmposition levels

Code-block width 8 Table A.18 | Code-block width exponent pffset value, xcb

Code-block height 8 Table A.18 | Code-block height exponerit offset value, ycb

Code-block style 8 Table A.19 | Style of the code-block-coding passes

Trapsformation 8 Table A.20 | Wavelet transformation used

Pre¢inct size variable Table A.21 | If Scod or Scoc'sxxxx xxx0, this parameter is not present; otherwige

Table A.16 — Progression order for the SGeod, SPcoc and Ppoc parameters

Value (bits)
Progression order
MSB LSB
0000 0000 Layer-resolution level-component-position progression
0000 0001 Resolution level-layer-component-position progression
0000 0010 Resolution level-position-component-layer progression
0000 0011 Position-component-resolution level-layer progression
0000 0100 Component-position-resolution level-layer progression
All other values reserved
Table A.17 — Multiple component transformation for the SGcod parameters
Value (bits)
Multiple component transformation type
MSB LSB
0000 0000 No multiple component transformation specified
0000 0001 Component transformation used on components 0, 1, 2 for coding efficiency (see G.2). Irreversible

component transformation used with the 9-7 irreversible filter. Reversible component transformation
used with the 5-3 reversible filter.

All other values reserved

28 Rec. ITU-T T.800 (06/2019)
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Value (bits)
Code-block width and height
MSB LSB
xxxx 0000 Code-block width and height exponent offset value xch = value + 2 or ycb = value + 2. The code-
to block width and height are limited to powers of two with the minimum size being 22 and the maximum
xxxx 1000 being 2'°. Furthermore, the code-block size is restricted so that xcb + ycb < 12.
All other values reserved
Table A.19 — Code-block style for the SPcod and SPcoc parameters
Value (bits)
Code-block style
MSB LSB

00xx xxx0
00xx xxx1

No selective arithmetic coding bypass
Selective arithmetic coding bypass

00xx xx0x
00xx xx1x

No reset of context probabilities on coding pass boundaries
Reset context probabilities on coding pass boundaries

00xx x0xx
00xx x1lxx

No termination on each coding pass
Termination on each coding pass

00xx 0xxx
00xx 1xxx

No vertically causal context
Vertically causal context

00x0 xxxx
00x1 xxXxx

No predictable termination
Predictable termination

000x xxxx
001x xxXXX

No segmentation symbols are used
Segmentation symbols are used

All other values reserved

Decqders may ignore the first and second most significant bits of SPcod/SPcoc, except where extended capabilitid

S arc

signglled via a CAP marker segment and the second most significant bit of Rsiz is set. Accordingly, encoders that confform
to th]s Recommendation | International Standard shall set thes¢ bits to 0.

NOTE 2 — The first and second most significant bits could:have a value other than 0 due to uses specified in other Recommend
nternational 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

htions

Value (bits)
Precinct 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 2019 - All
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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.

Figu~p A_10 r]pp{r\fc the cynfqv ofthe COC markersegment
=]

COC | Lcoc

g )
S | SPcoc’
7 7

T.800(15) FA.10

Ccoc

Figure A.10 — Coding style component syntax

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

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

9 maximum precincts AND Csiz < 257
10 maximum¢precinets AND Csiz > 257
Lcoc = .. . . (A-3)
10 + number decomposition_levels user—defined precincts AND Csiz < 257
11+ number_decomposition_levels user<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 whigh 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 from tpp to
bottom, in Table A.15. The coding style parameters within the SPcoc field appear in the seqyence
shown in Figure A:11.

ABCDEFi

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
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Table A.22 — Coding style component parameter values

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

A.6.3 Region of interest (RGN)

Fung

Usag

component in the whole image, valid for all tiles except those with an RGN\marker segment.

Wheh used in the tile-part header, the scaling value is valid only for one Gomponent in that tile. There may be at mos

RGN

component which appears in a tile-part header overrides any marker for that component in the main header, for the t
which it appears. If there are multiple tile-parts in a tile, then £his marker segment shall be found only in the first tilg
headgr.

Length: Variable.
Figufe A.12 depicts the syntax of the RGN marker‘segment.

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

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

tion: Signals the presence of an ROI in the codestream.

e: Main and first tile-part header of a given tile. If used in the main header;-it refers to the ROI scaling value fo

one

[ one

marker segment for each component in either the main or tile-partheaders. The RGN marker segment for a particular

=
RGN | Lrgn |2
&)

T.800(15)_FA.12

Srgn

£
20

=»

7

Figure A.12 — Region-of-interest syntax

RGN:  Marker~Code. Table A.24 shows the size and values of the symbol and parameters foj
regiomzof-interest marker segment.

Lrgn: <{Length 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
2, etc.

Srgn:  ROI style for the current ROI. Table A.25 shows the value for the Srgn parameter.

le in
-part

the

0,1,

SPron: Parameter for ROI stvle designated in Sren

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

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

Values ROI style (Srgn)

0 Implicit ROI (maximum shift)

All other values reserved

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

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

Imp

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

A.6.4

Fung
The
tile-g

Usag
one {
be fq

Whe|
orde

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

Leng
Figu

| Quantization default (QCD)

parameter values can be overridden for an individual component by a QCC marker segment in either the ma
art header.

or all tile-part headers of a tile. If there are multiple tile-parts for a tile, and this marker sggiment is present, it
und only in the first tile-part (TPsot = 0).

h used in the tile-part header it overrides the main QCD and the main QCC for the.Specific component. Thus
of precedence is the following:

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

bth: Variable depending on the number of quantized elements.
e A.13 depicts the syntax of the QCD marker segment.
=] = =
QCD | Lged { & & )
(7] [=9} Ay
7 7
T.800(15)_FA.13

Figure A:13 — Quantization default syntax

QCD:  Marker code. Table A.27 shiows the size and values of the symbol and parameters for the quantiz
default marker segment.

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

4+ 3 - number_deomposition levels no_quantiation
Lgdd~= {5 scalar_quatization_derived (
5+ 6-number_deomposition levels scalar_quatization_expounded

where number decomposition_levels is defined in the COD and COC marker segments,
no_quantization, scalar_quantization derived, or scalar _quantization_expounded is signalled i
Sqcd parameter.

32

tion: Describes the quantization default used for compressing all components not defined by a QCC markersegipent.
in or

e: Main and first tile-part header of a given tile. It shall be one and only one in the main header’ At most, it mgy be

shall

, the

ation

er is

A-4)

and
h the

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 numb

ever,

there is not necessarily a correspondence with the number of sub-bands present because the sub-bands can be truncated with

er of

parameters is the same as the number of sub-bands in the tile-component with the greatest number of

decomposition levels.

Rec. ITU-T T.800 (06/2019) © ISO/IEC 2019 - All rights reserve
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Table A.27 — Quantization default parameter values

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

SPqcd variable Table A.28

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

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

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

000x xxxXxX
to
111x xxXxXx

Number of guard bits: 0 to 7

All other values reserved

[able A.29 — Reversible step size values for the SPqed and SPqcc parameters (reversible transform only

Value (bits)
Reyersible step size values
MSB LSB
0000 Oxxx Exponent, g, of the reversible dynamic range signalled for each sub-band (see Equation (E{5))
to
1111 1Ixxx
All other values reserved:

Table A.30 — Quantization values for the. SPqcd and SPqcc parameters (irreversible transformation only

Value (bits)

Quantization step size values
MSB LSB

xxxx x000 0000 0000
to
xxXxx x111 1111 4%1n1

Mantissa, ,,, of the quantization step size value (see Equation (E-3))

0000 0xXXX XXXK AXXX
to
1111 1XXXeXXXX XXXX

Exponent, g, of the quantization step size value (see Equation (E-3))

A.6.5 Quantization component (QCC)

Fung¢tion:Describes the quantization used for compressing a particular component.

Usage: Main and Tirst tile-part header ol a given tile. Optional in both the main and tile-part hcaders. INo more than one
per any given component may be present in either the main or tile-part headers. If there are multiple tile-parts in a tile,
and this marker segment is present, it shall be found only in the first tile-part (TPsot = 0).

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

Tile-part QCC > Tile-part QCD > Main QCC > Main QCD
where the "greater than" sign > means that the greater overrides the lesser marker segment.

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

QCC

Lqcc

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

Parameter Size (bits) Values
QCC 16 0XFF5D
Lqec 16 5to0 199
Cycc 8 0 to 255; if Csiz <257
16 0 to 16 383; Csiz > 257
Sqcce 8 Table A.28
SPqcc variable Table A.28
A.6.6 Progression order change (POC)
Fung¢tion: Describes the bounds and progression order for any progression order other than specified in the COD m

daot - ) 41 £o11 M 4a
UCTCTHITITIICT U Yy UIC TOTTO W TS CH U AtIUTE.

6
Lgcc =

7

5+ 3 - number_decomposition_levels

6 + 6 - number_decomposition_levels

6 + 3 - number_decomposition_levels

7 + 6 - number_decomposition_levels

scalar_quantization derived AND Csiz < 257

no_quantization 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

A-5)

where number decomposition_levels is defined in the COD and COC market, segments, and no_quantizdtion,

scalar_quantization_derived, or scalar_quantization expounded is signalled)in the Sqcc parameter.

NOTE — The Lqcc can be used to determine how many step sizes are present in‘the marker segment. However, there

S not

necessarily a correspondence with the number of sub-bands present because the sub-bands can be truncated with no requir¢gment

to correct this marker segment.

Cqcc:  The index of the component to which this marker.segment relates. The components are indexed

2, etc. (either 8 or 16 bits depending on Csiz value):

Sqce:  Quantization style for this component.

SPqcec’:  Quantization value for each sub-band in the defined order (see F.3.1). The number of paramet

0,1,

bTS 1S

the same as the number of sub-bands inrthe tile-component with the greatest number of decompodition

levels.

Table A.31 — Quantization component parameter values

segnments in the codestream.

hrker

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.

34
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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 L LR vmper | £ 217 2| LYEpoc' 2lel
poc poc 8 5 2 (=9 (=9 poc (=9 &1 g
z |8 = |'C |~ w |'E = |8 |=
T.adac15)jA.1s
Figure A.15 — Progression order change tile syntax

POC: Marker value. Table A.32 shows the size and values of the symbol and parameters for
PrOgIession order change Marker Segment.

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

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

RSpoci: Resolution level index (inclusive) for the start of a progression,”There is one value for|each
progression change in this tile or tile-part. The number of-progression changes can be detived
from the length of the marker segment.

CSpoc': Component index (inclusive) for the start of a progress$ion. The components are indexed 0,|1, 2,
etc. (either 8 or 16 bits depending on Csiz value). Fhere is one value for each progression change
in this tile or tile-part. The number of progression‘changes can be derived from the length qf the
marker segment.

LYEpoc': Layer index (exclusive) for the end of a progression. The layer index always starts at zerp for
every progression. Packets that have alféady been included in the codestream are not included
again. One value for each progression-change in this tile or tile-part. The number of progregsion
changes can be derived from the-length of the marker segment.

REpoci: Resolution level index (exclusive) for the end of a progression. There is one value for|each
progression change in this tile or tile-part. The number of progression changes can be detived
from the length of the mmarker segment.

CEpoci: Component index((exclusive) for the end 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 progression change
in this tile ortile-part. The number of progression changes can be derived from the length qf the
marker segment.

Ppoc’: Progression order. There is one value 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.

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; 1t Csiz <257
16 0 to 16 383; Csiz > 257
LYEpoc' 16 1 to 65 535
REpoc! 8 (RSpoc' + 1) to 33
CEpoc 8 (CSpoci + 1) to 255, 0; if Csiz < 257
16 (CSpoci + 1) to 16 384, 0; Csiz > 257
(0 is interpreted as 256)
Ppoc 8 Table A.16
© ISO/IEC 2019 - All I"lghtS reserved Rec. ITU-T T.800 (06/2019) 35
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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

segn
code]

A7,

Fung
of thi
in th

Usag

Leng
Figu

Stream.

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

i i

Tile-part marker

segments SOD Bit stream

SOT

T.800(19) FA.16

Figure A.16 — Tile-part lengths

| Tile-part lengths (TLM)

tion: Describes the length of every tile-part in the codestream. Each tile-part's length is measured from the first
b SOT marker segment to the end of the bit-stream data of that tile-part,The value of each individual tile-part I¢
e TLM marker segment is the same as the value in the corresponding Rsot in the SOT marker segment.

rth: Variable depending on the number of tile-parts in thé.codestream.
Fe A.17 depicts the syntax of the TLM marker segmént.
TIM | Lim | E4-2 v i Tem" | pm’
Sl & Ttlm Ptlm tim~ {Ptlm
’ T.BOO(15J7FA.1:1'

Figure A.17 — Tile-part length syntax

TLM: Marker codexTable A.33 shows the size and values of the symbol and parameters for the tile
length marker segment.

détermined by the following equation:

4+2-number_of tile parts in_marker segment ST=0AND SP=0
4 +3-number_of tile_parts in_marker segment ST= 1AND SP=0

L 4+ 4-number of tile parts in _marker segment ST=2AND SP=0
m =

36

4+ 4.number of tile patrts. in_marker segment ST=—0Q0AND 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 denot
this marker segment; ST and SP are signalled by Stlm parameter.

- LSS | —l 1 1 DLAL 1L DL T 1 - 1 -1 ] 1 1 £ 1 kDR h
CIILS 4dI'C USCTU 11T lllC'pall Neauacts. THU T'LIVE alll T LT TIIdIRKCT szlllUllLb UCSLUITUU UIU lcllélllb Ul Calll Pabl\cl, u il t (&

byte
ngth

e: Main header. It can be used optionally in the main header pnly."There may be multiple TLM marker segmeits in
the main header.

-part

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

A-7)

ed in

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 (06/2019) © ISO/IEC 2019 - All rights reserved
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A7,
Fung

Usag
and (

Leng
Figu

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

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

Table A.33 — Tile-part length parameter values
Parameter Size (bits) Values
TLM 16 0xFF55
Ltlm 16 6 to 65 535
Ztm 3 0710 255
Stlm 8 Table A.34
Ttlm' 0if ST=0 tiles in order
8ifST=1 0 to 254
16ifST=2 0 to 65 534
Ptlm' 16 ifSP=0 14 to 65 535
32ifSP=1 14 to (22 1)
Table A.34 — Size parameters for Stlm
Value (bits)
Parameter size
MSB LSB
xx00 xxxX ST = 0; Ttlm parameter is 0 bits, only one tile-part per tile and the tiles
are in index order without omission or.repetition
xx01 XxxX ST = 1; Ttlm parameter 8 bits
xx10 XxxX ST = 2; Ttlm parameter 16 bits
X0XX XXXX SP = 0; Ptlm parameter 16 bits
x1xxX XXXX SP = 1; Ptlm parameter.32'bits
All other values reseryed

2 Packet length, main header (PLM)

tion: A list of packet lengths in the tile-parts *for every tile-part in order.

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

e A.18 depicts the syntax of the’PLM marker segment.

e: Main header. There may be multiple REEM marker segments. Both the PLM and PLT marker segments are optjonal
an be used together or separately.

im~ nm |

PLM | Lplm

Zplm

CE n’]’
2| Iplm~ | Iplm
Z P

' &
L Iplm lp}t‘n

T.800(15)_FA.18

Figure A.18 — Packets length, main header syntax

PLM: Marker code. Table A.35 shows the size and values 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.
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Nplm':

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.

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 A35=Packets tength; mainrheader-parameter-—vatues
Parameter Size (bits) Values
PLM 16 0xFF57
Lplm 16 4 to 65 535
Zplm 8 0 to 255
Nplm! 8 0 to 255
Iplm? variable Table A.86
Table A.36 — Iplm, Iplt list of packet lengths
Parameters . . .
(in order) Size (bits) Values Meaning of Iplm or Iplt values
Packet length 8 bits repeated Oxxx xxxx | Last7 bits of packeét length, terminate number®
as necessary 1xxx xxxx | Continue reading®
x000 0000 | 7 bits ofpacket length
to
x111 1111

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

) These are not the last 7 bits that make up the packet Iéngth. Instead, these 7 bits are a portion of those that make up the
packet length. The packet length has been broken into 7-bit segments which are sent in order from the most significant
segment to the least significant segment. Furthermore, the bits in the most significant segment are right justified to the
byte boundary. For example, a packet length, 0f28 is signalled as 1000 0001 0000 0000, while a length of 512 is
signalled as 1000 0100 0000 0000.

A.7.3 Packet length, tile-part header (PLT)
Fung¢tion: A list of packet lengths in-the tile-part.

Usage: Tile-part headers. There may be multiple PLT marker segments per tile. Both the PLM and PLT marker segments
are ojptional and can be used.together or separately. It shall appear in any tile-part header before the packets whose lepgths
are described herein.

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

Figure A.19 depicts'the syntax of the PLT marker segment.

PLT | Lplt | &| Tpit Iplt’

T.800(15)_FA.19

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

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

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

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

The sequence of (Iplt’) parameters from this marker segment is concatenated, in the order of increasing
Zplt, with the sequences of parameters from other marker segments. Every marker segment in this
series shall end with a completed packet header length.
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Iplm':  Length of the ith packet. If packet headers are stored with the packet, this length includes the packet header.
If packet headers are stored in the PPM or PPT, this length does not include the packet header lengths.

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

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

A.7.4 Packed packet headers, main header (PPM)

Fung¢tion: A collection of the packet headers from all tiles.

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

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

The packet headers shall be in only one of three places within the codestream. If the PPM marker segment is preserjt, all
the packet headers shall be found in the main header. In this case, the PPT marker segment and packets distributed in the
bit sfream of the tile-parts are disallowed.

If thgre is no PPM marker segment then the packet headers can be distributed either, in'PPT marker segments or distriuted
in th¢ codestream as defined in B.10. The packet headers shall not be in both a PPT marker segment and the codestfeam
for the same tile. If the packet headers are in PPT marker segments, they shall appear in a tile-part header beforg the
corrgsponding packet data appears (i.e., in the same tile-part header or oné with a lower TPsot value). There mdy be
multjple PPT marker segments in a tile-part header.

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

Figufe A.20 depicts the syntax of the PPM marker segment.

PPM | Lppm Ippm™ > [ Ippm™

Zppm

Ippmnj Ippmnm

N ppmi Nppmn

T.800(15)_FA.20

Figure A.20 & Packed packet headers, main header syntax

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

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

Zppm: Index ofthis marker segment relative to all other PPM marker segments present in the main hepder.
Thecseguence of (Nppm!, Ippm') parameters from this marker segment is concatenated, in order of
increasing Zppm, with the sequences of parameters from other marker segments. The kth entry ipn the
resulting list contains the number of bytes and packet headers for the kth tile-part appearing ih the
codestream.

Every marker segment in this series shall end with a completed packet header. However, the serfes of
Ippm parameters described by the Nppm does not have to be complete in a given marker segment.
Therefore, it is possible that the next PPM marker segment will not have an Nppm parameterT;fter
Zppim, but the continuation of the Ippm series from the [ast 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.
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Table A.38 — Packed packet headers, main header parameter values

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

A.7.5

Packed packet headers, tile-part header (PPT)

Function: A collection of the }'\m‘l(Pf headers from one tile or filp-pm‘r

Usag

The
the p

bit sfream of the tile-parts are disallowed.

If thq
in th
for t
corrg
mult

Leng
Figu

e: Tile-part headers. It shall appear in any tile-part header before the packets whose headers are described here)

backet headers shall be in only one of three places within the codestream. If the PPM marker segment.is preser
acket headers shall be found in the main header. In this case, the PPT marker segment and packets distributed i

re is no PPM marker segment, then the packet headers can be distributed either in PPT marketsegments or distrit
b codestream as defined in B.10. The packet headers shall not be in both a PPT marker segment and the codest
he same tile. If the packet headers are in PPT marker segments, they shall appear iy a-tile-part header befor
sponding packet data appears (i.e., in the same tile-part header or one with a lower”TPsot value). There mg
ple PPT marker segments in a tile-part header.

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

e A.21 depicts the syntax of the PPT marker segment.

7

PPT | Lppt | & Ippt"

TIpptt (

T.800(15)_FA.21

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

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

Lppt:  Length of marker segmentin bytes, not including the marker.

Zppt:  Index of this marker segment relative to all other PPT marker segments present in the current he
The sequence of.(Ippt) parameters from this marker segment is concatenated, in the ord
increasing Zppt, )with the sequences of parameters from other marker segments. Every m
segment in this/series shall end with a completed packet header.

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

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

Table A.39 — Packet header, tile-part headers parameter values
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A.8

Parameter Size (bits) Values
PPT 16 0xFF61
Lppt 16 4 to 65 535
Zppt 8 0 to 255
Ippt variable packet headers

In-bit-stream marker and marker segments

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

A8.1

Start of packet (SOP)

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

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

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

Length: Fixed.

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

SOP Lsop | Nsop

T.800(15)_FA.22

Figure A.22 — Start of packet syntax

SOP: Marker code. Table A.40 shows the size and values of the symbol and parameters 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 isCassigned the value zero. For ¢very

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

Table A.40 — Start of packet parameter values

Parameter Size (bits) Values
SOP 16 0xFF91
Lsop 16 4
Nsop 16 0 to 65 535
A.8.2 End of packet header (EPH)
Fung¢tion: Indicates the end of the packet header for a given packet. This delimits the packet header in the bit stream or
in thg PPM or PPT marker segments. This marker does not denote the beginning of packet data. If packet headers arg not
in-bif stream (i.e., PPM or PPT marker'segments are used), this marker shall not be used in the bit stream.
Usage: Shall be used if and onlyf indicated in the proper COD marker segment (see A.6.1). It appears immediately|after
a pagket header.
If EHH 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. If the packet headers are moved to a PPM or 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.
Length: Fixed<
EPH:  Marker code
Fablte AA4t=Emnmdof packetheader parameter-vathres
Parameter Size (bits) Values
EPH 16 0xFF92
A9 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 2019 - All rights reserved
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A9.1 Component registration (CRG)

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

XRsiz¢[ XOsiz | XRsiz¢ | (likewise for the vertical direction). The horizontal offset denoted in this marker segment is in addition to
this offset.

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

Length-—Veriable-dependinson-the-number-ofcomponents:
Figure A.23 depicts the syntax of the CRG marker segment.

CRG | Lerg Xcrgi YcrgL 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 symboland parameters for the compgnent
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 #ife horizontal separation XRsiz', for tHe ith
component. Thus, values range from 0/65536 (sample occupies its reference grid poinf) to
XRsiz€(65535/65536) (just before the next sample's reference grid point). This value is repeated for
every component.

Yerg:  Value of the vertical offset, in units of 1/65536/0f the vertical separation YRsiz!, for the ith compojnent.
Thus, values range from 0/65536 (sample‘occupies its reference grid point) to YRsiz¢(65535/64536)
(just before the next sample's referene¢ grid point). This value is repeated for every component.

Table A.42 — Component registration parameter values

Parameter Size (bits) Values
CRG 16 0xFF63
Lerg 16 6 to 65 534
Xcfg! 16 0 to 65 535
Yorg! 16 0 to 65 535

A9.2 Comment (COM)
Fung¢tion: Allows tastructured 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-part 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.

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

Ccom': Byte of unstructured data.

Table A.43 — Comment parameter values

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

A.10

In or
of "]
Profi

Max
code

Table A.44 — Registration values for the Rcom parameter

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

Codestream restrictions conforming to this Recommendation | International Standard

der to promote the wide inter-operability of JPEG 2000 codestream, codestream-restrictions are introduced. The;
No Restrictions" meaning conforming to this Recommendation | International Standard can be called Prof
le-0 and Profile-1 are defined as follows.

mum interchange will be achieved for codestreams corresponding” to Profile-0, and medium interchang
streams corresponding to Profile-1.

Table A.45 — Codestream restrictions

case
le-2.

e for

Restrictions

Profile-0

Profile-1

S17]

marker segment

Profile indication Rsiz=1 Rsiz=2
Image size Xsiz, Ysiz < 23! Xsiz, Ysiz < 23!
Tilds Tiles of a dimension 128 x 128: XTsiz / min(XRsiz!, YRsiz) > 1024
YTsiz = XTsiz = 128 XTsiz = YTsiz
or ong tile for the whole image: or one tile for the whole image:
YTsiz+ YTOsiz > Ysiz YTsiz + YTOsiz > Ysiz
XTsiz + XTOsiz > Xsiz XTsiz + XTOsiz > Xsiz
Imafge and tile origin XOsiz = YOsiz = XTOsiz=YTOsiz=0 XOsiz, YOsiz, XTOsiz, YTOsiz < 23!
RGN marker segment SPrgn <37 SPrgn <37

Sub-sampling XRsizi=1,2,0r4 No restriction
YRsiz'=1,2,0r4

Code-blocks

Code-bléckisize xcb =ychb =5 orxch =ycb =16 xch £6,ych <6

Cod

e-block style

SPcod, SPcoc = 00sp vtra

No restriction

wherea=r=v=0,andt,p,s=0orl
NOTE 1 —

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

s = 1 for segmentation symbols

Marker locations

Packed headers (PPM, PPT)

Disallowed

No restriction

COD, COC, QCD, QCC

Main header only

No restriction

Subset requirements

LL resolution

If one tile is used for whole image,
(Xsiz — XOsiz) / D(I) < 128 and

For each tile in the image,
[x1/D(i)] - tx0/D(i)] < 128 and

© ISO/IEC 2019 - All rights reserved

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

43


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

ISO/IEC 15444-1:2019 (E)

Table A.45 — Codestream restrictions

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

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

Preginct size

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

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

No restriction

A.10.1 Codestream restrictions for digital cinema applications including archiving

In addition to the profiles defined in Table A.10, five profiles are defined for digital cinema and archiving applicatio|
detailled in Table A.46. The first two, in the form of Profile-3 and. Rrofile-4, are primarily intended for distributig
addifion, the three profiles listed under profile indication numbers 5 to 7 are intended for archiving and produ
purppses. The two extended scalable profiles (Profile-5 and(Profile-6) are intended to be used for easily acces
archives. The long-term storage profile (Profile-7) is intended for original camera capture or post-production workfl

ns as
n. In
Ction
sible
OWS.
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]

K digital cinema profile

4K digital cinema profile

Scalable 2K digital cinema
profile

Scalable 4K digital.cinema
profile

Long-term storage profile

SIZ marker segment

Profile indication

Rs,Z:?a

Rsiz=4

Rsiz=5

Rsiz=6

Rsiz=7

Image size

Xdiz <= 2048, Ysiz <= 1080

Xsiz <= 4096, Ysiz <= 2160

Xsiz <=2048, Ysiz <= 1080

Xsiz <=4096, Ysiz <= 2160

Xsiz <= 16384, Ysiz <= 8640

Tiles

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

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

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

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

One tile for the whole image
or minimum tile size:

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

Image and tile origin

XPsiz = YOsiz = XTOsiz =
YT1O0siz=0

XOsiz = YOsiz = XTOsiz =
YTOsiz=0

XOsiz = YOsiz = XTOsiz =
YTOsiz=0

XOsiz = YOsiz = XTOsiz =
YTOsiz=0

XOsiz = YOsiz = XTOsiz =
YTOsiz=0

Sub-sampling

XRsiz' = YRsizi = 1

XRsiz = YRsizi = 1

XRsiz' = YRsiz = 1

XRsiz'= YRsiz' = 1

No restriction

Number of components Csjz=3 Csiz=3 Csiz=3 Csiz=3 Csiz<=8
Bitdepth Ssfzi =11 (i.e., 12 bit Ssizi = 11 (i.e., 12 bit Ssiz! =¥ (i.e., 12 bit Ssizi= 11 (i.e., 12 bit No restriction
unpigned) unsigned) unsigned) unsigned)

RGN marker segment

Dipallowed, i.e., no region of
interest

Disallowed, i.e., no region of
interest

Disallowed, i.e., no region of
interest

Disallowed, i.e., no region of
interest

Disallowed, i.e., no region of
interest

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

Coding style Scpd, Scoc = 0000 Oesp, Scod, Scoc = 0000 Oesp) Scod, Scoc = 0000 Oesp, Scod, Scoc = 0000 Oesp, where | Scod, Scoc = 0000 Oesp, where
where p=1, e=0 or e=1, s=0 where p=1, e=0 o e=1,, s=0 where e=s=0, and p=1 e=s=0, and p=1 e=s=1, and p=0 or 1
or =1 or s=1 NOTE — NOTE — NOTE —

NQTE - NOTE - e=0: EPH marker shall not e=0: EPH marker shall not be e: EPH marker shall be used
p={l: precincts defined in p=1: precincts defined in be used used s: SOP marker may be used
SPeodli/SPeocl SPcodli/SPcocl s=0: SOP marker shall not be | s=0: SOP marker shall not bp p: precincts with PPx=15 and
used used PPy=15 or defined in
p=1: precincts defined in p=1: precincts defined in SPcodl/SPcocl’
SPcodl'/SPcocl! SPcodl’/SPcocl!
Progression order CHRL CPRL CPRL CPRL CPRL
Number of layers LAl L=1 L=2 L=2 L<=5
Multiple component transform | Al] component transforms All component transforms All component transforms All component transforms i All component transforms
defined in this defined in this defined in this this Recommendation | defined in this
Recommendation | Recommendation | Recommendation | International Standard may e | Recommendation |

Infernational Standard may
befused:

International Standard may
be used.

International Standard may
be used.

used.

International Standard may be
used.
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Table A.46 — Codestream restrictions for digital cinema applications

2K digital cinema profile

4K digital cinema profile

Scalable 2K digital cinema
profile

Scalable 4K digital.cinema
profile

Long-term storage profile

Number of decomposition
levels

NI <=5

Every component of every
impge of a distribution shall
haye the same number of
wavelet transform levels.
Thie number of deployed
degomposition levels shall
belset accordingly in all
C(OD and COC markers.

1<=NL <=6

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

NL <=5

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:

I<=NL <=6

Every compenent of every
image 6f@ codestream shall
have the same number of
wavelet transform levels.
The number of deployed
decomposition levels shall b)

1]

set accordingly in all COD and

COC markers.

No restriction, with respect to:
(Xsiz-XOsiz)/D(I) <= 64
(Ysiz-YOsiz)/D(I) <= 64

and D(I)=pow(2,NL) for each
component |

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

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

Code-block size

xcb=ycb=5

The corresponding values
shgll be set accordingly in all
deployed COD and COC
mdrkers.

xcb=ycb=5

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

xcb =ycb =5

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

xcb=ycb =5

The corresponding values shall

be set accordingly in all
deployed COD and COC
markers.

xcb <=6, ycb <=6

The corresponding values shall
be set accordingly in all
deployed COD and COC
markers. Note that codeblock
sizes might differ between the
existing components.

Code-block style

SPcod, SPcoc = 0000 0000

SPcod, SPcoc = 0000~0000

SPcod, SPcoc = 0000 0000

SPcod, SPcoc = 0000 0000

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

NOTE —

a =1 for selective arithmetic
coding bypass

t=1 for termination on each
coding pass

p =1 for predictive
termination

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

K digital cinema profile

4K digital cinema profile

Scalable 2K digital cinema
profile

Scalable 4K digital.cinema
profile

Long-term storage profile

all data necessary to
decompress one 2K colour
component. Each of the next
3 tile-parts shall contain all
additional data necessary to
decompress one 4K colour
component.

necessary to decompress one
2K colour component
compatible to a 2K digital
cinema profile. Each of the
next 3 tile-parts shall contain
all additional data necessary
to decompress the rest of one
2K colour component.

Transformation 5-3 reversible filter or 9-7 5-3 reversible filter or 9-7 9-7 irreversible filter 9-7 irreversible filter 9-7 irreversible filter
irrpversible filter irreversible filter' The corresponding filter The corresponding filter shall 5-3 reversible filter
Thie corresponding filter The corresponding filter shall be set accordingly in all | be set aceordingly in all COD The corresponding filter shall
shgll be set accordingly in all | shall be set accordingly in all | COD and COC markers. and COC markers. be set accordingly in all COD
C(OD and COC markers. COD and COC markers. and COC markers.

Precinct size PPx = PPy =7 for N.LL PPx =PPy =7 for NILL PPx =PPy =7 for N.LL PPx = PPy =7 for N/.LL baryd, | PPx>=xcb, PPy >=ycb
bapd, else 8 band, else 8 band, else 8 else 8 The corresponding values shall
The corresponding values The corresponding values The corresponding values The corresponding values sHall | be set accordingly in all COD
shall be set accordingly in all | shall be set accordingly in all | shall be set accordingly in all | be set accordingly in all COD and COC markers. Note that
C(OD and COC markers. COD and COC markers. COD and COC markers. and COC markers. the precinct sizes might differ

between existing components.

Tile-parts Eafh compressed image Each compressed image Each compressed image Each compressed image shall Each compressed image tile
sh3ll have exactly 3 tile- shall have exactly 6 tile-parts | shall have.exactly 6 tile-parts | have exactly 12 tile-parts as shall consist of exactly Csiz
pafts. Each tile-part shall as depicted in Figure A.25 as depicted in Figure A.29. depicted in Figures A.28, AP7 | tile-parts. Each tile-part shall
cofitain all data from one and Figure A.26. Each of the | Each ofithe first 3 tile-parts and A.25. Each of the first 3 contain all data from one
colour component. first 3 tile-parts shall contain | shalléontain all data tile-parts shall contain all dafa component of the considered

necessary to decompress ong
2K colour component
compatible to a 2K digital
cinema profile. Each of the
next 3 tile-parts shall contaif

all additional data necessary|to

decompress one 4K colour
component. Each of the nex{3
tile-parts shall contain all
additional data necessary fof
the rest of one 2K colour
component. Each of the nex{ 3
tile-parts shall contain all

additional data necessary to
decompress the rest of one 4K
colour component.

tile.

1

restricted to this wavelet filter. In addition, digital cinema packages (DCPs) conform to the 9-7 filter.

47 © ISO/IEC 2019 - All rights reserved
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Table A.46 — Codestream restrictions for digital cinema applications

Scalable 2K digital cinema

Scalable 4K digital.cinema

2K digital cinema profile 4K digital cinema profile profile profile Long-term storage profile
Other markers
Packed headers (PPM, PPT) Dipallowed Disallowed Disallowed Disallowed. Disallowed
Tile-part lengths (TLM) TIM marker segments are TLM marker segments are TLM marker segments are TLMmarker segments are TLM marker segments are

red

uired in each image

required in each image

required in each image

required in each image

required in each image

Packet length, tile-part header Opftional Optional For each tile-part a complete . {“For each tile-part a completd For each tile-part a complete
(PLT) list of packet lengths shall bex |, list of packet lengths shall b list of packet lengths shall be
provided provided provided
QCD, QCC Main header only Main header only Main header only Main header only Main header only
SOP, EPH Opftional Optional Disallowed Disallowed Each packet in any given tile-
part shall be prepended with an
SOP marker segment and each
packet header in any given
tile-part shall be postpended
with an EPH marker segment
POC marker Dipallowed There shall be exactly one Tliere shall be exactly one There shall be exactly one Disallowed
POC marker segment in the POC marker segment in the POC marker segment in the
main header. Other POC main header. Other POC main header. Other POC
marker segments are marker segments are marker segments are
disallowed. The POC marker | disallowed. The POC marker | disallowed. The POC markef
segment shall specifyrexactly | segment shall specify exactly | segment shall specify exactl
two progressions which have | two progressions which have | four progressions which have
the following parameters: the following parameters: the following parameters:
First progression: First progression: First progression:
RSpoc =0, CSpoc =0, RSpoc =0, CSpoc =0, RSpoc =0, CSpoc =0,
LYEpoe= 1, REpoc = Ny, LYEpoc =1, REpoc = Ni+1, | LYEpoc =1, REpoc = Ny,
CEfod =3, Ppoc = 4 CEpoc =3, Ppoc =4 CEpoc =3, Ppoc =4
Secbnd progression: Second progression: Second progression:
RSpoc = Nz, CSpoc =0, RSpoc =0, CSpoc =0, RSpoc = N, CSpoc =0,
LYEpoc =1, LYEpoc =2, REpoc = N +1, | LYEpoc =1, REpoc = N.+1
REpoc = N +1, CEpoc = 3, CEpoc =3, Ppoc =4 CEpoc =3, Ppoc =4
Ppoc =4 Third Progression:
RSpoc =0, CSpoc =0,
LYEpoc =2, REpoc = Ny,
CEpoc =3, Ppoc =4
Fourth Progression:
RSpoc = N, CSpoc =0,
LYEpoc =2, REpoc = Ni.+1
CEpoc =3.Ppoc=4
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Table A.46 — Codestream restrictions for digital cinema applications
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Scalable 2K digital cinema

Scalable 4K digital.cinema

2K digital cinema profile 4K digital cinema profile profile profile Long-term storage profile

Application specific

restrictions

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

Maximum instantaneous bit- In¢luding bytes of possible Including bytes of possible Excluding bytesf PLT Excluding bytes of PLT No restrictions

rate for all 3 colour PLT markers PLT markers markers markers

components’ 25px10° Bit/s 250x10° Bit/s 500%10° Bit/$ 500x10° Bit/s

Maximum instantaneous bit- In¢luding bytes of possible Including bytes of possible Excluding bytes of PLT Excluding bytes of PLT No restrictions

rate for each single colour PYT markers PLT markers markers markers

component including all 20px10° Bit/s 200x10° Bit/s for 2K portion | 4Q0%10° Bit/s 400%10° Bit/s

relevant tile-part headers. of each component

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

rate for quality layer 0 of any markers markers

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

colour components) shall

include relevant headers and

markers assuring digital

cinema packages can be

obtained by simply stripping

some tile-parts.

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

rate for layer O of any single markers markers

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

frame including all relevant of each component

tile-part headers.

Maximum frame rate 60 30 60 30 No limitations

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

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

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

TBO0(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'einema profile

For the scalable 4K digital cinema profiles defined in Table A.46, Figure A.27 illustrates the relative compressed| data
layouit of the 2K and 4K information belonging to the second quality layer. Assuming N wavelet transform Igvels
(NLH1 resolutions), the rectangle labelled Ext 2K i (i =0, 1,.2).contains all packets for colour component i, resolufions
0 to Ni—1 and layer 2. The rectangle labelled Ext 4K i (i= 0, 15'2) contains all packets for colour component i, resolfition
Nr apd layer 2.

Til¢-part | Ext_ | Tile-part | Ext_ | Tile-part [\>Ext_ | Tile-part | Ext_ | Tile-part | Ext_ | Tile-part | Ex
hepder 2K 0 header 2K 1 headet 2K 2 header 4K 0 header 4K 1 header 4K |

ol

T.800(19) |FA.27

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

The pverall file structure of-the/scalable 4K digital cinema profile results from concatenating the information of layer 1
and layer 2 as illustrated-inFigure A.28.

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

T.800(19)_FA 28

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

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

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

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

Max _Instantaneous _ Bitrate

Max Compressed _Bytes = (A-8)

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

File size (in bytes) 2K digital cinema profile 4K digital cinema profile Scalable 2K digital ¢fnéma Scalable 4K digital cinema
profile profile
Max compressed bytes for any image frame Including bytes of possible PLT | Including bytes of possible PLT | Excluding bytes of PLT marker§ | Excluding bytes of PLT markers
(aggregate of all 3 colour components) markers markers 16 fps: 3906250 16 fps: 3906250
16 fps: 1953125 16 fps: 1953125 24 fps: 2604166 24 fps: 2604166
24 fps: 1302083 24 fps: 1302083 25 fps:2500000 25 fps: 2500000
25 fps: 1250000 25 fps: 1250000 30 fps=2083333 30 fpps: 2083333
30 fps: 1041666 30 fps: 1041666 48pS: 1302083
48 fps : 651041 60 fps: 1041666
60 fps: 520833
Max compressed bytes for any singlelcolour Including bytes of possible PLT | Including bytes of possible PT | Excluding bytes of PLT marker§ | Excluding bytes of PLT markers
component of an image frame includng all relevant | markers markers 16 fps: 3125000 16 fps: 3125000
tile-part headers. 16 fps: 1562500 (2K portion) 24 fps: 2083333 24 fps: 2083333
24 fps: 1041666 16 fps: 1562500 25 fps: 2000000 25 fps: 2000000
25 fps: 1000000 24 fps: 1041666 30 fps: 1666666 30 fps: 1666666
30 fps: 833333 25 fps: 1000000 48 fps: 1041666
48 fps: 520833 30 fps: 833335 60 fps: 833333
60 fps: 416666
Max compressed bytes for quality layer 0 of any - - Excluding bytes of PLT markery | Excluding bytes of PLT markers
image frame (aggregate of all 3 coloyr components) 16 fps: 1953125 16 fps: 1953125
shall include relevant headers and markers assuring 24 fps: 1302083 24 fps: 1302083
digital cinema packages can be obtaified by simply
stripping some tile-parts. 25 fps: 1250000 25 fps: 1250000
30 fps: 1041666 30 fps: 1041666
48 fps : 651041
60 fps: 520833
Max compressed bytes for layer 0 of pny single — - Excluding bytes of PLT markery | Excluding bytes of PLT markers
colour component of an image framelincluding all 16 fps: 1562500 (2K portion)
relevant tile-part headers. 24 fps: 1041666 16 fps: 1562500
25 fps: 1000000 24 fps: 1041666
30 fps: 833333 25 fps: 1000000
48 fps: 520833 30 fps: 833333
60 fps: 416666
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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

H4tites H4tites
Ysiz/4 <= YTsiz + Ysiz/4 <= YTsiz+
YTOsiz <= Ysiz YTOsiz <= Ysiz
Xsiz/2<= XTsiz + Xsiz/2<= XTsiz +
XTOsiz <= Xsiz XTOsiz <= Xsiz
All tiles shall be of the same | All tiles shall be of the same
size size
Image and tile origin XOsiz =YOsiz=XTOsiz= | Same Samé
YTOsiz =0
Sub-sampling (XRsizi =1 for all Same Same
components) or (XRsizl=1,
XRsiz4=1 and XRsizi=2 for
remaining components).
YRsizi=1
Number of components Csiz<4 Same Same
Bit depth 7 < Ssiz' < 11 (8-12 bits Same Same
unsigned)
RGN marker segment Disallowed, i.e., no region Same Same
of interest
Margker locations
Packed headers (PPM, PPT) Disallowed Same Same
COD, COC, QCD, QCC Main header only Same Same
COP/COC marker segments
Number of decomposition 1 <=N.<=5 Same Same
levels Every component of every
image of‘a-Codestream shall
haveythesame number of
wavelet transform levels.
The number of deployed
decomposition levels shall
be set accordingly in all
COD and COC markers.
Number of layers Shall be exactly 1 Same Same
Code-block size S<xcb<7and5<ycb<6 Same Same
and restrictions in
Table A.18 apply.
Codeblock sizes shall be the
same across all components.
The xcb and ycb values shall
be set accordingly in all
COD and COC markers.
Code-block style SPcod, SPcoc = 0000 0000 Same Same

Transformation

9-7 irreversible transform

9-7 irreversible transform

5-3 reversible transform

Precinct size

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

Same

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

Broadcast contribution
single tile profile

Broadcast contribution
multi-tile profile

Broadcast contribution
multi-tile reversible profile

Progression order

CPRL, POC marker

Same

Same

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

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
sampling rate
Max compressed bit rate See Table A.49. Same Same

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

Sampling 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°4and four for 4:4:4:4

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

# Mak. compressed Bit Raté.=~Max. instantaneous Bit Rate
Megh (M), in the context of this Specification, is 10°

Sampling 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

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

#

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

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

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

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

Every component of eyety
image of a codestream shall
have the same number of
wavelet transfornrlevels.
The numberfdeployed
decompeosition 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 of every
image of a codestream shall
have the same number of
wavelet transform levels. [The
number of deployed
decomposition levels shalf be
set accordingly in all COIl

COD and COC markers. and COC markers. and COC markers.
Number of layers Shall be exactly 1 Same Same
Code-block size xcb=ycb=5 Same Same

The corresponding values

shall be set accordingly in

all deployed COD and

COC markers.
Code-block-style SPcod, SPcoc = 0000 0000 | Same Same

Transfermation 9-7 Irreversible Transform | 9-7 Irreversible Transform 9-7 Irreversible Transfornp
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 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 2019 - All rights reserved
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Table A.51 — Codestream restrictions for interoperable master format (IMF) single tile profiles

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

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

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

8K'IMF single/multi-tile
reversible profile

SIZ[marker segment
Profjle 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 single tile for the whole | One single tiledor the whole | One single tile for the whele
image: image: image:
YTsiz + YTOsiz >= Ysiz YTsiz 4 YTOsiz >= Ysiz YTsiz + YTOsiz >= Ysiz
XTsiz + XTOsiz >= Xsiz XTsiz XTOsiz >= Xsiz XTsiz + XTOsiz >= Xsiz
or multiple tiles with tile ormultiple tiles with tile or multiple tiles with tile
sizes: sizes: sizes:
XTsiz=YTSiz=1024 XTsiz=YTSiz=1024 or XTsiz=YTSiz=1024 or
XTsiz=YTSiz=2048 XTsiz=YTSiz=2048 or
XTsiz=YTSiz=4096
Image and tile origin XOsiz = YOsiz=XTOsiz= | Same Same
YTOsiz =0
Sub-sampling (XRsiz =.Nfor all Same Same
components) or
(XRsiz'=1, XRsiz'=2 for
remaining components).
YRsiz=1
Number of components Csiz<3 Same Same
Bitdepth 7 < Ssiz < 15 (8-16 bits Same Same
unsigned)
RGN marker segment Disallowed, i.e., no region of | Same Same
interest
Marker locations
Hacked headers (PPM, PPT) Disallowed Same Same
d0ob, €0C, QCD, QCC Main header only Same Same
COB/cOEmarker-segments

Number of decomposition levels

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

or

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

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

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

or

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

or

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

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

or

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

or

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

or

1 <= N <=7 for XTsiz>=
8192

56

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

© ISO/IEC 2019 - All rights reserved



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

ISO/IEC 15444-1:2019 (E)

Table A.52 — Codestream restrictions for interoperable master format (IMF)
single tile/multi-tile reversible profiles

2k IMF single/multi-tile 4k IMF single/multi-tile 8k IMF single/multi-tile
reversible profile reversible profile reversible profile
Every component of every Every component of every
image of a codestream shall | image of a codestream shall
have the same number of have the same number of
wavelet transform levels. The | wavelet transform levels. The
number of deployed number of deployed
decomposition levels shall be | decomposition levels shall be
set accordingly in all COD set accordingly in all COD
and COC markers. and COC markers.
Number of layers Shall be exactly 1 Same Same
Code-block size xcb=ycb=5 Same Same
The corresponding values
shall be set accordingly in
all deployed COD and
COC markers.
Code-block style SPcod, SPcoc = 0000 0000 | Same Same
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
Tilefparts One tile-part per each tile Same Same
component
Tiletpart lengths TLM marker segments are Same Same
required in each image
Application specific restrictions
Mg4x. Components Sampling Rate | see Table A.53 Same Same
M4x. compressed Bit Rate see Tables A:53 and A.54 Same Same
The maximuny codestream
size is the Max. compressed
Bit rate divided by the frame
rate.
Table A.53 — Operating levels for IMF profiles
Sampling 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)
Mainlevel O Unspecified Unspecified
Mainl€vel*1 65 Sublevels O up to 1
Mainlevel 2 T30 Sublevels U up to 1
Mainlevel 3 195 Sublevels 0 up to 1
Mainlevel 4 260 Sublevels 0 up to 2
Mainlevel 5 520 Sublevels 0 up to 3
Mainlevel 6 1200 Sublevels 0 up to 4
Mainlevel 7 2400 Sublevels 0 up to 5
Mainlevel 8 4800 Sublevels 0 up to 6
Mainlevel 9 9600 Sublevels 0 up to 7
Mainlevel 10 19200 Sublevels 0 up to 8
Mainlevel 11 38400 Sublevels 0 up to 9
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Table A.54 — Operating sublevels for IMF profiles

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

Sublevel 0 unspecified
Sublevel 1 200
Sublevel 2 400
Sublevel 3 800
Sublevel 4 1600
Sublevel 5 3200
Subtevet6 6400
Sublevel 7 12800
Sublevel 8 25600
Sublevel 9 51200

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

Megg (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 ATU-T | ISO/IEC
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Annex B

Image and compressed image data ordering

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

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 feference grid provides a mechanism for co-registering components and for defining subsets of the, reference
e.g., the image area and tiles.

The [components consist of two-dimensional arrays of samples. Each component, ¢, has parameters XRsiz¢, Y
(see ]A.5.1) which define the mapping between component samples and the reference grid points. Every compg

samy]

components with each other used for coding only.

Each

independently. Each tile-component is wavelet transformed into several decomposition levels which are relat
resolution levels (see Annex F). Each resolution level consists of either the*HL, LH and HH sub-bands from
decomposition level or the N LL sub-band. Thus, there is one more resolutien level than there are decomposition le

Each
N

Prec

compponents. Precincts are defined so that code-blocks fit neatlyyi.e., they "line up" with each other.

In th
coin
and/

Also

or repolution level. These values may change'explicitly (through the syntax described in Annex A) or implicitly (thr
proppgation). For convenience of notation, some dependencies are suppressed in the discussion that follows.

B.2
All

paraeters defining the refetence grid appear in Figure B.1. The reference grid is a rectangular grid of points wit

indid
(Xsij
refer]
(Xsij

The
isa

Introduction to image data structure concepts

le is associated with a reference grid point (though not vice versa). This mapping induces a registratig

component is divided into tiles corresponding to the tiling of the reference grid. These tile-components are ¢

OTE — This convention differs from the usual wavelet diagrams which\place all sub-bands for a component in a single spa

ncts and code-blocks are defined at the resolution level and sub-band. Consequently they can vary over

e accompanying figures, boundaries and coordinate-axes are shown. In each case, the samples or coeffig
ident with the left and upper boundaries are included-in a given region, while samples or coefficients along the
r lower boundaries are not included in that region.

in the accompanying formulae, many of the variables have values that can change as a function of component

Component mapping'to the reference grid

omponents (and many éthet structures in this annex) are defined with respect to the reference grid. The va

es from (0, 0) to (Xs12— 1, Ysiz — 1). An "image area" is defined on the reference grid by the dimensional param
r, Ysiz) and (X©siz, YOsiz). Specifically, the image area on the reference grid is defined by its upper left
ence grid point at location (XOsiz, YOsiz), and its lower right hand reference grid point at loc
r — 1, YsizZ-— D).

kamplesof component ¢ are at integer multiples of (XRsiz¢, YRsiz®) on the reference grid. Each component do|
ub-sampled version of the reference grid with the (0, 0) coordinate as a common point for each component.

sub-band has its own origin. The sub-band boundary conditions arejunique for each HL, LH and HH sub-band.

grid,

Rsiz®
nent
n of

oded
d to
one
els.

LC.

tile-

ients
right

tile,
pugh

Fious
h the
bters,
hand
htion

main
Row

€nce

samy

lesare located reference-arid nomnts that are at inteaer multinles 0f X R 617 and column samnles are located refe
O r =) i o

grid points that are at integer multiples of YRsiz®. Only those samples which fall within the image area actually belong to
the image component. Thus, the samples of component ¢ are mapped to the rectangle which has the upper left hand sample
with coordinates (Xo, yo) and lower right hand sample with coordinates (x; — 1, yi1 — 1), with Xo, yo, X1, y1 as defined in
equation (B-1):

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

59


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

ISO/IEC 15444-1:2019 (E)

Xsiz

4

(0,0) | XOsiz_

A A ——4— (Xsiz— 1, 0)

YOsiz

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

(XOsiz,
Y Osiz)

Ysiz

Image area

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

(0, Ysiz— 1)

Figure B.1 — Reference grid diagram

N XOsiz v = Xsiz _ | YOsiz | Ysiz (B-1)
0 XRsiz¢ ! XRsiz¢ Yo YRsiz¢ N YR31z¢

Thug, the dimensions of component ¢ are given by:

(width, height) = (xl —Xg, V1 — yo) B-2)

The parameters, Xsiz, Ysiz, XOsiz, YOsiz, XRsiz® and YRsiz® at¢ all defined in the SIZ marker segment (see A.5.1J).
OTE 1 — The fact that all components share the image offset (XOsiz, YOsiz) and size (Xsiz, Ysiz) induces a registration ¢f the
bmponents.

OTE 2 — Figure B.2 shows an example of three components mapped to the reference grid. Figure B.3 shows the image areal from
particular image offset with different (XRsiz, YRsiz)yvalues. The upper left sample coordinate in the image component dgmain
hat is included in the image area, is also illustrated.

© 7 0 7

—

(0, 0) / Reference grid

I
T.800(19)_FB.2

® (XRsiz YRsiz)=(1_1)

>< (XRsiz, YRsiz) = (2, 2)
O (XRsiz, YRsiz) = (3, 2)

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

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

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

o (|2} }(2, )

2
2
For (XRsiz, )=1(3,2):
2
2

_YRSi_Z
o] %1 =01

Al L/

T.800(19)_FB.3

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

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

The feference grid is partitioned into a regular-sized rectangular array of tiles. The tile size and tiling offset are defjned,
on the reference grid, by dimensional pairs (XTsiz, YTsiz) and (XTOsiz, YTOsiz), respectively. These are all paranjeters
from| the SIZ marker segment (see A.5.1).

Every tile is XTsiz reference grid points wide and YTsiz reference grid points high.(The top left corner of the firgt tile
(tile D) is offset from the top left corner of the reference grid by (XTOsiz, YTOsiz). The tiles are numbered in raster grder.
This|is the tile index in the Isot parameter from the SOT marker segment ik A:4.2. Thus, the first tile's uppef left
coorflinates relative to the reference grid are (XTOsiz, YTOsiz). Figure B.4 shows this relationship.

N H
8 XTOsiz XTsiz
A
(XTOsiz, X~ o
YTOsiz) TO| TI T2 T3 T4 ¢ Tile index
number
N
& T5 N_T6 T7 T8 T9
=
S| TI0| TI T12 T13 T14

TI15 T16 T17 T18 TI19

T.800(19)_FB.4

Figure B.4 — Tiling of the reference grid diagram

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

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

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

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

(B-5)

numXtiles [stz - XTOszz—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:

numXtile

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

wheIIe t is the index of the tile in Figure B.4.

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

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

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

whetle txo(p, q) and tyo(p, q) are the coordinates of the upper left corner of the tile, txi(p, ¢) — 1 and ty1(p, g) — 1 are the
coorflinates of the lower right corner of the tile. We will often drop the fil¢'s/coordinates in referring to a specific til¢ and
refer|to the coordinates (¢xo, £0) and (#x1, ty1).

Thuq the dimensions of a tile in the reference grid are:
(xy — txgy B —1yg) (B-11)

Within the domain of image component i, the coordinates of the upper left hand sample are given by (fcxo, tcyo) and the
coorflinates of the lower right hand sample are given.by (fcx| — 1, fcy1 — 1), where:

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

so thiat the dimensions of the tile-eomponent are:

(tex) — texg, teyy — teyg) (B-13)

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

The [following example is included to illustrate the mapping of image components to the reference grid and the|area
induged by tiling’across components with different sub-sampling factors. The example assumes an application in which
an ofiginal\inage with an aspect ratio 16:9 is to be compressed with this Recommendation | International Stanflard.
Choices.of the image size, image offset, tile size and tile offset are used such that an image with aspect ratio 4:3 cgn be
croppedtrom-thecentre ofthe original-imaue Figure clerepce o i care i iling
structure that will be imposed in this example.
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locations of ‘the tiles in each image component. To do so, the values of #xo, #x1, #yo and #y are determined
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Figure B.5 — Reference grid example

he reference grid size (Xsiz, Ysiz) be (1432, 954). In this example, the image will contain two compo]
ponent indices will be represented by i = 0, 1}:2The sub-sampling factors XRsiz' and YRsiz' of the two compo
respect to the reference grid will be XRsiz%= YRsiz’ = 1 and XRsiz' = YRsiz' = 2. The image offset is set

iz, YOsiz) = (152, 234). Given these/parameters, the sizes of the two image components can be determined

tion (B-1). The upper left corner of component 0 is found at ([ 152/11,1234/1 1) = (152, 234). The lower right ¢
mponent 0 is found at ([ 143240~ 1, [954/11—1) = (1431, 953). The actual size of component 0 is ther
samples in width by 720 saniplés in height. The upper left corner of component 1 is found at ([ 152/21,[234/
117), while the lower right cerher of that component is found at (| 1432/21—1,1954/21— 1) = (715, 476). The a
b component 1 is therefore 640 samples in width by 360 samples in height.

iles are chosen to _have an aspect ratio of 4:3. In this example, (XTsiz, YTsiz) will be set to (396, 297) and th
ts (XTOsiz, Y FOsiz) will be set to (0, 0). The number of tiles in the x and y directions are then determined
tion (B-5) muniXtiles = [ 1432/396 | = 4, numYtiles = [954/297 | = 4. The tiled image components will ther
iin a total‘of)s = 16 tiles, with tile grid indices p and ¢ in the range 0 < p, g < 4. It is now possible to comput

tions, (B-7), (B-8), (B-9) and (B-10). Since p and ¢ share the same set of admissible values, the notation '0:3' w|

All coordinates in this figure.dse in the component domain T800(19)_F

720

hents
nents
0 be
from
rner
cfore
) =

ctual

 tile
from
efore
c the
from
11 be
br all

to-refer to the sequence of values {0, 1, 2, 3}, and the notation '*' will be used to denote that the result is valid fi

admissible values. The values of #xo are found as £xo(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 fyo(*, 0:3) = {234, 297, 594, 891}, and the values of #y; are

o(*

,0:3) = {297, 594, 891, 954}.
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(0,0) ! i |
1 1 I
i i i
1 1 I
1 1 I
1 1 I
1 1 I
i i i
! ! ! (1432, 234)
(152,234) 1(396, 234) 1 (792, 234) (1188, 234)
1 1 I
___________________ 244 x 63! 396 x 634: 396x63 1 ______ 244 x 63 (1432, 297)
(152,297) (396, 297) | (792,297) (1188, 297)
1
|
1
244 x 297 396 % 297 ! 396 x 297 244 % 297
1
i
I
T O OO
(152, 594) (396, 594) 1(792, 594) (1188,594) N [-(1432, 5p4)
1 /
i b‘b‘
i (,.)b‘
244 % 297 396 x 297 | 396 x 297 N, 244 x 297
1
; ¢
: e
]
B R 152,891) - 1 (792, 891 S 1(1188,891) 7~ 1432, 891
(132,89) 14 v 631396 3D 396 x 63 | 793 89D ,@xss: 244 % 297 P55
(152, 954) (396, 954) (792, 954) (1188, 954) (1432, 954)
Tiling for component 0. All coordinates in this figure are iithe component domain T.800(19)_AB.6
Figure B.6 — Example tile sizes and locations for component 0
With the values of £xo, tx1, tyo and ty; now known, the locations and sizes of all tiles can be determined for each df the
components. To do so, Equation (B-12) is used. The relevantlocations and sizes for component 0 are shown in Figurd B.6,
whilg the same information is provided for component\INin Figure B.7. Of particular interest are the 'interior' tiles in the
figures (tiles (1, 1), (1, 2), (2, 1) and (2, 2)). These tiles are not limited in extent by the image area. In component 0, all of

thesq
(XR
2,2
149,
coml

With
desir
of re
valug
crop
imag
(Xsi
set tq

tiles are the same size. This regularity is-a result of the fact that the sub-sampling factors for this componer
iz°, YRsiz®%) = (1, 1). However, in compénent 1, these tiles are not all the same size because (XRsiz', YRsi
. Notice that tiles (1, 1) and (2, 1) are both of size 198 by 148, while tiles (1, 2) and (2, 2) are both of size 19
This illustrates that the number of samples in the interior tiles of a component can vary depending upon the parti
pination of tile size and componént'sub-sampling factors.

these choices of reference grid, image offset, tile size and tile offset, the coded image can be cropped directly t

ference grid size (792,594). When such a cropping is performed, it will not be necessary to recode the tiles, by
s of some of the.reference grid parameters must change. The image offsets must be set to the coordinates o
bing locations,sp\that (XOsiz’, YOsiz") = (396, 297) where (XOsiz’, YOsiz") are the image offsets of the cro
e. Similarlyjthe image size must be adjusted to reflect the cropped size (Xsiz’, Ysiz") = (1188, 891) W
r’, Ysiz').are)the sizes of the cropped reference grid. Finally, the tile offsets are no longer zero and instead mu
(XTQsiz", YTOsiz") = (396, 297) where (XTOsiz’, YTOsiz") are the tile offsets of the cropped reference grid

t are
') =
8 by
cular

o the

ed interior region. The four interior tiles from each component can be retained and will represent a cropped ifnage

t the
f the
pped
there
st be
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: : ; (716, 117)
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___________________ 122 x 32 ! 198 x 32 : 198x32 _____122x32 (716, 149)
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1
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1
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1
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1 /
i b‘b‘
| (,.)b‘
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; O
! 4
1
N R et i i NS ol e
(76, 446) 122%311 (198, 446) 198 x 31 :(396, 446) ’ @x 3 :(594, 446) 122 %31 (716, 44¢)
(76, 477) (198, 477) (396, 477) (594, 477) (716, 477)
Tiling for component 1. All coordinates in this figure ar¢ in‘the component domain T.800(19)_H
Figure B.7 — Example tile sizes and locations for component 1
B.5 Transformed tile-component division into resolution levels and sub-bands
Eachy tile-component is wavelet transformed with NV; deconiposition levels as explained in Annex F. Thus, there are M

disti
gene|
This

The
left |

Ina
coor

ict resolution levels, denoted » = 0,1,...,Nz. The lowest resolution level, » = 0, is represented by the N;LL ban
ral, a reduced resolution version of a tile-comp@hent with resolution level, 7, is the sub-band nLLL, where n = N
clause describes the dimensions of this reduced resolution.

piven tile-component's coordinates with respect to the reference grid at a particular resolution level, r, yield 1
and sample coordinates, (¢rxo, tryo) and lower right hand sample coordinates, (¢rx; — 1, try; — 1), where:

. tcxo _ tcyo . lCXl . tcyl
trxg = {—2NL—r—‘ tryg = ’7—2NL—r—‘ trx) = {—2NL—r tryl = —2NL—r (B

L+ 1
d. In

yp — 7.

pper

-14)

imilar manner, the'tile coordinates may be mapped into any particular sub-band, b, yielding upper left hand sample

Hinates (zbxo, thyo)and lower right hand sample coordinates (¢bx; — 1, thy; — 1) where:
tcx—(Z"b_l-xo) t —(Z"b_l-o)
tbe — 0 b tby() — a0 YOp
2" 2"
B
o = 24— X0 rlC = {ZW" S iy (
thx; = 1=\ b) thy, = Y1~ \ Yo ]
2™ 2™

-15)

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

Table B.1 — Quantities (X0s, yOp) for sub-band b

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

OTE — 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

iven

by hy1 — thyo.

B.6

Cong
tile-d

COoL

Division of resolution levels into precincts

ider a particular tile-component and resolution level whose bounding sample coordinates in the feduced resol
image domain are (#rxo, tryo) and (trx1 — 1, try1 — 1), as already described. Figure B.8 shows the \partitioning o
omponent resolution level into precincts. The precinct is anchored at location (0, 0), so that th€ upper left hand c
of arly given precinct in the partition is located at integer multiples of (277*, 277) where PPx-and PPy are signalled i
or COC marker segments (see A.6.1 and A.6.2). PPx and PPy may be different for each tile-componen
resolution level. PPx and PPy must be at least 1 for all resolution levels except » = 0 where’they are allowed to be Z|

PPx

oY D

(trxg, tryvg) \

PPy

K3

K4 K5

Ké

K7

K8 K9

K10

KI1

/ (trx,— 1, try,— 1)

Figure B.8 — Precincts of one reduced resolution
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NUMDLET OI precincCts which span the tile-component at reésolution IEvel, 7, 1S given Dy:

trx, i |
. . - X, > trx, . .
numprecindswide=| | PP~ o PPx ! 0 numprednctshigh=

0 trx, =trx,
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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

appe

arance 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

pack

ets 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

The
of eg
segn
levell
levell

and:

Theg
whos
parti
are |

N

C
C

Division of the sub-bands into code-blocks

sub-bands are partitioned into rectangular code-blocks for the purpose of coefficient modelling and coding) Thq
ch code-block is determined from two parameters, xcb and ycbh, which are signalled in the COD or COC m
ents (see A.6.1 and A.6.2). The code-block size is the same from all resolution levels. However,jat’each resol

| the code-block size is bounded by the precinct size. The code-block size for each sub-band at a particular resol
is determined as 2% by 27*" where:
- min(xcb, PPx— 1), forr >0
xeb” = ( min(xch, PPx), for r =0 (B
- min(ycb, PPy— 1), forrx 0
yeb'= [ min(ych, PPy), fof 0 (B

e equations reflect the fact that the code-block size is constrained both by the precinct size and the code-block
e parameters, xcb and ycb, are identical for all sub-bands™in the tile-component. Like the precinct, the code-1
ion is anchored at (0, 0), as illustrated in Figure B.9. Thus, all first rows of code-blocks in the code-block parf
cated at y = m2"*" and all first columns of code-blocks are located at x = n2*®", where m and »n are integers.

OTE — Code-blocks in the partition may extend beyond-the boundaries of the sub-band coefficients. When this happens, on|

befficients lying within the sub-band are coded using-the method described in Annex D. The first stripe coded using this m
brresponds 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 pompressed image data of eachwode-block is distributed across one or more layers in the codestream. Each |ayer
cons|sts of a number of consecutive bit-plane coding passes from each code-block in the tile, including all sub-bands of
all components for that tile. The number of coding passes in the layer may vary from code-block to code-block and| may
be aq little as zero for any pr'all code-blocks. The number of layers for the tile is signalled in the COD marker segment
(see A.6.1).
For 4 given code-block,Jthe first coding pass, if any, in layer # is the coding pass immediately following the last cqding
pass [for the code-block in layer n — 1, if any.
NOTE 1 — Each layer successively and monotonically improves the image quality.
Layars are‘indexed from 0 to L — 1, where L is the number of layers in each tile-component.
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 levél of one component

Table B.2 — Example of layer formation (only-9ne component shown)

Resplution level 0 m NL
Precinct Po0 Pol Pm0 Pml Pm8 Pni0 Pnil
Layer 0 Packet 0 | PacketO | ... ... | PacketO, [“PacketO | ... | PacketO | ... | PacketO | Packet O
Layer 1 Packet 1 | Packet1 | .. ... | Packepl*| Packet1 | .. | Packet1l | ... | Packet1 | Packetl

The pasic building blocks of layers are packets.-Rackets are created from the code-block compressed image data fromn the
precincts of different resolution levels (for a-givén tile-component).

B.9 Packets

All dompressed image data representing a specific tile, layer, component, resolution level and precinct appears ip the
codeftream in a contiguous segment called a packet. Packet data is aligned at 8-bit (one byte) boundaries.

As dpfined in F.3.1, resolution level » = 0 contains the sub-band coefficients from the N LL band, where N, is the number
of dgcomposition levels, Each subsequent resolution level, » > 0, contains the sub-band coefficients from the nHL,|nLH
and #HH sub-bands;as-defined in Annex F, where n = Ny — r + 1. There are N; + 1 resolution levels for a tile-compgnent
with|V; decompoSition levels.

The fompressed image data in a packet is ordered such that the contribution from the LL, HL, LH and HH sub-bands,
appepr in‘that order. This sub-band order is identical to the order defined in F.3.1. Within each sub-band, the code-plock
contfibutions appear in raster order, confined to the bounds established by the relevant precinct. Resolution level =0
contamrs uu‘l_y the A bamdand-resotutromrtevets —=0-—contam uu}_y theHEHandHiH bands: Oll‘l_)/ thosecode=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 at‘one 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 packet 0
a 0 0 a 0
b 0 0 b 0
c c 0 c 0
a a 0 a 0 packet 1
b b 0 b 0
c c c c c
etc.
LSB a a a a
b
c c c c c
Packiet data is introduced by a packet header whose syntax is described in B.10 and is followed by a packet pody
containing the actual ¢ode-bytes contributed by each of the relevant code-blocks. The order defined above is followgd in
consfructing both the*packet header and the packet body.

As d
resol
pack]

escribed.in B.6, it can happen that a precinct contains no code-blocks from any of the sub-bands at parti
ution levels. When this occurs, all packets corresponding to that precinct must appear in the codestream as e
ets,/in accordance with the packet header described in B.10.

N

cular
mpty

OTE 2 — Even when a precinct contains relevant code-blocks, an encoder might choose to not include any coding passes

n the

corresponding packet at a given layer. In this case, an empty packet must still appear in the codestream.

B.10  Packet header information coding

The packets have headers with the following information:

70

—  zero length packet;

—  code-block inclusion;

—  zero bit-plane information;

—  number of coding passes;

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

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

B.10.1 Bit-stuffing routine

Bits are packed into bytes from the MSB to the LSB. Once a complete byte is assembled, it is appended to the packet
header. If the value of the byte is 0xFF, the next byte includes an extra zero bit stuffed into the MSB. Once all bits of the
packet header have been assembled, the last byte is packed to the byte boundary and emitted. The last byte in the packet
headyl blldll Jele)y 1l.)t; dll GAFF valuc U.hub LIIC biugic 410 1Ul|. bLufde d.fLCl d 1U.)’I.C Wilh OAFF IIIUSU bC iubiudcd CVCID fthe

0xFH 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’ It successjvely
creates reduced resolution levels of this two-dimensional array, forming a tree. At every node of this‘tree the minijnum
integer of the (up to four) nodes below it is recorded. Figure B.12 shows an example of this représentation. The notgtion,
qi(m) n), is 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 Jevel
of the tag tree; it contains the top node.

1 3 2 3 5 3
740, 0) | g5(1,0) | 45(2,0) 1 1
2
q,(050) q,(1,0)
2 2 1 4 3 2
2 2 2 2 1 2 2 2 |
a) Original array of numbers, level 3 b) Minimum of four (or less) nodes, level 2
1 | |
¢,(0,0) 440, 0)
¢) Minimum ef four (or less) nodes, level 1 d) Minimum of four (or less) nodes, level 0
T.800(19) AB.12

Figure B.12 — Example of a tag tree representation

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

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

B.10.3  Zero length packet

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

exclusively hereinafter.

N
|
1}
a

i1

B.10.

tgee will have redundant information identifying whether or not the code-block contributes to both the current layer and the

arked as empty, the code-block inclusion information (defined in B.10.4) for the previous layer with the empty bit set has
tag tree whose entries are initialized with the layer number of the first layer to which the code-block contribute$.) Thus t
which the packet was marked as empty.

4  Code-block inclusion

s not
to be

cluded. The code-block inclusion information for code-blocks which have not yet been included in any packet is eneoded using

e tag
layer

Information concerning whether or not any compressed image data from each code-block-is included in the packet is
signglled in one of two different ways depending upon whether or not the same code-block has already been included in

a pravious packet (i.e., within a previous layer).

For

For (
tree
currq

the Bt stream, only the bits needed for determining whether the code-block is included are placed in the packet head

Somg

much of the tag tree as is needed to determine inclusion in the current layer is included. If a code-block is not inc]

until

B.10

Ifad

plangs used to represent coefficients from-thé code-block. The maximum number of bit-planes available fo

reprg

nt code-block is first included. Although the exact sequence of\bits that represent the inclusion tag tree appes
of the tag tree is already known from previous code-block§’er previous layers, it is not repeated. Likewise, on

a later layer, then only a partial tag tree is included at-that point in the bit stream.

5  Zero bit-plane information

ode-block is included for the first time, the\packet header contains information identifying the actual number o

sentation of coefficients in any sub-band, b, is given by M, as defined in Equation (E-2). In general howeve

ode-blocks that have been included in a previous packet, a single bit is usedté represent the information, where
a 1 means that the code-block is included in this layer and a 0 means that it is net:

ode-blocks that have not been previously included in any packet, this information is signalled with a separatg tag
ode for each precinct as confined to a sub-band. The values in this’fag’tree are the number of the layer in which the

s in
er. If
ly as
uded

f bit-
I the
, the

number of actual bit-planes for which ceding passes are generated is M), — P, where the number of missing most signifiicant

bit-planes, P, may vary from code-block to code-block; these missing bit-planes are all taken to be zero. The valuelof P
is cofded in the packet header with a-separate tag tree for every precinct, in the same manner as the code-block inclyision
inforjmation.
B.10t6 Number of coding passes
The phumber of coding passes included in this packet from each code-block is identified in the packet header using the
codewords shownin 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 O
37 to 164 1111 11111 0000 000
to
1111 11111 1111 111
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NOTE - Since the value of M is limited to a maximum value of 37 by the constraints imposed by the syntax of the QCD and QCC
marker segments (see A.6.4, A.6.5 and Equation (E-4)), it is not possible for more than 109 coding passes to be employed by the

code-block coding algorithm described in Annex D.

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

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

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

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

dpscribed im ATNexX C.

In signalling the number of bytes contributed by the code-block, there are two cases: the code-block contributien eon
a single codeword segment; or the code-block contribution contains multiple codeword segments. Multiple - code
segnjents arise when a termination occurs between coding passes which are included in the packet, as shown.in Table
and D.9.

B.10L7.1 Single codeword segment

A codeword segment is the number of bytes contributed to a packet by a code-block. The léngth of a codeword seg|
is represented by a binary number of length:

bits= Lblock+ |_10g2 (codingpassesadded)J (B

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

The yalue of Lblock is initially set to three. The number of bytes contributed/by each code-block is preceded by signg
bits that increase the value of Lblock, as needed. A signalling bit of zete 1hdicates the current value of Lblock is suffi
If thdre are k ones followed by a zero, the value of Lblock is increménted by k. While Lblock can only increase, the nu
of bits used to signal the length of the code-block contributionzgan increase or decrease depending on the numb
coding passes included.

OTE 1 — For example, say that in successive layers a codesblock has 6 bytes, 31 bytes, 44 bytes and 134 bytes respect
urther assume that the number of coding passes is 1, 9,52-and 5. The code for each would be 0 110 (0 delimits and 110
P11111 (0 delimits, logz 9 = 3 bits for the 9 coding passes, 011111 =31), 11 0 101100 (110 adds two bits to Lblock, loga

1100 =44) and 1 0 10000110 (10 adds one bit to Eblock, logz 5 =2, 10000110 = 134).

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

Z —o 0z

B.10{7.2 Multiple codeword segments

Let 7' be the set of indices of terminatéd-coding passes included for the code-block in the packet as indicated in Table
and D.9. If the index final codingpass included in the packet is not a member of 7, then it is added to 7. Let n; < ...
be the indices in T. K lengths-ar¢-signalled consecutively with each length using the mechanism described in B.1(
The first length is the number-ef bytes from the start of the code-block's contribution in this packet to the end of cg
pass |n1. The number of added coding passes for the purposes of Equation (B-19) is the number of passes in the pack
throygh n,. The secondlength is the number of bytes from the end of coding pass, ni, to the end of coding pass, n»
number of added coding passes for the purposes of Equation (B-19) is n2 — n;1. This procedure is repeated for all K len
NOTE — Considér the selective arithmetic coding bypass (see D.6). Say that the passes included in a packet for a given code]
afe the cleanuppass of bit-plane number 4 through the significance propagation pass of bit-plane number 6 (see Table D.9).

phpsses,ate-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} and
Igngths\are signalled. The set of lengths to be signalled is {6, 75, 134, 192} and the corresponding number of coding passe

tains
word
D.8

ment

-19)

lling
ient.
mber
er of

vely.
= 0),
p =1,

D.8
<ng
.1,
ding
et up

The
oths.
block
[hese
K=4
s that

afe added is {1, 2, 1, 1}. A valid code bit sequence is 11 1110 (Lblock increased to 8), 0000 0110 (log>1 = 0, 8§ bits used to)

code

length of 6), 0 0100 1011 (log22 = 1, 9 bits used to code the length of 75), 1000 0110 (log21 = 0, 8 bits used to code the length of
134) and 1100 0000 (log21 = 0, 8 bits used to code the length of 192). Notice that the value of Lblock is incremented only at the

start of the sequence.

B.10.8  Order of information within packet header

The following is the packet header information order for one packet of a specific layer, tile-component, resolution
and precinct.

bit for zero or non-zero length packet
for each sub-band (LL or HL, LH and HH)

for all code-blocks in this sub-band confined to the relevant precinct, in raster order
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code-block inclusion bits (if not previously included then tag tree, else one bit)

if code-block included

The

PPM

Inclusion information

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

hacket header may be immediately 1ollowed by the EPH marker as described in A.8.2. 1he EPH marker may aj
regatdless of whether the packet contains any code-block contributions. In the event that the packet header appears
or PPT marker segment, the EPH marker (if used) must appear together with the packet header.

NOTE - Figure B.13 and Table B.5 show a brief example of packet header construction. Figure B.13 shows the informiation ki
td the encoder. In particular the "inclusion information" shows the layer where each code-block first appears’in a packet
dpcoder will receive this information via the inclusion tag tree in several packet headers. Table B.5 shows the resulting bit s
(In part) from this information.

Zero bit-planes # of coding passes (layer 0)

Iength information (layer

pear
ina

hown
| The
ream

—

0 0

2 3 4 7 3 2 - 4

4 —

Inclusion tag

tree Zero bit-planes tag tree # of coding passes (layer 1)

Length in

formation (layer

0

1 3 6 10

Figure B.13 — Example of the information known to the encoder

Table B.5 — Example packet header bit stream

T.800(19)_FB.1

Bit s‘tream (in order) Derived meaning
| 1 Packet non-zero in length
111 Code-block 0, 0 included for the first time (partial inclusion tag tree)
000111 Code-block 0, 0 insignificant for 3 bit-planes

1100 Code-block 0, 0 has 3 coding passes included
0 Code-block 0, 0 length indicator is unchanged

0100 Code-block 0, 0 has 4 bytes, 4 bits are used, 3 + floor(logz 3)
1 Code-block 1, 0 included for the first time (partial inclusion tag tree)
01 Code-block 1, 0 insignificant for 4 bit-planes
10 Code-block 1, 0 has 2 coding passes included
10 Code-block 1, 0 length indicator is increased by 1 bit (3 to 4)
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Table B.5 — Example packet header bit stream

Bit stream (in order)

Derived meaning

00100 Code-block 1, 0 has 4 bytes, 5 bits are used 4 + floor(logz 2),
(Note that while this is a legitimate entry, it is not minimal in code length.)
Code-block 2, 0 not yet included (partial tag tree)
Code-block 0, 1 not yet included
Code-block 1, 1 not yet included
Code-block 2, 1 not yet included (no data needed, already conveyed by partial tag tree for code-block 2, 0)
Packettreaderdatafor theothersub=bamds; packetdat
Packet for the next layer
1 Packet non-zero in length
1 Code-block 0, 0 included again
1100 Code-block 0, 0 has 3 coding passes included
0 Code-block 0, 0 length indicator is unchanged
1010 Code-block 0, 0 has 10 bytes, 3 + log2 (3) bits used
0 Code-block 1, 0 not included in this layer
10 Code-block 2, 0 not yet included
0 Code-block 0, 1 not yet included
1 Code-block 1, 1 included for the first time
1 Code-block 1, 1 insignificant for 3 bit-planes
0 Code-block 1, 1 has 1 coding pass included
0 Code-block 1, 1 length information is unchanged
001 Code-block 1, 1 has 1 byte, 3 + logz (1) bits used
1 Code-block 2, 1 included for the first time
00011 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 indicatoris unchanged
010 Code-block 2, 1 has 2 bytes, 3 +1og> 1 bits used

Packet header data for the.other sub-bands, packet data

B.11

Each
with

Tile and tile-parts

coded tile is represented by a Sequence of packets. The rules governing the order that the packets of a tile ajj
n the codestream is specified in B.12. It is possible for a tile to contain no packets, in the event that no samples

any image component map(to)the region occupied by the tile on the reference grid.

Any
(in o
segn
The

Any
divig

tile's representation may be truncated by discarding one or more trailing bytes. Also, any number of whole pa
rder) may be dropped and the final packet appearing in the tile may be partially truncated. The tile length m:
ent parameterSshall reflect this.

sequence of packets representing any particular tile may be divided into contiguous segments known as tile-j
number of packets (including zero) may be contained in a tile-part. Each tile must contain at least one tile-part
ions)between tile-parts must occur at packet boundaries. While tiles are coherent geometric areas, the tile-parts

pear
from

tkets
hrker

arts.
The
may

be distributed throughout the codestream in any desired fashion, provided tile-parts irom the same tile appear in the order
that preserves the original packet sequence. Each tile-part commences with an SOT marker segment (see A.4.2),
containing the index of the tile to which the tile-part belongs.

NOTE - It is possible to interleave tile-parts from different tiles, as long as the order of the tile-parts from every tile is preserved.
For example, a legitimate codestream might have the following order:

Tile number 0, tile-part number 0;

Tile number 1, tile-part number 0;

Tile number 0, tile-part number 1;

Tile number 1, tile-part number 1;

etc.
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If SOP marker segments are allowed (by signalling in the COD marker segment, see A.6.1), each packet in any given
tile-part may be appended with an SOP marker segment (see A.8.1). However, whether or not the SOP marker segment
is used, the count in the Nsop is incremented for each packet. If the packet headers are moved to a PPM or to PPT marker
segments (see A.7.4 and A.7.5), then the SOP marker segments may appear immediately before the packet body in the
tile-part compressed image data portion.

If EPH markers are required (by signalling in the COD marker segment, see A.6.1), each packet header in any given
tile-part shall be postpended with an EPH marker segment (see A.8.2). If the packet headers are moved to a PPM or to
PPT marker segments (see A.7.4 and A.7.5), then the EPH markers shall appear after the packet headers in the PPM or
PPT marker segments.

B.12  Progression order

For g given tile-part, the packets contain all compressed image data from a specific layer, a specific component, aSpgcific
resolution level and a specific precinct. The order in which these packets are found in the codestream is~calleql the
progression order. The ordering of the packets can progress along four axes: layer, component, resolution-level and
precinct.

It is|possible that components have a different number of resolution levels. In this case, the,rgsolution level| that
corrgsponds to the N;LL sub-band is the first resolution level (» = 0) for all components. The ifidices are synchrompized
from| that point on.

NOTE — For example, take the case of resolution level-position-component-layer progression and'twe’‘components with 7 resojution
Igvels (6 decomposition levels) and 3 resolution levels (2 decomposition levels) respectively. The'¥= 0 will correspond to the V,LL
sub-band of both components. From = 0 to » = 2 the components will be interleaved as described below. From » =3 to » = 4 only
cpmponent 0 will have packets.

B.12l1  Progression order determination

The COD marker segments signal which of the five progression orders.dseused (see A.6.1). The progression ordef can
also pe overridden with the POC marker segment (see A.6.6) in any tile-part header. For each of the possible progregsion
ordefs the mechanism to determine the order in which packets are included is described below.

B.12{1.1 Layer-resolution level-component-position progression
Laydr-resolution level-component-position progression is defined as the interleaving of the packets in the following drder:
foreach/=0,...,L—1
for each r=0,..., Nyax
for each i = 0,..., Csiz 1
for each k = Os..., numprecincts — 1
packet_for )component i, resolution level r, layer / and precinct k.

Herg, L is the number of layersand Ny, is the maximum number of decomposition levels, N;, used in any compongnt of
the tile. A progression of this-type might be useful when low sample accuracy is most desirable, but information is ngeded
for a]l components.

B.12{1.2 Resolutionlevel-layer-component-position progression
Resdlution levél-layer-component-position progression is defined as the interleaving of the packets in the following drder:
foreach r=0,..., Nyax

foreach/[=0,..., L — 1

foreachi=0,..., Csiz — 1
for each k = 0,..., numprecincts — 1
packet for component i, resolution level r, layer / and precinct k.

A progression of this type might be useful in providing low resolution level versions of all image components.
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B.12.1.3 Resolution level-position-component-layer progression
Resolution level-position-component-layer progression is defined as the interleaving of the packets in the following order:
for each r=0,..., Nyax
for each y = tyo,..., ty1 — 1,
for each x = tx,..., tx; — 1,

for each i =0,..., Csiz — 1

if (v divisible by YRsiz (i) 2PP0 DTN =) R (3 = ty) AND (tryo - 2V:0- NOT
divisible by 2P/ )+ Ni(0)-ry)

if (v divisible by XRsiz() - 270 Ve=r) OR ((x = o) AND (i - 2VE T NOT
divisible by 272X+ Ni(0)=ry)

for the next precinct, k, if one exists,
foreach/=0,..., L -1
packet for component i, resolution level 7, layer / and precinct £.

In thg above, k£ can be obtained from:

X Y
{XRS"ZZ' '2N“W try o (YRsi { ~2NL’W ‘
ke 2151’)-)0,1’) a LZPPX(SJ)J + numprecm(tSWIde{r, l)' 221(’1’2(:3:') - LZPz?,i)J (B-20)

To upe this progression, XRsiz and YRsiz values must be powers’of two for each component. A progression of this|type
might be useful in providing low resolution level versions of all image components at a particular spatial location.

NOTE — The iteration of variables x and y in the abowe“formulation is given for the simplicity only of expressiorf, not
implementation. Most of the (x, y) pairs generated by thisloop will generally result in the inclusion of no packets. More effjcient
iterations can be found based upon the minimum of the dimensions of the various precincts, mapped into the reference grid| This
npte also applies to the loops given for the following'two progressions.

B.12{1.4 Position-component-resolutionldevel-layer progression
Posifion-component-resolution level-layer-progression is defined as the interleaving of the packets in the following grder:
for each y = ty,..., ty1 —1,
for each x = gy o001 — 1,
for each+#=0,..., Csiz — 1
for each = 0,..., N; where N; is the number of decomposition levels for component i,

if (v divisible by YRsiz(i) - 27700+ Nel)=7) OR (= gy AND (1 - 21007 NorT
divisible by 2P D)+ NL(D)=r )

if ((x divisible by XRsiz() - 2P+ N =y OR (= ) AND @t - 210" NoT
divisible by 277D+ NLl)=ry)
for the next precinct, &, if one exists, in the sequence shown in Figure B.8

foreach/=0,...,L—1

packet for component i, resolution level r, layer / and precinct k.

In the above, k can be obtained from Equation (B-20). To use this progression, XRsiz and YRsiz values shall be powers
of two for each component. A progression of this type might be useful in providing high sample accuracy for a particular
spatial location in all components.
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B.12

.1.5 Component-position-resolution level-layer progression

Component-position-resolution level-layer progression is defined as the interleaving of the packets in the following order:

foreachi=0,..., Csiz— 1
for each y = tyo,..., ty1 — 1,
for each x = tx,..., tx; — 1,

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

if (O divisible by YRsiz(i) - 222D NLD=7y OR (= o) AND (1 - 2V =" NoT

divisible by 2P )+ NL(D)=r ),

In th
accul

B.12,

The

prog
If th
desc
LEp
orde
ever
level

Thug

Iq
1]

—

PPx(r, i)+ N.(i)-r ) OR ((x = £x0) AND (trxo - 2NL(i)—r

if ((x divisible by XRsiz(i) - 2
divisible by 227X i)+ N (i) =7,
for the next precinct, k, if one exists, in the sequence shown in Figure B8
foreach/=0,...,L -1
packet for component i, resolution level 7, layer / and precinct £.

e above, k£ can be obtained from Equation (B-20). A progression of this type might be useful in providing
Facy for a particular spatial location in a particular image component.

2 Progression order volumes

NOT

high

78

progression order default is signalled in the COD marker segment in the_main header or tile headers (see A.6.1)} The
Fession loops of B.12.1 all go from zero to the maximum value.
s progression order is to be changed, the POC marker segmentyis used (see A.6.6). In this case, the "for 1qops"
ibed in B.12.1 are limited by start points (CSpoc, RSpoc, Layer'= 0, inclusive) and end points (CEpoc, REpo¢ and
c, exclusive). This creates a progression order volume of packets. All the packets included in the entire progregsion
volume are found in order in the codestream before the.next progression order change takes effect. No packet is
repeated in the codestream. Therefore, the layer alwaysistarts with the next one for a given tile-component, resolption
and precinct. The decoder is required to determine‘the next layer.
, the variables in the above loops are bounded:by the progression order volume as described in Equation (B-21)).
CSpod <i< CEpod
RSpod <r< REpod (B-21)
0 < /< LEpod
OTE - Figure B.14 shows-an example of two progression volumes for a single component image. First packets are s¢nt in
solution level-layer-component-position progression until the box labelled "First" in the figure is complete; then packets arg sent
layer-resolution level-component-position progression for the layers of all resolution levels which were not previously serft.
Resolution level
(0,0) >
First 4
Second
e
3 v v e
3
& >
&« >
v
T.800(19)_FB.14
Figure B.14 — Example of progression order volume in two dimensions
d
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B.12.3  Progression order change signalling

If there is a progression order change, then at least one POC marker segment shall be used in the codestream (see A.6.6).
There can only be one POC marker segment in a given header (main or tile-part) but that marker segment can describe
many progression order changes.

If the POC marker segment is found in the main header, it overrides the progression found in the COD for all tiles. The
main header POC marker segment is used for tiles that do not have POC marker segments in their tile-part headers.

If a POC marker segment is used for an individual tile, there shall be a POC marker in the first tile-part header of that tile
and all of the progression order changes shall be signalled in the tile-part headers of that tile. The COD progression order
and the main header POC marker segment (if there is one) are overridden.

If there are progression order changes signalled by POC marker segments (whether in the main header or the tile-part
headprs), then all the order of all the packets in the codestream, or the affected tile-parts of the codestream ghdll be
desctibed by progression order volumes in the POC marker segments. There will never be the case where a progregsion
ordet volume is filled and the next one is not defined. On the other hand, the POC marker segments may deseribe fnore
progression order volumes than exist in the codestream. Also, the last progression order volume in each.file mgdy be
incomplete.

The [POC marker segments shall describe progression order volumes in order in any tile-partzheader before the| first
inclyded packet appears. However, the POC marker may be, but is not required to be, in the tilépart header immediately
before the progression order volume is used. It is possible to describe many progression order volumes in a tile-part h¢ader
even|though these progression order volumes do not appear until later tile-parts.
NOTE - For example, all of the progression order volumes can be described as one POC markér'segment in the first tile-part header
of a tile. Figure B.15a shows this scenario. Equally acceptable, in this case, is describing two progression order volumes in thf first
tile-part header and one in the third, as shown in Figure B.15b.

A4
doc povi || pov2 |, PQVacont. .. POV3
Tile-part 0 Tile-part 1 Tile-part 2

a) All of the progression order volumes are described in*the POC marker segments in the first tile-part header

doc povi || pov2 |, POV2 cont. oo | poC POV3
Tile-part 0 Tile-part 1 Tile-part 2
T.800(19)_KB.15

b) Progression order volumes ¢-and 2 are described in the POC marker segments in the first tile-part header,
progression order volumé 3 described in the third tile-part header

Figure B.15 — Example of the placement of POC marker segments

© ISO/IEC 2019 - All I"lghtS reserved Rec. ITU-T T.800 (06/2019) 79


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

ISO/IEC 15444-1:2019 (E)

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)
pairg 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 |Internatjonal
Stanglard, CX is a label for a context.

Db
CD
ENCODER |——»
cX

T.800(15)_FC.1

Figure C.1 — Arithmetic encoder inputs and.outputs

C.1.1 Recursive interval subdivision (informative)

The fecursive probability interval subdivision of Elias coding is the basis for the binary arithmetic coding process. With
each|binary decision the current probability interval is subdivided into two sub-intervals, and the code string is modified
(if ngcessary) so that it points to the base (the lower bound) of the,probability sub-interval assigned to the symbol which
occufred.

In thg partitioning of the current interval into two sub-intervals, the sub-interval for the more probable symbol (MES) is
ordefed above the sub-interval for the less probable\symbol (LPS). Therefore, when the MPS is coded, the|LPS
sub-interval is added to the code string. This coding)convention requires that symbols be recognized as either MES or
LPS/ rather than 0 or 1. Consequently, the size\gf the LPS interval and the sense of the MPS for each decision mulst be
known in order to code that decision.

Sinc¢ the code string always points to the'base of the current interval, the decoding process is a matter of determining, for
each|decision, which sub-interval ispointed to by the compressed image data. This is also done recursively, using the
samg interval sub-division process'as)in the encoder. Each time a decision is decoded, the decoder subtracts any intprval
the epcoder added to the code string. Therefore, the code string in the decoder is a pointer into the current interval relative
to the base of the current intetval. Since the coding process involves addition of binary fractions rather than concatenption
of integer code words, the_ more probable binary decisions can often be coded at a cost of much less than one bit per
decigion.

Cl1z2 Codingconventions and approximations (informative)

The foding operdtions are done using fixed precision integer arithmetic and using an integer representation of fractjonal
valugs in,which 0x8000 is equivalent to the decimal 0.75. The interval A is kept in the range 0.75 < A < 1.5 by doupling
it whenever the integer value falls below 0x8000.

The code register C is also doubled each time A is doubled. Periodically, to keep C from overflowing, a byte of
compressed image data is removed from the high order bits of the C-register and placed in an external compressed image
data buffer. Carry-over into the external buffer is prevented by a bit-stuffing procedure.

Keeping A in the range 0.75 < A < 1.5 allows a simple arithmetic approximation to be used in the interval subdivision.
The interval is A and the current estimate of the LPS probability is Qe, a precise calculation of the sub-intervals would
require:

A — (Qe * A) = sub-interval for the MPS (C-1)

Qe * A = sub-interval for the LPS (C-2)
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Because the value of A is of order unity, these are approximated by:

A — Qe = sub-interval for the MPS (C-3)
Qe = sub-interval for the LPS (C4)

Whenever the MPS is coded, the value of Qe is added to the code register and the interval is reduced to A — Qe. Whenever
the LPS is coded, the code register is left unchanged and the interval is reduced to Qe. The precision range required for
A is then restored, if necessary, by renormalization of both A and C.

With the process illustrated above, the approximations in the interval subdivision process can sometimes make the LPS
sub-interval larger than the MPS sub 1nterval If, for example the value of Qe is 0.5 and A is at the mlmmum allowed
value-ef0 ervalto a g g ersion,
the MPS and LPS 1ntervals are exchanged whenever the LPS 1nterva1 is larger than the MPS 1nterval Th1s MPS
conditional exchange can only occur when a renormalization is needed.

Whehever a renormalization occurs, a probability estimation process is invoked which determines a new probability
estimate for the context currently being coded. No explicit symbol counts are needed for the estimation. The relative
probpbilities of renormalization after coding an LPS or MPS provide an approximate symbol counting‘mechanism which
is used to directly estimate the probabilities.

C.2 Description of the arithmetic encoder (informative)

The ENCODER (Figure C.2) initializes the encoder through the INITENC procedure. CX'and D pairs are read and passed
on td ENCODE until all pairs have been read. The probability estimation procedures-which provide adaptive estimates of
the pfrobability for each context are embedded in ENCODE. Bytes of compressed\image data are output when necessary.
Wheh all of the CX and D pairs have been read, FLUSH sets the contents of the C-register to as many 1 bits as pogsible
and then outputs the final bytes. FLUSH also terminates the encoding and.generates the required terminating markey.

OTE — While FLUSH is required in Rec. ITU-T T.88 | ISO/IEC 14492;.it is informative in this Recommendation | Internafional
tandard. Other methods, such as that defined in D.4.2, are acceptable.

wn 'z
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ENCODER

INITENC

C.2.
The

The
the ¢

Read CX, D

:

ENCODE

No

FLUSH

Done

T.800(19)_FC.2

Figuré €.2 — Encoder for the MQ-coder

| Encoder code register conventions (informative)

Table C.1 — Encoder register structures

flow charts given in this annexX assume the register structures for the encoder shown in Table C.1.

MSB LSB
C-register 0000 cbbb bbbb bsss XXXX XXXX XXXX XXXX
A-register 0000 0000 0000 0000 laaa aaaa aaaa aaaa

'a" bit§ are the fractional bits in the A.register (the current interval value) and the "x" bits are the fractional b
pde-register. The "s" bits are spacer bits which provide useful constraints on carry-over, and the "b" bits indicat

ts in
e the

bit p

Stions from which the ComplICicd DYICS Ol thc COMMPIesscd image dadld arc removed Iro1n tne L,-register. 1ne

" 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

anne
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Encoding a decision (ENCODE) (informative)

The ENCODE procedure determines whether the decision D is a 0 or not. Then a CODEO or a CODE1 procedure is called
appropriately. Often embodiments will not have an ENCODE procedure, but will call the CODEO or CODEI procedures
directly to code a 0-decision or a 1-decision. Figure C.3 shows this procedure.

ENCODE

C.2.3

Whe
or it

i

Ny Yoo
I = ]
CODE1 CODE(
T.800(19)“FC.3

Done

Figure C.3 — ENCODE procedure

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

h a given binary decision is coded, one of two possibilities occurs.— the symbol is either the more probable sy

mbol
S the

valug

is the less probable symbol. CODE1 and CODEQ are illustratedin Figures C.4 and C.5. In these figures, CX i
contgxt. For each context, the index of the probability estimate#hich is to be used in the coding operations and the MPS
are stored. MPS(CX) is the sense (0 or 1) of the MPS forcontext CX.
CODE1
l No “Mps(cx) =171 l
CODPELPS CODEMPS
l |
T.800(19)_FC.4
Done
Figure C.4 — CODEI1 procedure
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C.2

The
of thi
to th
the ¢
is co
MPS

CODE0
l No ~Mps(Cx) =09 >>Yes l
CODELPS CODEMPS
| J
T.800(19)_FC.5
Done

Figure C.5 — CODEO procedure

| Encoding an MPS or LPS (CODEMPS and CODELPS) (informative)

84
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CODELPS (Figure C.6) procedure usually consists of a scaling of the interval to Qe(I(CX)), the probability estiimate
e LPS determined from the index I stored for context CX. The upper interval is.first calculated so it can be compared
e lower interval to confirm that Qe has the smaller size. It is always followed\by a renormalization (RENORME). In
vent that the interval sizes are inverted however, the conditional MPS/LPS exchange occurs and the upper intprval
ded. In either case, the probability estimate is updated. If the SWITCH flag for the index I(CX) is set, then the
(CX) is inverted. A new index I is saved at CX as determined from the next LPS index (NLPS) column in Tabld C.2.
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CODELPS

A=A—Qe(I(CX))

!

No_ 7 Qeaicyng S Yes

. .

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

Yes

SWITCH(I(CX))
=17

No

v

MPS(CX) = 1 - MPS(CX)

1(CX) = NLPS(I(CX))

!

RENORME

Done

T.800(19) FC.6

Figure'C.6 — CODELPS procedure with conditional MPS/LPS exchange

Table C.2 — Qe values and probability estimation

Qe _Value
Index NMPS NLPS SWITCH
(hexadecimal) (binary) (decimal)
0 0x5601 0101 0110 0000 0001 0.503 937 1 1 1
1 0x3401 0011 0100 0000 0001 0.304 715 2 6 0
2 0x1801 0001 1000 0000 0001 0.140 650 3 9 0
3 0x0ACl1 0000 1010 1100 0001 0.063 012 4 12 0
4 0x0521 0000 0101 0010 0001 0.030 053 5 29 0
5 0x0221 0000 0010 0010 0001 0.012 474 38 33 0
6 0x5601 0101 0110 0000 0001 0.503 937 7 6 1
7 0x5401 0101 0100 0000 0001 0.492 218 8 14 0
8 0x4801 0100 1000 0000 0001 0.421 904 9 14 0
9 0x3801 0011 1000 0000 0001 0.328 153 10 14 0
10 0x3001 0011 0000 0000 0001 0.281 277 11 17 0
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Table C.2 — Qe values and probability estimation

Qe_Value
Index NMPS NLPS SWITCH
(hexadecimal) (binary) (decimal)
11 0x2401 0010 0100 0000 0001 0.210 964 12 18 0
12 0x1C01 0001 1100 0000 0001 0.164 088 13 20 0
13 0x1601 0001 0110 0000 0001 0.128 931 29 21 0
14 0x5601 0101 0110 0000 0001 0.503 937 15 14 1
15 0x5401 0101 0100 0000 0001 0.492 218 16 14 0
16 0x5101 0101 0001 0000 0001 0.474 640 17 15 0
17 0x4801 0100 1000 0000 0001 0.421 904 18 16 0
18 0x3801 0011 1000 0000 0001 0.328 153 19 17 0
19 0x3401 0011 0100 0000 0001 0.304 715 20 18 0
20 0x3001 0011 0000 0000 0001 0.281 277 21 19 0
21 0x2801 0010 1000 0000 0001 0.234 401 22 19 0
22 0x2401 0010 0100 0000 0001 0.210 964 23 20 0
23 0x2201 0010 0010 0000 0001 0.199 245 24 21 0
24 0x1CO01 0001 1100 0000 0001 0.164 088 26 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 0.099634 30 27 0
30 0x0AC1 0000 1010 1100 0001 0.063 012 31 28 0
31 0x09C1 0000 1001 1100 0001 0.057 153 32 29 0
32 0x08A1 0000 1000 1010 0001 0.050 561 33 30 0
33 0x0521 0000 0101 0010 0001 0.030 053 34 31 0
34 0x0441 0000 0100 0100.0001 0.024 926 35 32 0
35 0x02A1 0000 0010 1010 0001 0.015 404 36 33 0
36 0x0221 0000 0010~0010 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 0x0025 0000 0000 0010 0101 0.000 847 42 39 0
42 0x00]15 0000 0000 0001 0101 0.000 481 43 40 0
43 0x0009 0000 0000 0000 1001 0.000 206 44 41 0
44 0x0005 0000 0000 0000 0101 0.000 114 45 42 0
45 0x0001 0000 0000 0000 0001 0.000 023 45 43 0
46 0x5601 0101 0110 0000 0001 0.503 937 46 46 0

C.2.5  Probability estimation

Table C.2 shows the Qe value associated with each Qe index. The Qe values are expressed as hexadecimal integers, as
binary integers and as decimal fractions. To convert the 15-bit integer representation of Qe to the decimal probability, the
Qe values are divided by (4/3) * (0x8000).

The estimator can be defined as a finite-state machine — a table of Qe indexes and associated next states for each type of
renormalization (i.e., new table positions) — as shown in Table C.2. The change in state occurs only when the arithmetic
coder interval register is renormalized. This is always done after coding the LPS and whenever the interval register is less
than 0x8000 (0.75 in decimal notation) after coding the MPS.

After an LPS renormalization, NLPS gives the new index for the LPS probability estimate. If the switch is 1, the MPS
symbol sense is reversed.
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CODEMPS

A=A-Qe(I(CX))

l

No Yes
A AND 0x8000 = 0?

A

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

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

|

A

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

i ?

RENORME

Done
T.800(15)_FC.7

Figure C.7 — CODEMPS procedure with conditional MPS/LPS exchange

The |ndex to the current estimate is partof the information stored for context CX. This index is used as the index tp the
tablel of values in NMPS, which gives the next index for an MPS renormalization. This index is saved in the coptext
storage at CX. MPS(CX) does not ¢hange.

The procedure for estimating-the probability on the LPS renormalization path is similar to that of an MPS renormalizgtion,
except that when SWITCH(I(CX)) is 1, the sense of MPS(CX) is inverted.

The final index stat€¢ 46/can be used to establish a fixed 0.5 probability estimate.

C.2.¢ Renormalization in the encoder (RENORME) (informative)

Rengrmalization is very similar in both encoder and decoder, except that in the encoder it generates compressed bity 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=07

l Yes

BYTEOUT

T.800(19)_FC.8

Figure C.8 — Encoder renormalization procedure

C2% Compressed image data output (BYTEOUTY) (informative)

The BYTEOUT routine called from RENORME"is illustrated in Figure C.9. This routine contains the bit-stulffing
procgdures which are needed to limit carry. propagation into the completed bytes of compressed image data.| The
conventions used make it impossible for 4 carry to propagate through more than the byte most recently written tp the
compressed image data buffer.
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BYTEOUT

b left

ked.
r the
B is

Yes ¢ < 0x80000002
lNo
B=B+1
No
Yes
C = C AND 0x7FFFFFF g
A A
BP=BP + | BP=BP+ |
B=C>>19 B=C>>20
C =C AND 0x7FFFF C = C AND 0xFFFFF
CT=8 ! CT=7
Done
T.800(15)_FC.9
Figure C.9 - BYTEOUT procedure for encoder
brocedure in the block in theslower right section does bit stuffing after a OxFF byte; the similar procedure on th
is for the case where bit stuffing is not needed.
he byte pointed to by)the compressed image data buffer pointer BP. If B is not a OXxFF byte, the carry bit is che
If th¢ carry bit is set;)it.is added to B and B is again checked to see if a bit needs to be stuffed in the next byte. Aftd
need| for bit stuffing has been determined, the appropriate path is chosen, BP is incremented and the new value of
gved from€hg code register "b" bits.
C.2.3 Initialization of the encoder (INITENC) (informative)
[NITENC procedure is used to start the arithmetic coder. After MPS and I are initialized, the basic steps are sh

The
in F

own

igure C.10.

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

89


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

ISO/IEC 15444-1:2019 (E)

INITENC

A =0x8000
Cc=0
BP=BPST - 1
CT=12

I

The

AL
INU

B = OxFF?

lYes

CT=13

Done

Figure C.10 — Initialization of the encoder

T.800(19). FE.1D

nterval register and code register are set to their initial valués; and the bit counter is set. Setting CT = 12 reflecfs the

fact that there are three spacer bits in the register which need to.be filled before the field from which the bytes are rempved
is reached. BP always points to the byte preceding the position BPST where the first byte is placed. Therefore, if the
prec¢ding byte is a OxFF byte, a spurious bit stuff will,@é¢ur, but can be compensated for by increasing CT. The ipitial
settimgs for MPS and I are shown in Table D.7.

C.2.9

Termination of coding (FLUSH) (informative)

The [FLUSH procedure shown in Figure €. is used to terminate the encoding operations and generate the reqgired

term

Inating marker. The procedure guarantees that the OxFF prefix to the marker code overlaps the final bits of the

compressed image data. This guaraptees that any marker code at the end of the compressed image data will be recogpized

and |

nterpreted before decoding is cemplete.

90
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FLUSH

SETBITS

BYTEOUT

!

C=C=<<(CT

!

BYTEOUT

Yes

No

BP=BP+1 Discard B

T.800(19)_FC.11

Figure C.11 — FLUSH procedure

The firsDpart 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

.

C > TEMPC?

i Yes

C=C-0x8000

No

Done

T.800(19)_FC.12

Figure C.12 — Setting the final bits in the C register

The pyte in the C-register is then completed by shifting C, and two.bytes are then removed. If the byte in buffer B [is an
OxFH then it is discarded. Otherwise, buffer B is output to the bitéstream.

NOTE — This is the only normative option for termination in Rec.ITU-T T.88 | ISO/IEC 14492. However, further reduction pf the
bjt stream is allowed in this Recommendation | InternationalStandard provided correct decoding is assured (see D.4.2).

C3 Arithmetic decoding procedure

Figure C.13 shows a simple block diagram of\a-binary adaptive arithmetic decoder. The compressed image data CI}) and
a comtext CX from the decoder's model unit (not shown) are input to the arithmetic decoder. The decoder's output is the
decigion D. The encoder and decoder model units need to supply exactly the same context CX for each given decisipn.

CD
DECODER —P
CX

T.800(15)_FC.13

Figure C.13 — Arithmetic decoder inputs and outputs

The DECODE gure C alizes decode oug DEC.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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C.3.
The

|

flow charts given in this annex assume the register structures for the decoder shown in Table C.3.

Read CX

D=DECODE

Done

T.800(19)_FC.14

Figure C.14 — Decoder-for the MQ-coder

Decoder code register conventions

Table) C.3 — Decoder register structures

MSB

LSB

Cliglh fegister

XXXX XXXX

XXXX XXXX

Clow register

bbbb bbbb

0000 0000

A-register

daaa aaaa

daaa aaaa

Chigh and Clow can+be thought of as one 32-bit C-register in that renormalization of C shifts a bit of new data fromp the

MSH
vlbu l:

The
Note)

its of Clow gne byte at a time.

Hetailéd-description of the handling of data with stuff-bits will be given later in this annex.

of Clow to thé\.LSB of Chigh. However, the decoding comparisons use Chigh alone. New data is inserted intp the

thab the comparisons shown in the various procedures in this clause assume precisions greater than 16 bits. Logical

comparisons can be used with 16-bit precision.

C3.2

Decoding a decision (DECODE)

The decoder decodes one binary decision at a time. After decoding the decision, the decoder subtracts any amount from
the compressed image data that the encoder added. The amount left in the compressed image data is the offset from the
base of the current interval to the sub-interval allocated to all binary decisions not yet decoded. In the first test in the
DECODE procedure illustrated in Figure C.15 the Chigh register is compared to the size of the LPS sub-interval. Unless
a conditional exchange is needed, this test determines whether an MPS or LPS is decoded. If Chigh is logically greater
than or equal to the LPS probability estimate Qe for the current index I stored at CX, then Chigh is decremented by that
amount. If A is not less than 0x8000, then the MPS sense stored at CX is used to set the decoded decision D.
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Whe
con

DECODE

A=A-Qe(I(CX))

}

NO —Chigh < Qe(Cxy? > Y

.

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

h a renormalizatioh~is’ needed, the MPS/LPS conditional exchange may have occurred. For the MPS patl

itional exchange procedure is shown in Figure C.16. As long as the MPS sub-interval size A calculated as thd

step [n Figure C.16,is not logically less than the LPS probability estimate Qe(I(CX)), an MPS did occur and the dec
can be set fromd MPS(CX). Then the index I(CX) is updated from the next MPS index (NMPS) column in Table
howg¢ver, thesEPS sub-interval is larger, the conditional exchange occurred and an LPS occurred. D is set by inve
MPY(CX). The probability update switches the MPS sense if the SWITCH column has a "1" and updates the index I

fro

thesnext LPS index (NLPS) column in Table C.2. The probability estimation in the decoder needs to be identig

1 the
first
ision
2. If
rting
CX)
al to

the probabiiity estinration i theencoder:
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MPS_EXCHANGE

No Yes

|

D

= MPS(CX)

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

A < Qe(I(CX))? l

D =1-MPS(CX)

For the LPS path of the decoder, the conditional exchange procedure is given the LPS EXCHANGE procedure shoy
e C.17. The same logical comparison between the MPS sub-interval A and the LPS sub-interval Qe(I(
detetimines if a conditional exchange occurred."On both paths the new sub-interval A is set to Qe(I(CX)). On the leff]
onditional exchange occurred so the decision and update are for the MPS case. On the right path, the LPS dec

Figu

the d
and 1

ipdate are followed.

SWITCH(I(CX)) = 17

MPS(CX) = 1 — MPS(CX)

A 4

1(Cx) = NLPS(I(CX)

Return D

T.800(19)_FC.16

Figure C.16 — Decoder MPS path, conditional exchange procedure

VN in
X))
path
ision
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LPS_EXCHANGE

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

SWITCH(I(CX)) = 17

MPS(CX) = 1 — MPS(CX)

A 4

1(Cx) = NLPS(I(CX)

Return D
T.800(19)_FC.17

Figure C.17 — Decoder LPS path\conditional exchange procedure
C.3.3

The
num
the H

Both|

Renormalization in the decoder (RENORMD)

RENORMD procedure for the decoder renormalization is illustrated in Figure C.18. A counter keeps track o
ber of compressed bits in the Clow sectiofi 0f the C-register. When CT is zero, a new byte is inserted into CIg
YTEIN procedure. The C-register in this'procedure is the concatenation of the Chigh and Clow registers.

if the
W in

the interval register A and the code register C are shifted, one bit at a time, until A is no longer less than 0x8000.
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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 — Decoder ¥enormalization procedure

C3.4 Compressed image data input (BYTEIN)

The BYTEIN procedure called from RENORMDLis illustrated in Figure C.19. This procedure reads in one byte of data,
compensating for any stuff bits following the.0xFF byte in the process. It also detects the marker codes which must ¢ccur
at th¢ end of a coding pass. The C-register‘in/this procedure is the concatenation of the Chigh and Clow registers.

BP=BP+ |

C=C+(B<<8)
CT=8
3 A
BP=BP+1 L
C=C+(B<<9) Cf%ngwm
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 0XFFO0O0 to the C-register and setting the bit counter CT to 8.

If B1 is not a marker code, then BP is incremented to point to the next byte which contains a stuffed bit. The B is added
to the C-register with an alignment such that the stuff bit (which contains any carry) is added to the low order bit of Chigh.

C.3.5 Initialization of the decoder (INITDEC)

The INITDEC procedure is used to start the arithmetic decoder. After MPS and I are initialized, the basic steps are shown
in Figure C.20.

INITDEC

BP = BPST
C=B<<16

l

BYTEIN

!

C=C<<1
CT=CI=7%
A= 0x8000

Done

T.800(19)_FC.20

Figure C.20 — Initialization of the decoder

BP, the pointer to the eompressed image data, is initialized to BPST (pointing to the first compressed byte). The firstbyte
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 th¢n shifted by 7bits and CT is decremented by 7, bringing the C-register into alignment with the starting value pf A.
The |nterval register A is set to match the starting value in the encoder. The initial settings for MPS and I are shown in
Tablg D.7.

C.3.9 Resetting arithmetic coding statistics

At certain points during the decoding some or all of the arithmetic coding statistics are reset. This process involves
returning [(CX) and MPS(CX) to their initial values as defined in Table D.7 for some or all values of CX.

C.3.7 Saving arithmetic coding statistics

In some cases, the decoder needs to save or restore some values of [(CX) and MPS(CX).
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Annex D

Coefficient bit modelling

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

In this annex, the flow charts and tables are normative only in the sense that they are defining an output that alternative

imp

lementations 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
elemfent to the least significant bit-plane. For each bit-plane in a code-block, a special code-block scan pattern is psg
each|of three coding passes. Each coefficient bit in the bit-plane appears in only one of the three coding passes ¢
signifficance propagation, magnitude refinement and cleanup. For each pass contexts are created which ar€provid
the arithmetic coder, CX, along with the bit stream, CD (see C.3).

D.1

Code-block scan pattern within code-blocks

Eachy bit-plane of a code-block is scanned in a particular order. Starting at the top left, the first four coefficients g
first polumn are scanned, followed by the first four coefficients of the second column and o ‘e, until the right side d
codefblock is reached. The scan then returns to the left of the code-block and the second'set of four coefficients in
column is scanned. The process is continued to the bottom of the code-block. If the-code-block height is not divisib)
4, the last set of coefficients scanned in each column will contain fewer than 4 members. Figure D.1 shows an exal
of thp code-block scan pattern for a code-block.

D.2

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 9O |13 |17 | 21 [ 25| 29 |33 37 | 41 | 45| 49| 53 | 57 | 61

2 6 10 | 14 [ 18 [ 22| 26 |- 30, 34 | 38 | 42 | 46 | 50 | 54 | 58 | 62

3 T 110 [ 15 (19|23 | 2D) 31 | 35 (39| 43 | 47 | 51 | 55 | 59 | 63

64

T.800(19)_FD.1

Figure D.1 — Example scan pattern of a code-block bit-plane

Coefficient bits and significance

D.2.]1 General'case notations

The
bits
and

Hecoding-procedures specified in this annex produce for each transform coefficient (u, v) of sub-band b the dec
whieh will be used to reconstruct the transform coefficient value gx(u, v). The bits produced are: a sign bit s
4 tumber Np(u, v) of decoded magnitude MSBs, ordered from most to least significant: MSBi(b, u, v) is the ith

d for
alled
bd to

f the
f the
each
le by
mple

oded
u, v)
MSB

of tr

ansformr coetficient (7, vy of sub-bamd o (=1, Vi1, V)~ As Idicated i Equation (D=1); the Stgmbits5(1r; 7v)

1as a

value of one for negative coefficients and of zero for positive coefficients. The number N,(u, v) of decoded MSBs includes
the number of all zero most significant bit-planes signalled in the packet header (see B.10.5).
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D.2.2 Notation in the case with ROI

In the case of the presence of the RGN marker segment (indicating the presence of an ROI), modifications need to be
made to the decoded bits, as well as the number of decoded bits Nx(u, v). These modifications are specified in H.1. In the
absence of the RGN marker segment, no modification is required.

D.3

Decoding passes over the bit-planes

Each coefficient in a code-block has an associated binary state variable called its significance state. Significance states
are initialized to 0 (coefficient is insignificant) and may become 1 (coefficient is significant) during the course of the
decoding of the code-block. The "significance state" changes from insignificant to significant (see the clause below) at
the bit- plane where the most srgnrﬁcant magnltude bit equal to 1 1s found. The context vector for a glven current

coeft
Figu
treat

In ggneral, a current coefficient can have 256 possible context vectdrs. These are clustered into a smaller numb
cont¢xts according to the rules specified below for context formation: Four different context formation rules are def
one for each of the four coding passes: significance coding, sign.ceding, magnitude refinement coding and cleanup co
These coding operations are performed in three coding passes over each bit-plane: significance and sign coding]
signifficance propagation pass, magnitude refinement coding in a magnitude refinement pass, and cleanup and sign ¢
in a ¢leanup pass. For a given coding operation, the context label (or context) provided to the arithmetic coding engi

a lab

S

The
deco
coefl

the ¢oefficients that are predigted, or "most likely", to become significant and their sign bits, as appropriate.
magnitude refinement pass‘ificludes bits from already significant coefficients. The cleanup pass includes all the rema

coefl

D.3.

The
coef}

signiﬁcant then it is given a 1 value for the creation of the context, otherwise it is given a 0 value. The mapping t
contgxts-also depends on the sub-band.

NOTE — Although (for the sake of concreteness),specific integers are used in the tables below for labelling contexts, the t
uped for context labels are implementation-dependent and their values are not mandated by this Recommendation | Interna

e D.2. Any nearest neighbour lying outs1de the current coefﬁc1ent's code—block is regarded as 1ns1gn1ﬁcant @@e.
bd as having a zero significance state) for the purpose of creating a context vector for decoding the current eqeffigi

D, Vo D,

H, X H,

D, \s D,

T.800(19) FD.2

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

el assigned to the current coefficient's context,

tandard.

first bit-plane within the current block with a non-zero element has a cleanup pass only. The remaining bit-plang
ded in three coding passes. Edch)coefficient bit is decoded in exactly one of the three coding passes. Which p
icient bit is decoded in depends on the conditions for that pass. In general, the significance propagation pass inc

icients.

| Significancé propagation decoding pass

pight surrounding neighbour coefficients of a current coefficient (shown in Figure D.2 where X denotes the cu
ficient)-are used to create a context vector that maps into one of the 9 contexts shown in Table D.1. If a coeffici

er of
ned,
ding.
in a
ding
ne is

bkens
ional

s are
Ass a
udes
The
Ining

rrent
Ent is
b the

Table D.1 — Contexts for the significance propagation and cleanup coding passes

LL and LH sub-bands HL sub-band HH sub-band Context
(vertical high-pass) (horizontal high-pass) (diagonally high-pass) label®

D H; DV > D D H; DV D, Z(Hl +Vi) D,

2 xb X X 2 X X >3
>1 X >1 1 X >1 2
1 0 >1 0 1 >1 0 2
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Table D.1 — Contexts for the significance propagation and cleanup coding passes

LL and LH sub-bands HL sub-band HH sub-band Context
(vertical high-pass) (horizontal high-pass) (diagonally high-pass) label®
1 0 0 0 1 0 >2 1 5
0 2 X 2 0 X 1 1 4
0 1 X 1 0 0 1 3
0 0 >2 0 0 >2 >2 0 2
0 0 1 0 0 1 1 0 1
0 0 0 6 6 6 6 0 6

a)

b)

Note that the context labels are indexed only for identification convenience in this Recommendation | International Standard.
The actual identifiers used is a matter of implementation.

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

The

to be
(alor
state
state

D.3.

The gontext label for sign bit decoding is determined using another context vecter from the neighbourhood. Comput

of t
the

For

significance propagation pass only includes bits of coefficients that were insignificant (the significance state has yet

set) and have a non-zero context. All other coefficients are skipped. The context is delivered to the' arithmetic de¢oder

g with the bit stream) and the decoded coefficient bit is returned. If the value of this bit is¥Dthen the signifidance
is set to 1 and the immediate next bit to be decoded is the sign bit for the coefficient~Otherwise, the signifidance

remains 0. When the contexts of successive coefficients and coding passes are/eonsidered, the most current
significance state for this coefficient is used.

Sign bit decoding

rizontal neighbours. The second step reduces those contributions€o ofie of 5 context labels.

e first step, the two vertical neighbours (see Figure D.2) areconsidered together. Each neighbour may have ope of

ation
context label can be viewed as a two-step process. The first step sumimarizes the contribution of the vertical and

threq states: significant positive, significant negative, or insignificant. If the two vertical neighbours are both signifficant
with|the same sign, or if only one is significant, then the verti¢al contribution is 1 if the sign is positive or —1 if the sign

is nefgative. If both vertical neighbours are insignificant, ex both are significant with different signs, then the ve

rtical

conttibution is 0. The horizontal contribution is created/the same way. Once again, if the neighbours fall outsidg the
codetblock 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

VO (or HO) V1 (or H1) V (or H) contribution
significant, positive significant, positive 1
significant, négative 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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D.3

The
beco

The

3 Magnitude refinement pass

Table D.3 — Sign contexts from the vertical and horizontal contributions

CI(;Il?tl:iZ[?;tizln cor&.ﬁ:ﬁ:} on Context label XORbit
1 13 0
1 0 12 0
1 -1 11 0
0 1 10 0
0 0 9 0
0 -1 10 1
=1 1 11 1
-1 0 12 1
-1 -1 13 1

magnitude refinement pass includes the bits from coefficients that are already significant (except.those that hav
me significant in the immediately preceding significance propagation pass).

P just

context used is determined by the summation of the significance state of the horiZontal, vertical and diagonal

neighbours. These are the states as currently known to the decoder, not the states used before the significance decqding

pass

The

coefficient in the current bit-plane.

D.3.4 Cleanup pass

The

cleanjup pass not only uses the neighbour context, like that of the significance propagation pass, from Table D.1, but
a rurl-length context.

Duri

can fow have any value because the coefficients that were found to be significant in the significance propagation pag

cons
conti
(incl
contq
coef}

Othé'

Table D.4 — Contexts for the magnitude refinemeént coding passes

ZH' + ZV + ZD' First refinement for this‘coefficient Context label
1 1 1
x? false 16
>1 true 15
0 true 14
8 "x"indicates a "don't care" state.

context is passed to the arithmetic coder along with the bit stream. The bit returned is the value of the cu

remaining coefficients were previously insignificant and not handled by the significance propagation pass.

hg this pass the neighbour contexts for the coefficients in this pass are recreated using Table D.1. The context
dered to be significant in the cleanup pass. Run-lengths are decoded with a unique single context. If the
hding context coefficients from previous magnitude, significance and cleanup passes), then the unique run-Ig

Xt is given to the arithmetic decoder along with the bit stream. If the symbol 0 is returned, then all four contig
icients'in the column remain insignificant and are set to zero.

Furthermore, it is dependent on whether this is the first refinement bit (the bit(immediately after the signifidance
and gign bits) or not. Table D.4 shows the three contexts for this pass.

rrent

The
also

label
S are
four

guous coeffiCients in the column being scanned are all decoded in the cleanup pass and the context label for alf is 0

ngth
uous

- edl 1 11 - 4 14l R | - il £, e o 4 - 4] 1 - - b
wISL, 11 UIv D)’lllUUl I IS TULULTICU, UIVID Al ICAadSt ULIV UL uUIv 10Ul bUlllléuUuD CUUIIIVIUIIL 11T UIC CUTULLITT IS Dlulllll

cant.

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
coefﬁc1ent§ na Symbols with . . Symbols decoded Number of
column remaining to Four contiguous bits to be . a) .
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
Skipto-tiird coetticientsigm TO T
skip to fourth coefficient sign 11 0
false none X none rest of'\colump

a)

See Annex C.

If thgre are fewer than four rows remaining in a code-block, then no run-length coding is used. Once again, the signifig
state|of any coefficient is changed immediately after decoding the first I magnitude bit.

D.3.% Example of coding passes and significance propagation (informative)

Tablp D.6 shows an example of the decoding order for the quantized coefficients of one 4>coefficient column in the
This|example assumes all neighbours not included in the table are identically zero,-and’indicates in which pass ead
is defoded. The sign bit is decoded after the initial 1 bit and is indicated in the table\by the + or — sign. The very first
in a hew block is always a cleanup pass because there can be no predicted signiticant, or refinement bits. After the]
pass, the decoded 1 bit of the first coefficient causes the second coefficient fo'be decoded in the significance pass fq
next|bit-plane. The 1 bit decoded for the last coefficient in the second-cleanup pass causes the third coefficient
decofded in 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+

Refinement 1 1

Cleanup

Significance 1+

Refinement 0 1 1

Cleanup

ance

scan.
h bit
pass
first
r the
o be
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D4 Initializing and terminating

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

Table D.7 — Initial states for all contexts

Context Initial index from Table C.3 MPS
UNIFORM 46 0
Run-length 3 0
All zero neighbours (context label 0 in Table D.1) 0
All other contexts 0

In nqrmal operation (not selective arithmetic coding bypass), the arithmetic coder shall be terminated either at-the 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 jterminhtion
pattgrns for the coding passes in a code-block. The COD or COC marker signals which termination 'pattern is fused
(see A.6.1 and A.6.2).

Table D.8 — Arithmetic coder termination patterns

" Pass .Cod_ing Operation Coding Operation Terminatipn

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
finall significance propagation A€ AC, terminate
finall magnitude refinement AC AC, terminate
finall cleanup AC, terminate AC, terminate

Wheh multiple terminations of the arithmetic coder@ye present, the length of each terminated segment is signalled ip 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 are avajlable
ap in-bit-stream marker values.

D4.1 Expected codestream termination

The flecoder anticipates that the (giyen number of codestream bytes will decode a given number of coding passes bgfore
the arithmetic coder is terminated. During decoding, bytes are pulled successively from the codestream until all the bytes
for those coding passes hayve’been consumed. The number of bytes corresponding to the coding passes is specified ip the
packet header. Often at that point there are more symbols to be decoded. Therefore, the decoder shall extend the inpfit bit
stream to the arithmefic,coder with OxFF bytes, as necessary, until all symbols have been decoded.

It is pufficient te.append no more than two OxFF bytes. This will cause the arithmetic coder to have at least one pgir of
consgcutive OxFF bytes at its input which is interpreted as an end-of-stream marker (see C.3.4). The bit stream does not
actuglly contain a terminating marker. However, the byte length is explicitly signalled enabling the terminating marKer to
be synthesized for the arithmetic decoder.

1\ A bt acamaandad 1o 4l a ratbhacimanlact oo sl o ] a ALia

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:

The

1) Identify the number of bits in code register, C, which must be pushed out through the byte buffer. This is

givenby k= (11-CT) + 1.
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 codestr

cam.

This step shall be skipped 1f the byte in the byte bufter has an OxFF byte value.

relevant truncation length in this case is simply the total number of bytes pushed out onto the codestreant.

If th¢ predictable termination flag is not set, the last byte output by the above procedure can generally be modified, W
certafin bounds, without affecting the symbols to be decoded. It will sometimes be possible to augment the last byte ¢
speclal value, OxFF, which shall not be sent. It can be shown that this happens approximately 1/8 of the time.

D.4.3 Length computation (informative)

To include coding pass compressed image data into packets, the number of bytes to be ificlhided must be determing

the

ding pass compressed image data is terminated, the algorithm in the previous ¢lause may be used. Otherwisg

encofer should calculate a suitable length such that corresponding bytes are sufficiéat-for the decoder to reconstrug
coding passes.

D.5 Error resilience segmentation symbol

A segmentation symbol is a special symbol. Whether it is used isisignalled in the COD or COC marker segn
(see ]A.6.1 and A.6.2). The symbol is coded with the UNIFORM eontext of the arithmetic coder at the end of eacl
plang¢. The correct decoding of this symbol confirms the correctriéss of the decoding of this bit-plane, which allows

detegtion. At the decoder, a segmentation symbol 1010 or 0xA should be decoded at the end of each bit-plane (at th¢

ofa

tleanup pass). If the segmentation symbol is not decoded correctly, then bit errors occurred for this bit-plane.

NOTE — This can be used with or without the predictable\termination.

D.6 Selective arithmetic coding bypass

This|style of coding allows bypassing the atithmetic coder for the significance propagation pass and magnitude refine
coding passes starting in the fifth significant bit-plane of the code-block. The COD or COC marker signals wheth
not this coding style is used (see A.6 t-and A.6.2).

The

fou

ithin
o the

d. If
, the
t the

hents
1 bit-
error
end

ment
er or

first cleanup pass (which is\the first bit-plane of a code-block with a non-zero element) and the next three sgts of
sigriﬁcance propagation, magnitude refinement and cleanup coding passes are decoded with the arithmetic coder] The
cleanup pass shall inclide an arithmetic coder termination (see Table D.9).
Table D.9 — Selective arithmetic coding bypass
Bit-plane number Pass type Coding operations
1 cleanup Arithmetic Coding (AC)
2 significance propagation AC
2 magnitude refinement AC
2 cleanup AC
3 significance propagation AC
3 magnitude refinement AC
3 cleanup AC
4 significance propagation AC
4 magnitude refinement AC
4 cleanup AC, terminate
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Start]
retur

bit sfuffing precedes the return of bits. Specifically, this routine throws out the first bit after an OxFF byte value.) |

each

Whe
refin
1s. Ti
Whe
prop
The
term

The

whetle raw_value =1 is a negative sign bit and raw_value = ( 13 a positive sign bit. Table D.9 shows the coding sequ

The
head|
term

N
e

Ifa
in th

At th
IS as

signilficant bit of the next byte. Once all bits of the coding pass have been assembled, the last byte is packed to the

boun
N

S
K

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

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
Tinal cleanup AC, terminate

ing with the fourth significance propagation and magnitude refinement coding passes, the bits that would have
hed from the arithmetic coder are instead returned directly from the bit stream. (A routine that undoes.the effeq

magnitude refinement pass the bit stream has been "terminated" by padding to the byte boundary,

h the predictable termination flag is set (see COD and COC in A.6.1 and A.6.2) and all the'bits from a magn|
ement pass have been assembled, any remaining bits in the last byte are filled with an alternating sequence of 0
his sequence should start with a 0 regardless of the number of bits to be padded.

h the termination on each coding pass flag is set (see COD and COC in A.6.1 and A.6.2), then the signifig
hoation passes are terminated in the same way as the magnitude refinement passes.

tleanup coding passes continue to receive compressed image data directlydom the arithmetic coder and are al
Inated.

bign bit is computed with Equation (D-2):

signbit = raw_value (

ength of each terminated segment, plus the length:0f’any remaining unterminated passes, is signalled in the p
er as described in B.10.7. If termination on each coding pass is selected (see A.6.1 and A.6.2), then every pa
Inated (including both raw passes).

fficiency.

xFF value is encountered in the bit stream, then the first bit of the next byte is discarded. The sequence of bits
 selective arithmetic coding bypass have been stuffed into bytes using a bit-stuffing routine.

e encoder, bits are packed, into bytes from the most significant bit to the least significant bit. Once a complete
embled, it is emitted to the bit stream. If the value of the byte is an O0xFF, a single zero bit is stuffed into the

dary and emitted: The last byte shall not be an OxFF value.

OTE 2 — Sincévthe decoder appends OXxFF values, as necessary, to the bit stream representing the coding pass (see D

ich truncation’is not permitted. The last byte cannot be an 0xFF, since the bit-stuffing routine appends a new byte followir
' which,has the, most significant bit value of 0 and unused bits filled with the alternating sequence of 0 and 1 value bits.

D.7

been
ts of
A fter

tude
5 and

ance

vays

D-2)

Ence.

icket
ss is

OTE 1 — Using the selective bypass mode when encoding an image with an ROI may significantly decrease the comprdssion

used

byte
most
byte

4.1),
.6.2),
g the

3 101
CIUTr

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 b

106

it labelled 15 is decoded assuming D> = Vi = D3 =0 in Figure D.2.
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D.8 Flow diagram of the code-block coding

The steps for modelling each bit-plane of each code-block can be viewed graphically in Figure D.3. The decisions made
are in Table D.10 and the bits and context sent to the coder are in Table D.11. These show the context without the selective
arithmetic coding bypass or the vertically causal model.

Start coding passes for a code-block bit-plane

Start of
N Yes
significance < < Do

propagation

Start of cleanup pass
Yes
D1
Yes Yes
No c4 » DI
hy HYes "No lNo
No
C5
C1 |
No <
Yes v
v Cl C2 Yes
D3 >k €2 b
< No D3
No . v
Y S 2o .
Yes DI0 > CO | ClI
D4 Co ‘No
No
Y Yes 0
Start] c|>f magnitude co —
refingment pass -
< No
b4 N
Yes v
DI2 No End of coding passes for
a code-block bit-plane
Yes
Co
"3
3
D7 D co [
No

T.800(19)_FD.3

Figure D.3 — Flow chart for all coding passes on a code-block bit-plane

© ISO/IEC 2019 - All I"lghtS reserved Rec. ITU-T T.800 (06/2019) 107


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

ISO/IEC 15444-1:2019 (E)

Table D.10 — Decisions in the context model flow chart

Decision Question Description
DO Is this the first significant bit-plane for the code-block? See D.3
D1 Is the current coefficient significant? See D.3.1
D2 Is the context bin zero? (see Table D.1) See D.3.1
D3 Did the current coefficient just become significant? See D.3.1
D4 Are there more coefficients in the significance propagation?

D5 Is the coefticient insignificant? See D.3.3
D6 Was the coefficient coded in the last significance propagation? See D.3.3
D7 Are-there-more-coetficients-in-the-magnituderefinement-pass2
D8 Are four contiguous undecoded coefficients in a column each with a 0 context? See D34
D9 Is the coefticient significant or has the bit already been coded during the Significance See D.3.4
Propagation coding pass?
D1 Are there more coefficients remaining of the four column coefficients?
D1 Are the four contiguous bits all zero? See D.3.4
D11 Are there more coefficients in the cleanup pass?
Table D.11 — Decoding in the context model flow chart
Code Decoded symbol Context Brief explanation Descriptign
0 - - Go to the next coefficient ot ¢olumn
1 Newly significant? Table D.1, Decode significance bit,of current coefficient See D.3.
9 context labels (significance propagation or cleanup)
2 Sign bit Table D.3, Decode sign bitof current coefficient See D.3.1
5 context labels
3 Current magnitude Table D.4, Decode.magnitude refinement pass bit of current See D.3.3
bit 3 context labels coefficient
4 0 Run-length context | Decode run-length of four zeros See D.3.4
1 label Decode run-length not of four zeros
5 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.J
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

E.1

For
follo|

1 lhaal-tlhate £ £ o2 4 | da Tt
[[OCTSS Oy wWinTCIT Tt ATTSTOTTIIT COULTTITUTUITTS ~ar U TOU O CUTIT PpTOUTSTOTIY

Inverse quantization procedure
pach transform coefficient (u, v) of a given sub-band b, the transform coefficient value gs(u, y) is*given b

wing equation:

Nb(u,v)

%(u,v) = (1—2sb(u,v))- Z MSB,-(b,u,v)-2M”_i
i=1

whetle sp(u, v), Np(u, v) and MSB(b, u, v) are given in D.2, and where M, is retrieved using Equation (E-2), wher

num

Each
Rqi(
N

q
p

E.1.]
E.1.]

For i
Ry of

N

In E
and 4

per of guard bits G and the exponent &, are specified in the QCD or QCC farker segments (see A.6.4 and A.6
Mb =G+ Ep — 1

decoded transform coefficient gs(u, v) of sub-band b is used to generate a reconstructed transform coeffi
1, v), as will be described in E.1.1.

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

Ny, (u,v)

hantizer with step size 2Mb B - Ay, for all thelcoefficients of this code-block. Due to the nature of the three ¢

hsses (see D.3), No(u, v) may be different for differentycoefticients within the same code-block.
Irreversible transformation

.1 Determination of the quantization step size

sub-band b, the exponent & and mantissa i, as given in Equation (E-3).

Ay =28 =% LH%J
2
OTE — The-detiominator, 2!, in Equation (E-3) is due to the allocation of 11 bits in the codestream for s, as given in Table

uation,(E-3), the exponent g, and the mantissa p, are specified in the QCD or QCC marker segments (see
\.675), and the nominal dynamic range R; (as given by Equation (E-4)) is the sum of R; (the number of bits us|

reprg

y the

E-1)
e the
5).

E-2)
cient

calar

bding

rreversible transformation, the quantization step size A, for a given sub-band b is calculated from the dynamic fange

E-3)

A.30.

\.6.4
ed to

sent the original tile-component samples which can be extracted from the SIZ marker — see Table A.11 in A.5.1

and

the base 2 exponent of the sub-band gain (gain,) of the current sub-band b, which varies with the type of sub-band b
(levLL, levLH or levHL, levHH — see F.3.1) and can be found in Table E.1.

Table E.1 — Sub-band gains

sub-band b gainp log2(gain)
levLL 1 0
levLH 2 1
levHL 2 1
levHH 4 2
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R, =R, + Ing(gai"%)

(E-4)

The exponent/mantissa pairs (€s,L15) are either signalled in the codestream for every sub-band (expounded quantization)
or else signalled only for the N;LL sub-band and derived for all other sub-bands (derived quantization) (see Table A.30).
In the case of derived quantization, all exponent/mantissa pairs (€s,L15) are derived from the single exponent/mantissa pair

(&0,10) corresponding to the N;LL sub-band, according to Equation (E-5):
(gb’l’tb) = (SU_NL+nb9Ho) (E-S)
where 1, denotes the number of decomposition levels from the original tile-component to the sub-band b.
NOTE - For a given sub-band b, a quantized transform coefficient may exceed the dynamic range R».
E.1.1.2 Reconstruction of the transform coefficient
For irreversible transformation, the reconstructed transform coefficient is given by Equation (E-6):
(q_b(u,v)+ r2Me = Nb(”’v)) - Ay for %(u,v) >0
Rq,, (u,v) = (q_b(u,v)— 2 Ms = Nb(”’v)) - Ay for %(u,v) <0 E-6)

whete 7 is a reconstruction parameter, which can be arbitrarily chosen by the decoder.

E.1

E.1

For feversible transformation, the quantization step size Ax%8 equal to one (no quantization is performed).

E.1

For

whether all the coefficient bits are decoded, i, whether Ny(u, v) = M, or Ny(u, v) < M.
If N,

If N,

0 for %(u,v) =0

NOTE — The reconstruction parameter » may be chosen for example to_ produce the best visual or objective quality for
r¢construction. Generally, values for  fall in the range of 0 < < 1, and a common value is = 1/2. (This note also applies to H.1.2).
y Reversible transformation

2.1 Determination of the quantization step size

.2.2 Reconstruction of the transform coefficient

feversible transformation, the reconstructed transform coefficient Rg; (u,
Rap(u,v) = qp(u,)

L(%(u,v) +r2Ms = Nb(”’v))- AbJ
Raplae) = las ) - r2¥o =), |

0

u, v) = Mp, then the reconstructed transform coefficient Rgx(u, v) is given by Equation (E-7).

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

v) is recovered differently depending on

E-7)

for %(u,v) >0
for %(u,v) <0 E-8)

for %(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).

110

qp (u,v) = sign(ap (u,v)) - {M

Ap
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where A, is the quantization step size. The exponent &, and mantissa corresponding to A, can be derived from
Equation (E-5), and must be recorded in the codestream in the QCD or QCC markers (see A.6.4 and A.6.5).

For reversible compression, the quantization step size is required to be 1. In this case, a parameter ¢, has to be recorded
in the codestream in the QCD or QCC markers (see A.6.4 and A.6.5), and is calculated as:

gp =Ry +logy (gainb)+CC (E-10)

where R;and gain are as described in E.1.1, and where . is zero if the RCT is not used and . is the number of additional
bits added by the RCT if the RCT is used, as described in G.2.1.

For both reversible and irreversible compression, in order to prevent possible overflow or excursion beyond the nominal

bits for the integer representation of g»(u, v) used at the encoder side is defined by Equation (E-2). The number-G of guard
bits hhas to be specified in the QCD or QCC marker (see A.6.4 and A.6.5). Typical values for the number of guard bifs are
G=lorG=2.

rang{ of the integer representation of iqb \u,v A arising, for example during floating point calculations, the number A} of
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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.
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Tile-component parameters

ider the tile-component defined by the coordinates, fcxo, tcxi, tcyo and fcy; given in Equation (B-12), ir B.3.
pordinates (x, y) of the tile-component (with sample values /(x, ) lie in the range defined by:

texg < x < texp and feyg £y < fey

Discrete wavelet transformations

Low-pass and high-pass filtering (informative)

erform the forward discrete wavelet transformation (FDWT), this Recomniendation | International Standard u|
limensional sub-band decomposition of a one-dimensional array of samples’into low-pass coefficients, represe

ual version of the original array, needed to perfectly reconstruct th€ original array from the low-pass array.

erform the inverse discrete wavelet transformation (IDWT),this* Recommendation | International Standard u|
limensional sub-band reconstruction of a one-dimensional” array of samples from low-pass and high
icients.

Decomposition levels

tile-component is transformed into a set of two-dimensional sub-band signals (called sub-bands), each represe
ctivity of the signal in various frequency “bands, at various spatial resolutions. Ny denotes the numb
mposition levels.

Discrete wavelet filters (informative)

Recommendation | International Standard specifies one reversible transformation and one irrever
formation. Given that tile=component samples are integer-valued, a reversible transformation requires
fication of a rounding proeedure for intermediate non-integer-valued transform coefficients.

Inverse discréte wavelet transformation

The IDWT procedure

nverse discrete wavelet transformation (IDWT) transforms a set of sub-bands, as(us, v») into a DC-level shifted
ponent;»(x, y) (IDWT procedure). The IDWT procedure also takes as input a parameter Nz, which represent

mar.

Then

F-1)

5es a
nting

wnsampled low-resolution version of the original array, and high-pass. coefficients, representing a downsanppled

ses a
-pass
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bt of

sible
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ber-of\decomposition levels (see Figure F.1). The number of decomposition levels N is signalled in the COD or
ers(see A 61 and A 62)
ah(uh’vh) [EEE—N
Ifx, y)
IDWT
NL
—>
T800(15)_FF.1

Figure F.1 — Inputs and outputs of the IDWT procedure
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The sub-bands are labelled in the following way: an index lev corresponding to the decomposition level, followed by two
letters which are either LL, HL, LH or HH.

The sub-band b = levLL corresponds to a downsampled version of sub-band (/ev — 1)LL which has been low-pass filtered
vertically and low-pass filtered horizontally. The sub-band » = OLL corresponds to the original tile-component. The
sub-band b = levHL corresponds to a downsampled version of sub-band (/ev — 1)LL which has been low-pass filtered
vertically and high-pass filtered horizontally. The sub-band b = levLH corresponds to a downsampled version of sub-band
(lev — 1)LL which has been high-pass filtered vertically and low-pass filtered horizontally. The sub-band b = levHH
corresponds to a downsampled version of sub-band (/ev — 1)LL which has been high-pass filtered vertically and high-pass
filtered horizontally.

For a given value of N, only the following sub-bands are present in the codestream, and in the following order (these
sub-bands are sufficient to fully reconstruct the original tile-component):

N;LL, N;HL, N,LH, NHH, (N, — 1)HL, (N, — 1)LH, (N, — )HH,..., IHL, 1LH, 1HH.

For 4 given sub-band b, the number n, represents the decomposition level at which it has been generated at'the time of
encofling, and is given in Table F.1:

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

b NILL N HL N LH NHH (NL—1)HL (No—1)HL (No—1)HL 1HL 1LH 1HH
np NL NL NL NL NL—1 NL—1 NL—1 1 1 1

The pub-bands for the case where N =2 are illustrated in Figure F.2.

Aypy (ogps Varr)
\ Ay, (Unpgrs Vo)

D Uiy Vo)

kn]

b (i Varpy)

(g, Vi)

IDWT
> I(x, )

(U g Vies) Ay Ui Vi)

T.800(19)_FH2

Figure F.2 — The IDWT (N.=2)

The IDWT procedure statts with the initialization of the variable /ev (the current decomposition level) to N;. The 2I) SR
procedure (see F.3.2) isperformed at every level /ev, where the level lev decreases at each iteration, until V; iterations are
performed. The 2D<SR procedure is iterated over the /evLL sub-band produced at each iteration. Finally, the sub-{band
aorz (uorr, vorsisithe output array I(x, y).

As defined\inr Equation (B-15), the indices (us, vs) of sub-band coefficients ay(us, v») for a given sub-band b lie ih the
rangg¢ defined by:

thxy < uy, < thxy and thyy < vy, < thy, (F-2)
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Figure F.3 describes the IDWT procedure.
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Figure F.5).
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Figure F.3 — The IDWTE procedure
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2D SR procedure performs a reconstruction of .sub=band agev- 1)rr (#, v) from the four sub-bands, asevzr(3
(u, v), alevrr(u, v) and aievur(u, v) (see Figure F.4). The total number of coefficients of the reconstructed /
pand is equal to the sum of the total number.6f) coefficients of the four sub-bands input to the 2D SR procs

Aoy~ DLL

T.800(15)_FF.4

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

DreviL,

DrovHL.

2D SR

Figure F.5 — One level of reconstruction from four sub-bands (2D_SR procedure) into sub-bands
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First, the four sub-bands ajevrz(u, v), @ievir(u, v), aievia(u, v) and ajevmr(u, v) are interleaved to form an array a(u, v) using
the 2D INTERLEAVE procedure. The 2D SR procedure then applies the HOR SR procedure to all rows of a(u, v), and
finally applies the VER SR procedure to all columns of a(u, v) to produce the reconstructed sub-band
a(ev—1rr(u, v). Figure F.6 describes the 2D SR procedure.
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2D SR

a =2D_INTERLEAVE(a,,,;;. @ Qperiie Qevie Yo > Vor Vi)

!

a=HOR SR(g Lo U Ve v\\

l

Qe 1= YER_SR(a, uy uy, vy, v))

Done

T.800(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 intétleaves the coefficients of four sub-bands ajevrr, qieviiz,
AleviH, Alevirr to form a(u, v). The values of ug, u1, vo, vi used by.the 2D INTERLEAVE procedure are those of tbxo,|tbx1,
tbyo,|tby: corresponding to sub-band b = (lev — 1)LL (see defthition in Equation (B-15)).

The way these sub-bands are interleaved to form the oufput a(u, v) is described by the 2D INTERLEAVE procg¢dure
given in Figure F.8.

Devri >

Qieviil >

— %etw’ | oD INTERLEAVE — % &
Qi
lln, u,, Vn, ‘VI
— P

T.800(15)_FF.7

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

Y

u, = Fun/ﬂ
v, = Fv0/2—|

b =leviL

»

>
A

aCuy, 2v,) = a,(u,, v,)

v

u, = LMO/ZJ
v, = Fv0/2-|

b =levHL

A

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

v

u, =t 1

=luy21 l

A

Vy

*

=[uy2]

N

v

|
=
=
+
—_

i/lhf

Yes

v, = vt

;

Yes

u, =l uy2]
v, = Lv0/2J

b= levLH

Ll

P
Y

aCuy, 2w+ 1) =@, v,)

v

b = levHH
u, =Luy2]
v, = |_vn/2J

>

A

aCuy,+ 1, 2v,+ 1) = ay(u,, v,)
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*

1, = u,+ 1 u, =+ 1

. No
=l uy2 ] Luy2] Yes
v, 4 v, =v,t 1

No

Figure F.8 — The 2D _INTERLEAVE procedure
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F.3.4 The HOR_SR procedure

The HOR_SR procedure performs a horizontal sub-band reconstruction of a two-dimensional array of coefficients. It
takes as input a two-dimensional array a(u, v), the horizontal and vertical extent of its coefficients as indicated by
uo < u <ujand vo < v < vy (see Figure F.9) and produces as output a horizontally filtered version of the input array, row by
TOW.

As illustrated in Figure F.10, the HOR SR procedure applies the one-dimensional sub-band reconstruction (1D_SR
procedure) to each row v of the input array a(u, v), and stores the result back in each row.

a(u, v)

HOR_SR a, V)

Uy, Upy Vo, Vy

T.800(15)_FF.9

Figure F.9 — Inputs and outputs of the HOR_SR procedure
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HOR_SR
V=1,
Ip = Uy

Y(u) = a(u, v)

:

X(u) = 1D_SR(Y(w), iy, i))

:

a(u, v) = X(u)

:

v=vy+ 1]

No

Done

T.800(19)_FF.10
Figure F.10 — The HOR_SR procedure
F.3.5 The VER~SR procedure

The VER_SR proeedure performs a vertical sub-band reconstruction of a two-dimensional array of coefficients. It fakes
as input a twoxdimensional array a(u, v), the horizontal and vertical extent of its coefficients as indicated by uo < § <u;
and o < y <wy (see Figure F.11) and produces as output a vertically filtered version of the input array, column by colfimn.

As illustrated in Figure F.12, the VER SR procedure applies the one-dimensional sub-band reconstruction (11} SR
procedure) to each column u of the input array a(u, v) and stores the result back in each column.
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a(u, v)

VER SR |4V,

Uy, Uy, Vi, Vy

T.800(15)_FF.11

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

VER SR

}

U=,

Y(v) = a(u, v)

:

X(v) = ID_SR(Y(v), iy, %)

!

d(u, v) = X(v)

:

u=u+1

No

Yes

Done

T.800(19)_FF.12

Figure F.12 — The VER_SR procedure
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F.3.6 The 1D_SR procedure

As illustrated in Figure F.13, the 1D SR procedure takes as input a one-dimensional array Y(i), the extent of its
coefficients as indicated by io < i <i). It produces as output an array X, with the same indices (o, i1).

¥y

IDSR | —2 »
i()’ i]

T.800(15)_FF.13

F‘ignrp F.13 — Pnrarnelm_ﬂj;thuﬂ:SR_pmpedure

For gignals of length one (i.e., io = 71— 1), the 1D SR procedure sets the value of X(ip) to Y(io) if io is an eveh integer], and
X(io)|to Y(io)/2 if iy is an odd integer.

For gignals of length greater than or equal to two (i.e., io < 71— 1), as illustrated in Figure F.14, the 1D>SR procedurq first
uses|the ID_EXTR procedure to extend the signal ¥ beyond its left and right boundaries resulting-in the extended sjgnal
Yeu, pnd then uses the 1D _FILTR procedure to inverse filter the extended signal Y., and produce the desired filfered
signgl X. The 1D EXTR and 1D FILTR procedures depend on whether the 9-7 irreversible wavelet transform
(irreyersible transformation) or 5-3 reversible wavelet transform (reversible transformation) is selected: this is signplled
in the COD or COC markers (see A.6.1 and A.6.2).

ID SR

Y,,= ID_EXTR(%J, 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 4D 'EXTR procedure

As ilfustratediin Figure F.15, the 1D _EXTR procedure extends signal Y by i, coefficients to the left and #:q coeffidients
to the right. 'The extension of the signal is needed to enable filtering at both boundaries of the signal.

Yot lr.-gh!

»
»

<
<

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

< »
< »

iy ii—1 T.800(15)_FF.15

Figure F.15 — Periodic symmetric extension of signal

The first coefficient of Y is coefficient iy, and the last coefficient of signal Y is coefficient i; — 1. This extension procedure
is known as "periodic symmetric extension". Symmetric extension consists of extending the signal with the signal
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coefficients obtained by a reflection of the signal centred on the first coefficient (coefficient iy) for extension to the left,
and in extending the signal with the signal coefficients obtained by a reflection of the signal centred on the last coefficient
(coefficient 71 — 1) for extension to the right. Periodic symmetric extension is a generalization of symmetric extension for
the more general case where the number of coefficients by which to extend the signal on any one side may exceed the
signal length i; — io: this case may happen at higher decomposition levels.

The 1D_EXTR procedure calculates the values of Y..(i) for values of i beyond the range ip <i<ij, as given in
Equation (F-3):

Y, (i)=Y(PSE,(i, iy, 1)) (F-3)

ext

where PSEo(i, io, 1) is given by Equation (F-4):

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

Two| extension procedures are defined, depending on whether it is the 5-3 wavelet transformation (1D _EXTRs.3
procedure) or 9-7 wavelet transformation (1D_EXTRg.7 procedure). The procedures only differ in the minimum valdes of

the gxtension parameters (i, . and iy,  for the 5-3 wavelet transformation, and i, - and Fyep,, , for the 9-7

wavglet transformation) which are given in Tables F.2 and F.3, and depend on the parity of the indices iy and 1. Vhlues
equal to or 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 left, , eft,.,
even 1
odd 2

Table F.3 — Extension to the right

il lright, Iright,.,
odd 1 3
even 2 4

F.3.9 The 1D_FILTR procedure

One [reversible filtering procedureAD"FILTRs.3r and one irreversible filtering procedure 1D FILTRo.71 are specjfied,
depending on whether the 5-3 reyetsible or 9-7 irreversible wavelet transformation is used.

As ilustrated in Figure F.16, both procedures take as input an extended 1D signal Y., the index of the first coefficignt o,
and the index of the coefficient /| immediately following the last coefficient (i1 — 1). They both produce as output, sigral X.

ext

ID FILTR |— X
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 _FILTs.3r procedure uses lifting-based filtering in conjunction with rounding operations. Equation (F-5) is first
performed for all values of # indicated, followed by Equation (F-6) which uses values calculated from Equation (F-5):
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X(2n)=v, (2n)- V“@” —)+ }“(2” +1)+2 J for B J <n< B J +1 (F-5)
X(@n+1)=1, (2n+1)+ LX (2n)+ X (2n + 2)J for Mq <M (F-6)

The values of X(k) are such that ip < k < i form the output of the 1D _FILTRs.3r procedure.

F.3.8.2 The 1D_FILTRy.71 procedure

The 1D-FILTRo.71 procedure uses lifting-based filtering (there is no rounding operation). The lifting parameters (a., 3,

Y, O) [T the Scating parameter & for ait fIHeTing Steps are detined M r.3.8.2. 1.

Equdtion (F-7) describes the two scaling steps (1 and 2) and the four lifting steps (3 to 6) of the 1D filtering-performed
on tHe extended signal Yexi(n) to produce the i; — iy coefficients of signal X. These steps are performed in the following
ordeft.
First]y, step 1 is performed for all values of # such that {z; J I1<n< [ ZJ + 2, and step 2 is performed for all values of
o
n sugh that -2<n< +2.
2 2
Ther, step 3 is performed for all values of 7 such that L%J I<n< L%J + 2, and uses values calculated in steps 1 and 2.
Ther, step 4 is performed for all values of n such that \‘%J I<n< L%J +1, and uses values calculated in steps 2 and 3.
Ther, step 5 is performed for all values of # such that LQJ H% LEIJ +1, and uses values calculated in steps 3 and|4.
Finally, step 6 is performed for all values of n such that {ZEOJ <n< L%J , and uses values calculated in steps 4 and 5|
X(2n)=KY,(2n) [STEPI]
X@2n+1)=(1/K)Y, (2n+1) [STEP2]
X2n)=x(2n)-8(x(2n-1)+ X(2n +1))  [STEP3] F7)
X(2n+1)=X(2n +1)-y(X(2n)+ X(2n +2)) [STEP4]
X(2n)=X(2n)-B(X(2n-1)+ X(2n +1))  [STEPS]
X(2n+1)= X(2n+1)-a(X(2n)+ X(2n +2)) [STEPG]
where the values of the lifting parameters (o, 8, y, 6) and K are defined in Table F.4.
Table F.4 — Definition of lifting parameters for the 9-7 irreversible filter
Parameter Exact expression Approximate value
a —g4/ g3 —1.586 134 342 059 924
B g/ —0.052 980 118 572 961
Y ri/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 iy < k <i; form the output of the 1D_FILTRo.7; procedure.
d
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F.3.8.2.1 Filtering parameters for the 1D_FILTRy.71 procedure

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

(ro, 11, So, to) from Table F.6. The parameters g, are defined in terms of parameters xi, Rxz and |x2|2 given in Table F.7.

All tables give a closed-form expression for all parameters, including approximations up to 15 decimal points.

Table F.5 — Definition of coefficients g

n Coefficients gn Approximate value of gn
2
0 5x1(48|x2| ~16%x, + 3)/ 32 —0.602 949 018 236 360
2
1 —5x1(8|x2| - ‘.sz) /8 0.266 864 118 442 875
2
2 5x1(4IXz| +4 9, — lj /16 0.078 223 266 528 990
3 —5x(Rx,)/ 8 ~0.016 864 118 442 875
4 5x; / 64 —0.026 748 757,410 810
Table F.6 — Intermediate expressions (o, I'1, So,-t0)
Parameter Exact expression Approximate value
70 —got2gi1ga/ g3 1.449 513 704 087 943
r1 —@tgatgigs/ g3 0.318 310 318 985991
S0 g1—g3—g3ro/ r 0.360 523 644 801 462
to 70— 211 0.812 893 066 115 961
Table F.7 — Intermediate expressions
Parameter Exagt expression Approximate value
A || 6314415 0.128 030 244 703 494
1080V15
B 63+ 14V15 ~0.303 747 672 895 197
1080V15
Xi A+B-1/6 —0.342 384 094 858 369
(4+B) 1
Rx2 TS % —0.078 807 952 570 815
2 2
ISR (4+5) LY 3(4-5) 0.146 034 820 982 800
2 6 4
F.4 |~ Forward transformation (informative)

F.4.1

The FDWT procedure (informative)

The forward discrete wavelet transformation (FDWT) transforms DC-level shifted tile-component samples /(x, y) into a
set of sub-bands with coefficients ax(us, vs) (FDWT procedure). The FDWT procedure (see Figure F.17) also takes as
input the number of decomposition levels N; signalled in the COD or COC markers (see A.6.1 and A.6.2).

© ISO/IEC 2019 - All rights reserved
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1(x,y) —*
> — ay(u, v)
N FDWT
L
e
—

T.800(15)_FF.17

Figure F.17 — Inputs and outputs of the FDWT procedure

As illustrated in Figure F.18, all the sub-bands in the case where N; = 2 can be represented in the following way:

CCTRIDE

gy (Uapgg, Vo) ———_ |

Gty Varn) T |

Aoy Vo) ———

g W i Vine)

I(x, y)
FDWT
ity L ViEn)

Ay iUy g Vipgpy)

Figure F.18 — The FDWT (N.=2)

The FDWT procedure starts with the initialization of the variable /ev (the ¢utrent decomposition level) to zero, and sg
the spb-band aozz(uorz, vors) to the input array /(u, v). The 2D _SD procedure is performed at every level lev, wher
level lev increases by one at each iteration, and until NV; iterations ar¢\performed. The 2D_SD procedure is iterated

the levLL sub-band produced at each iteration.

As dpfined in Annex B (see Equation (B-15)), the coordinates.of the sub-band ase.zz(u, v) lie in the range defined byj:

thxy <u < thxpCand thyy <v <thy

FDWT

lev=1

Figure F.19 describes the FDWT procedure.

ag (1, v) = I(u, v)

Done

y
T
=
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=
A
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T.800(19)_FF|
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(@perrr> Viovitrs Veri i Bpewrir) = 2Dst(a(iev nep Yo Uys Vs v

:

lev=1lev+1

‘ T.800(15) FF.19

Figure F.19 — The FDWT procedure
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F4.2 The 2D_SD procedure (informative)

The 2D_SD procedure performs a decomposition of a two-dimensional array of coefficients or samples ager - 1y22(u, V)
into four groups of sub-band coefficients aevrr(u, V), aievar(u, v), aieva(u, v) and aevar(u, v).

The total number of coefficients of the /ev;; sub-band is equal to the sum of the total number of coefficients of the four
sub-bands resulting from the 2D_SD procedure.

Figure F.20 describes the input and output parameters of the 2D _SD procedure.

ey »
»

a
lev—1)LL
Uev—1) QjevhL N

N 2D SD o
L R R | —M>

Qiovrinl I

T.800(19)_FF.20

Figure F.20 — Inputs and outputs of the 2D_SD procedure
Figure F.21 illustrates the sub-band decomposition performed by the 2D_SD procedure.

Ajevrr, AievHl,
2D SD
ey 1)LL >

AyoyLh Dieviipt

T.800(19)_FF.21

Figure F.21 — One-level decomposition into four'sub-bands (2D_SD procedure)

The 2D _SD procedure first applies the VER _SD procedure torall columns of a(u, v). It then applies the HOR _SD
procedure to all rows of a(u, v). The coefficients thus obtained ‘from a(u, v) are de-interleaved into the four sub-hQands
using the 2D DEINTERLEAVE procedure.

Figure F.22 describes the 2D _SD procedure.

2D SD

a=VER_SD(a,, 1,11 ¥ Uy, Vps V)

l

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

(Wevr1r Apevtirs Yerirp i) = 2D_DEINTERLEAVE(q, a1, u,, vy, v;)

T.800(19)_FF.22

Figure F.22 — The 2D_SD procedure
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F4.3 The VER_SD procedure (informative)

The VER_SD procedure performs a vertical sub-band decomposition of a two-dimensional array of coefficients. It takes
as input the two-dimensional array agev—1)r.(u, v), the horizontal and vertical extent of its coefficients as indicated by
uo < u <u; and vp < v <v; (see Figure F.23) and produces as output a vertically filtered version a(u, v) of the input array,
column by column. The values of uo, ui, vo, vi used by the VER SD procedure are those of tbxo, thxi, thyo, thy:
corresponding to sub-band b = (lev — 1)LL (see definition in Equation (B-15)).

a(u, v)
VER SD aw, v)
Uy, Uy, Vo, V)

T.800(15)_FF.23

Figure F.23 — Inputs and outputs of the VER_SD procedure

As illustrated in Figure F.24, the VER SD procedure applies the one-dimensional sub-band decomposition (10} SD
procgdure) to each column of the input array a(u, v), and stores the result back into each column,

u=1u,
h =V
H=w
J

v

X(v) = a(u, v)

!

Y(v) = 1D _SD(X(v), iy, i))

!

a(u, v) = Y(v)

T.800(15)_FF.24

Figure F.24 — The VER_SD procedure
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F.4.4 The HOR_SD procedure (informative)

The HOR_SD procedure performs a horizontal sub-band decomposition of a two-dimensional array of coefficients. It
takes as input a two-dimensional array a(u, v), the horizontal and vertical extent of its coefficients as indicated by
uo < u <u; and vp < v <v (see Figure F.25) and produces as output a horizontally filtered version of the input array, row
by row.

a(u, v)
HOR_SD alu, v)
Uy, Uy Vo, V)

+808tHe-FF26

Figure F.25 — Inputs and outputs of the HOR_SD procedure

As illustrated in Figure F.26, the HOR _SD procedure applies the one-dimensional sub-band decomposition (10} SD
procgdure) to each row of the input array a(u, v) and stores the result back in each row.

X@d) = a(u, v)

!

Y(u) = 1D_SD(X(w), iy, i)

!

a(u, v) = Y(u)

l

v=y+1

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.

Dyl >

a(, v) Doyt
L
2D DEINTERLEAVE a

Uy, Uy, Vg, V) - levLH

— el —

Diovpips

i 4

T.800(19)_FF.27

Figure F.27 — Parameters of 2D_DEINTERLEAVE procedure
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2D_DEINTERLEAVE

b =levLL b = levHL
u, = |—u0/2-| u, = Lu(,IZJ
Vb = |—V0/2—‘ Vh = |—an2—‘
i v
T, V) = a(2i, 27,0 W, v, = a2, + 1, 2v,)
v v
u, =u,+ 1 u, =u,+1
No No
up = |—u0/2-| Yes u,= LHO/ZJ Yes
1 vy = vt 4 V= vt 1
No ‘ Yes
Yes
: }
b =levLH b = levHH
u, =luy21 uy = Luy2]
v, = Lvy/2] v, =Lvy2]
:r k"
ayuy, vy) = a(2uy, 2vy+1) ayuy vy) = a2, + 1,2v, + 1)
v v
Up= 1y 1 Uy =y + 1
No No
u) £ ru0/2-| Yes u, = |_u(,/ 2] Yes
4 V]J = Vb+ 1 4 vh = vb+ 1
No ‘ Yes
T.800(15)_FF.28

Figure F.28 — The 2D_DEINTERLEAVE procedure
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F.4.6

The 1D_SD procedure (informative)

As illustrated in Figure F.29, the 1D _SD procedure takes as input a one-dimensional array X(i), the extent of its
coefficients as indicated by ip < i <. It produces as output an array Y(i), with the same indices (io, i1).

x|
IDSD —LX &

i(l’ i]
T.800(15)_FF.29

Figure E.29 — Parameters of the 1D SD procedure

For

integder, and to Y(io) = 2X(io) if iy is an odd integer.

For 4

first pses the 1D_EXTD procedure to extend the signal X beyond its left and right boundaries resulting in the exte]
1 Xex, and then uses the 1D FILTD procedure to filter the extended signal X.. and produce the desired filfered

signg
signg

F.4.7

ignals of length one (i.e., io =i1— 1), the 1D_SD procedure sets the value of Y(ip) to Y(ip) = X(ip) if ip/is an

ignals of a length greater than or equal to two (i.e., ip <ii— 1), as illustrated in Figure F.30, the*] D SD procq

17Y.

ID SD

X, = 1D _EXTD(X, iy

I

Y, = 1P, FILTD(X,,, iy, i)

ext

Done

T800(19)_FF.30
Figure F.30 — The 1D_SD procedure

The 1D_EXTD procedure (informative)

cven

dure

nded

The ID_EXTDprocedure is identical to the ID_EXTR procedure, except for the values of the lefty - » Lrighte., » Ufts s
and {5, s-Parameters, which are given in Tables F.8 and F.9.
Table F.8 — Extension to the left
io left, , Ieft,.,
even 2
odd 1
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Table F.9 — Extension to the right

i irights-s iright,_7
odd 2 4
even 1 3

8  The 1D_FILTD procedure (informative)

This Recommendation | International Standard specifies one irreversible procedure (1D_FILTDo.71) and one reversible
filtering procedure (1D_FILTDs.3r), depending on whether the 9-7 irreversible or 5-3 reversible wavelet transformation
is selected.

As i
and
The

odd-|ndexed coefficients of the signal Y are a high-pass downsampled version of the extended signal Xy

F.4.
The

revefsible wavelet filter. The reversible transformation is defined" using lifting-based filtering. The odd-ind

Equgtion (F-9):

Ther

and

The

F.4.
The

coefficients of output signal Y are computed first for all(values of n such that {E—‘—lﬁn<{%—‘ as givg

1ustrated n Figure k.51, both procedures take as iput an extended 1D signal Xy, the index ot the tirst coetticig
e index of the coefficient i; immediately following the last coefficient (i; — 1). They both produce an outputisign
pven-indexed coefficients of the Y signal are a low-pass downsampled version of the extended signal Xew, whil

ext

ID_FILTD |——»
i()’ il

T.800(15)_FF.31
Figure F.31 — Parameters of the 1D_FILTD procedure
8.1 The 1D_FILTDssr procedure (informative)

eversible transformation described in this clause is the reversible\ifting-based implementation of filtering by th

io

Y(2n+1)=X

ext,

(3r+1)- LXext(2n)+ ;(m(Zn v 2)J

Y(an)= x._(20)+ LY(Zn 1)+ j(Zn +1)+ 2J I

values of ¥Y(%k)'are such that iy < k< i) form the output of the 1D_FILTDs.3r procedure.

8.2 The 1D_FILTDo.7n1 procedure (informative)

the odd-indexed coefficients,of signal Y for all values of n such that {%} <n< [%—I as given in Equation (F-10):

nt iy,
hl, Y.
e the

e 5-3
exed

n in

F-9)

the even-indexed coefficients of eutput signal ¥ are computed from the even-indexed values of extended signal Xe.

-10)

rreversible transformation described in this clause is the lifting-based DWT implementation of filtering by th

e 9-7

irreversible filter.

Equation (F-11) describes the four lifting steps (1 to 4) and the two scaling steps (5 and 6) of the 1D filtering performed
on the extended signal X..(#) to produce the i1 — iy coefficients of signal Y. These steps are performed in the following
order.

Firs

The

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

n, step 2 is performed for all values of n such that {%—‘ —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 {%—‘ -1<n< {%—‘ , and uses values calculated at steps 1 and 2.

Then, step 4 is performed for all values of # such that {%w <n< [ —I , and uses values calculated at steps 2 and 3.

i
2
Finally, step 5 is performed for all values of n such that {%—l <n< [%—l and uses values calculated at step 3, and step 6

is performed for all values of # such that (%—‘ <n< {%—‘ and uses values calculated at step 4.

Y@2n+1)=X, (2n+1)+a(X, (2n)+ X, (2n+2)) [STEPI]
Y(2n)= X, (2n)+ B(Y(2n — 1)+ Y(2n +1)) [STEP2
Y2n+1)=Y2n+1)+y (Y(2n)+ ¥(2n+2)) [STEP3

]
% (H-11)
]
]

Y(2n)=Y(2n)+8(Y(2n —1)+ ¥(2n +1)) [STEPA
Y(2n+1)=KY(2n +1) [STEPS
Y(2n)=(1/K)Y (2n) [STEP6

whertle the values of the lifting parameters a, f3, y, 8, and K are defined in Table F.4.

The yalues of X(k) are such that ip < k < ij form the output of the 1D_FILTDy.7; procedure.
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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
are

lossl

G.1 DC level shifting of tile-components
Figu
samble Forward Forward Forward
» DC level [— component —» wavelet
shift trans. trans.
Figu
samble Forward Forward
» DC level > wavelet
shift trans.
G.1.]1 DC level shifting of tile-eomponents (informative)
DCI1
of a

wavq
samy

G.1.

Inve

I(x,p)« I(x,y)-2%"

coding

coding

P _«<Inverse DC level shifting of tile-components

annex also describes two different multiple component transformations. These multiple component transforma
sed to improve compression efficiency. They are not related to multiple component transformations used\to
coloyir values for display purposes. One multiple component transformation is reversible and may be usedfor los
bss coding. The other is irreversible and may only be used for lossy coding.

e G.1 shows the flow of DC level shifting in the system with a multiple component transformation.

Inverse
wavelet
trans.

—

Inverse
compeneént
trans.

Inverse DC
level shift

reconstry
sample

tions
map
By or

icted

Inverse
wavelet
trans.

Figure G.1 — Placement of the DC level shifting with cOomponent transformation

e G.2 shows the flow of DC level shifting in the system without a multiple component transformation.

Inverse DC

level shift

T.800(19)_H

reconstry
sample

»
>

icted

Figure G.2 — Placement of-the DC level shifting without component transformation

evel shifting is performed on.samples of components that are unsigned only. It is performed prior to the comput|
forward multiple component transformation (RCT or ICT), if one is used. Otherwise it is performed prior t
let transformation described in Annex F. If the MSB of Ssiz' from the SIZ marker segment (see A.5.1) is zer
les I(x, y) of the ithcomponent are level shifted by subtracting the same quantity from each sample as follows:

se-PDC level shifting is performed on reconstructed samples of components that are unsigned only. It is perfo

T.800(19)_H

»
»

G.2

ation
b the
b, all

G-1)

med

after the computation of the inverse multiple component transformation (RCT or ICT), if one is used. Otherwise it is
performed after the inverse wavelet transformation described in Annex F. If the MSB of Ssiz' from the SIZ marker
segment (see A.5.1) is zero, all samples /(x, y) of the ith component are level shifted by adding the same quantity from
each sample as follows:

I(x,y) «— I(x,y) 405

(G-2)

NOTE — Due to quantization effects, the reconstructed samples /(x, y) may exceed the dynamic range of the original samples. There
is no normative procedure for this overflow or underflow situation. However, clipping the value to the nearest value within the

original dynamic range is a typical solution.
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G.2

Reversible multiple component transformation (RCT)

The use of the reversible multiple component transformation is signalled in the COD marker segment (see A.6.1). The
RCT shall be used only with the 5-3 reversible filter. The RCT is a decorrelating transformation applied to the first three
components of an image (indexed as 0, 1 and 2). The three components input into the RCT shall have the same separation
on the reference grid and the same bit-depth.

NOTE — While the RCT is reversible, and thus capable of lossless compression, it may be used in truncated codestreams to provide
lossy compression.

G.2.1 Forward RCT (informative)

Prior to applying the Forward RCT, the image component samples are DC level shifted, for unsigned components.

The

orward RCT is annlied to components Tolxc ) L 1) L(x 1) as follows:
rr r AN 77 Y 77 AN

If 1o,
and
ensu

G.2.
Afte

Afte

G.3
This

Fe reversibility.

D Inverse RCT

applying the Inverse RCT, the-umisigned image components are inverse DC level shifted.

Irreversible multiple component transformation (ICT)

Yo(x’y)ztlo(x’y)"‘leg’y)"'lz(xay)J G-
Yl(x,y)=lz(x,y)—ll(x,y) (-
Y, (5, )= 1,(x.) = 1,(x.y) (-

the inverse wavelet transformation is preformed as described invAnnex F, the following Inverse RCT is applidd:

I, and I, are normalized to the same precision, then Equations (G-4) and (G<5)résult in a numeric precision pf Y;
> that is one bit greater than the precision of the original components. This‘increase in precision is necessafy to

¥ Y
Auyrﬂxmw—[ﬁﬁﬂjlﬁﬂw (B-6)
L(x00)=Y,(x,y)+ I,(x,) (G-7)
L(x,y)=Y(x,)+1,(x,) (G-8)

clause specifies an.irreversible multiple component transformation. The use of the irreversible compdnent

trangfformation is signalled in the COD marker segment (see A.5.1). The ICT shall be used only with the 9-7 irreveysible

filten
The

G.3.
The

| Forward ICT (informative)

Forward ICT is applied to image component samples /o(x, ¥), [i(x, ), Lo(x, y), as follows:

The ICT is a decorrelating transformation applied to the first three components of an image (indexed as 0, 1 arld 2).
hree components input into the ICT shall have the same separation on the reference grid and the same bit-depth.

Y, (x,)=0.299 I,(x, )+ 0.587 I,(x, y)+ 0.114 I, (x, y) (G-9)
Y, (x,y)=—-0.16875 I,(x,y)—0.331260 I,(x,y)+0.5 I,(x,y) (G-10)
Y,(x,3)=0.5 I,(x,)—0.41869 I,(x,y)—0.08131 I,(x,y) (G-11)

NOTE - If the first three components are Red, Green and Blue components, then the Forward ICT is of a YCbCr transformation.
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G.3.2 Inverse ICT

After inverse wavelet transformation is performed as described in Annex F, the following Inverse ICT is applied:

I,(x,y) =Yy (x, ) +1.402 Y,(x,y) (G-12)
L (x,y)=Y(x, )~ 0.34413 Y(x,»)-0.71414 Y,(x,y) (G-13)
L(x,y)=Y(x,»)+1.772 ¥(x,») (G-14)

Equations (G-12), (G-13) and (G-14) do not imply a required precision for the coefficients. After applying the Inverse

ICT. the nnqigned imﬂgp component qamp]eq are inverse DC level shifted

G4 Chrominance component sub-sampling and the reference grid

The telationship between the components and the reference grid is signalled in the SIZ marker (see A.5.1)\ahd descfibed
inBR.
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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

ed in

asso
this 4

H.1

The
the p

The
follo|

H.2

H.2.

The

enco|
qualj
desc

radadd dldtlbha ROIT | +la 1aady +. tad dtlhtla lo 1 Jd Tl tlad s d_d N
TATCT—WitIT T INO T PTCCUUT ST THITUTTITATTOTT dSSULTATU T Wit (O UaURKETU U T IO IO TIIO U O S TU TATU OU ST TO!

nnex) is the Maxshift method.

Decoding of ROI

brocedure specified in this clause is applied only in the case of the presence of an RGN marker segment (indic
resence of an ROI).

procedure realigns the significant bits of ROI coefficients and background coefficignts. It is defined using

wing steps:

1) Get the scaling value, s, from the SPrgn parameter of the RGN marker segment in the codest
(see A.6.3). The following steps (2, 3 and 4) are applied to each coeffigient (u, v) of sub-band b.

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

3) If Ni(u, v) 2 M, and if at least one of the first M, (see definition in E.1) MSBs (i = 1, ..., M) is non-
then the value of Ny(u, v) is updated as Ny(u, v) = M.

a) discard the first s MSBs and shift the renidining MSBs s places, as described in Equation (H-1
i=1,.., M
MSB;, \b,u,v) if i+s<Nplu,v
MSBi(b,u,v)= l+s( ) . b( ) (
0 if i+ 5> Np(u,v)
b) update the value of Nj(iz;v) as given in Equation (H-2):
Ny (,v)=max (0, N, (u,v) - s) (

Description of the-Maxshift method

| Encoding of ROI (informative)

encoding of ¢he. quantized transform coefficients is done in a similar way to encoding without any ROIs. A
der side ah ROI mask is created describing which quantized transform coefficients must be encoded with b
ty (eveirup to losslessly) in order to encode the ROI with better quality (up to lossless). The ROI mask is a bit
ibing these coefficients. See H.3 for details on how the mask is generated.

The

4) If Ny(u, v) > M, and if all first M, MSBs are equal to\zero, then the following modifications are madq:

hting
b the
ream
ation

zero,

, for

H-1)

[-2)

t the
etter
map

'11191’\1';’79!'] frnnq{:nrm (‘nF‘Fﬁ(“iPﬂfQ nnfciﬂp nf fI’\P pn‘ chl{ {‘Q]IP!'] ]‘\ﬂ{‘]{gf‘f\]]ﬂ[‘l (‘nF"Fﬁf‘;F‘an, are QPQIP(‘ ﬂn“n 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:

136

1) Generate ROI mask, M(x, y) (see H.3).
2) Find the scaling value s (see H.2.2).

3) Add s LSBs to each coefficient |qb (u,v} . The number M, of magnitude bit-planes will then be:

M,b ZMb+S (H-3)
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where M, is given by Equation (E-2) and the new value of each coefficient is given by:

g (u,v) = |ap (w,v) - 2° (H-4)

4) Scale down all background coefficients given by M(x, y) using the scaling value s (see H.3). Thus, if

|qb (u ,v} is a background coefficient given by M(x, y), then:

lap (e, v) = lan(a.) (H-5)

2S

Aftef these steps the quantized transform coefficients are entropy coded as usual.

H.2.

The

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

scaling value, s, may be chosen so that Equation (H-6) holds, where max(Mp) is the largest number’of magnitud

plangs, see Equation (E-1), for any background coefficient, gsc(x, y) in any code-block in the curtent component.

s> max(Mp) (

This|guarantees that the scaling value used will be sufficiently large to ensure all the(significant bits associated wit
ROIwill be in higher bit-planes than all the significant bits associated with the baekground.

H.3 Remarks on region of interest coding (informative)

The

ROI functionality described in H.2 depends only on the scaling value chosen on the encoder side and hence on

the amplitude of the coefficients on the decoder side. It is up to the‘¢ncoder to generate a mask that corresponds t
coefficients that need to be encoded with better quality to yield an ROI with better quality than the backgrd
Clauge H.3.1 describes how to generate the ROI mask for a particular region in the image. Clause H.3.2 describes h
genefate the mask in the case of multi-component images and H.3.3 describes how to generate the ROI mask for di

regi

gns. Clause H.3.4 describes a possible way to deal.with the increase of coefficient bit depth. Clause H.3.5 desd

how the ROI mask can be extended so as to not correspond exactly to a region in the image domain and how the Maj
method may be used to encode the ROI and the background with different quality.

H.3

N | Region of interest mask generation.(informative)

To afhieve an ROI with better quality than-the rest of the image while maintaining a fair amount of compression
need|to be saved by sending less infermation for the background. To do this an ROI mask is calculated. The mas}
bit-plane indicating a set of quanfized transform coefficients whose coding is sufficient in order for the receiv
recomstruct the desired region with/better quality than the background (up to lossless).

To illustrate the concept offROT mask generation, let us restrict ourselves to a single ROI and a single image compo

and

The
step

identify the samplesthat belong to the ROI in the image domain by a binary mask, M(x, y), where:

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

mask.is a map of the ROI in the wavelet domain so that it has a non-zero value inside the ROI and 0 outside. In

J) WTTte e scaling Vatte 3 1nto e codesueanm using ne Srrgn parameler ol the RUIN Marker SCEIneCy.

E bit-

[H-6)

h the

y on
b the
und.
w to
joint
ribes
shift

bits
is a
er to

hent,

H-7)

each
icate

the DL sub-band of the mask is then updated row by row and then column by column. The mask will then ind

which coetficients are needed at this step so that the inverse wavelet transformation will reproduce the coetticients 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.

H.3.

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

1.2 Region of interest mask generation using the 9-7 irreversible 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 s

pe what coefficients need to be in the mask, the inverse wavelet transformation is studied as in H.3.1.1. Figurg

H.2

shows this X(2n) and X(2n + 1) are even and odd indexed points respectively, related to the origin of the reference grid.

Low High

138

T.800(19)_FH.2

Figure H.2 — The inverse wavelet transformation with the 9-7 irreversible filter
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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. Thjs'is)however
easily solved by simply discarding the least significant bit-planes that exceed the limit due to the down-scaling opergtion.
The ¢ffect will be that the ROI will have better quality than the background, even though the entire bit stream is dec¢ded.
It mifght however create problems when the image is coded with ROIs in a lossless mode. Discarding least signiffcant
bit-planes for the background might result in the background not being coded losslessly and in the-worst case not being
recomstructed at all. This depends on the dynamic range available.

H.3.5  An example of the usage of the Maxshift method (informative)

The Maxshift method, as described above, allows the user/application to specify multiple’regions of arbitrary shape, which
will be assigned higher priority compared to the rest of the image. The method does ot require encoding or decodifg of
the ROI shape.

The Maxshift method allows the implementers of an encoder to exploit aditmber of functionalities that are support¢d by
a corppliant decoder. For example, it is possible to use the Maxshift method to encode an image with different quality for
the HOI and the background. The image is quantized so that the ROL'gets the desired quality (lossy or lossless) and|then
the Maxshift method is applied. If the image is encoded progressively by layer, not all of the layers of the wafvelet
coefficients belonging to the background need be encoded. This €érresponds to using different quantization steps fdr the
ROI jand the background.

If th¢ ROI is to be encoded losslessly, the most optimal.set of wavelet coefficients giving a lossless result for the RDI is
descfibed by the mask generated using the algorithms described in H.3.1 However, the Maxshift method supports the use
of arfy mask since the decoder does not need to gerferate the mask. Thus, it is possible for the encoder to include an gntire
sub-band, e.g., the low-low sub-band, in the ROT'mask and thus send a low-resolution version of the background pt an
early| stage of the progressive transmissionsThis is done by scaling all the quantized transform coefficients of the gntire
sub-band. In other words, the user can decide in which sub-band he will start coding ROI and thus, it is not necessdry 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.
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annex defines an optional file format that applications may choose to use to wrap JPEG 2000 compressed-i}
While not all applications will use this format, many applications will find that this format meets-their n
ever, those applications that do implement this file format shall implement it as described in this entite annex.

anncx:

—  specifies a binary container for both image and metadata;

—  specifies a mechanism by which readers may recognize the existence.@f”intellectual property 1
information in the file;

—  specifies a mechanism by which metadata (including vendor-specific anformation) can be included in|
specified by this Recommendation | International Standard.

Introduction to the JP2 file format

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

cations require a similar set of information to be associated with the compressed image data, it is useful to defin
at of that set of data along with the definition of the compression technology and codestream syntax.

eptually, the JP2 file format encapsulates the JPEG2000 codestream along with other core pieces of inform
t that codestream. The building-block of the JP2-file format is called a box. All information contained within th
E encapsulated in boxes. This Recommendation®| International Standard defines several types of boxes; the defin
ch specific box type defines the kinds of.information that may be found within a box of that type. Some boxej
fined to contain other boxes.

File identification

iles can be identified using(seyeral mechanisms. When stored in traditional computer file systems, JP2 files sh
ven the file extension 'jpR" (readers should allow mixed case for the alphabetic characters). On Macintosl
ms, JP2 files should bé-given the type code 'jp2\040'".

File organization

D file represéntsa collection of boxes. Some of those boxes are independent, and some of those boxes contain
. The binary structure of a file is a contiguous sequence of boxes. The start of the first box shall be the first by
le, and.the last byte of the last box shall be the last byte of the file.

biflary structure of a box is defined in [.4.

—  specifies a mechanism to indicate image properties, such as the tonescale or golourspace of the imagg;

mage
beds.

E)

ights

files

a) in

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

e the

htion
e JP2
ition
will

ould
1 file

bther
ite of

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

boxe
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JP2 file

JPEG 2000 Signature box (L.5.1)
File Type box (1.5.2)

JP2 Header box (superbox) (1.5.3)
Image Header box (1.5.3.1)

Bits Per Component box (1.5.3.2)
Colour Specification box 0 (1.5.3.3)

e e e
T T T T T T T Tt
Cal (N £ L, 1. L1522
—Cotour— peetrhes Her-boxH—-I3=> |
e e e El
1 I
1 Palette box (1.5.3.4) |
|
| hl

i Channel Definition box (1.5.3.6)

______________________________________________________

IPRbox (L6) oo |
| e A
i XML boxes (1.7.1) |
! UUID boxes (1.7.2) i

UUID Info boxes (superbox) (17:3)
UUID List box (1.7:3%1)
Data Entry URE box (1.7.3.2)

______________________________________________________

T.800(19)_FI.1

Figure I.1 — Conceptual structure of a JP2 file

Figure 1.1 specifies ofily) the containment relationship between the boxes in the file. A particular order of those boxes in
the flle is not generally implied. However, the JPEG 2000 Signature box shall be the first box in a JP2 file, the File [Type
box phall immediately follow the JPEG 2000 Signature box and the JP2 Header box shall fall before the Contiguous
Codgstream box?

The file’shown in Figure 1.1 is a strict sequence of boxes. Other boxes may be found between the boxes defined i1 this
Recdmimendation | International Standard. However, all information contained within a JP2 file shall be in the box foImat;
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 PZ ﬁlU fUlllld.l. lJlUVi\.‘lUb d IICaIls 1o illdibaLU l.llU PICSCIICT Uf auAﬂialy L/hduut:lb \bubh asS Updbily}, o \.‘lCﬁllC LllC type
of thpse channels, and to specify the ordering and source of these channels (whether they are directly extracted.froth the
codeptream or generated by applying a palette to a codestream component). When a reader opens the JP2(file, if will
detefmine the ordering and type of each component. The application must then match the component definition] and
ordefing from the JP2 file with the component ordering as defined by the colourspace specification. Once thg file
components have been mapped to the colour channels, the decompressed image can be processed through any needed
colofirspace transformations.

In mpny applications, components other than the colour channels are required. For example; many images used on| web
pagep contain opacity information; the browser uses this information to blend the imagednto’the background. It is|thus
desirable to include both the colour and auxiliary channels within a single codestream.

Howapplications deal with opacity or other auxiliary channels is outside the scope ofthis Recommendation | Internatjonal
Stanglard.

1.2.5 Metadata

One [important aspect of the JP2 file format is the ability to add metadata to a JP2 file. Because all informatipn is
encapsulated in boxes, and all boxes have types, the format provides'a‘simple mechanism for a reader to extract relgvant
inforjmation, while ignoring any box that contains information that is'not understood by that particular reader. In this way,
new |boxes can be created, ecither through this or other.,Recommendations | International Standards or private
implgmentation. Also, any new box added to a JP2 file shall\not change the visual appearance of the image.

1.2.6] Conformance with the file format

All gqonforming files shall contain all boxes required by this Recommendation | International Standard, and those Hoxes
shall|be as defined in this Recommendation | Infernational Standard. Also, all conforming readers shall correctly intgrpret
all rpquired boxes defined in this Recommiendation | International Standard and thus shall correctly interprdt all
confprming files.

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

One pf the most important aspects of a file format is that it specifies the colourspace of the contained image data. In prder
to prpperly display or interpret the image data, it is essential that the colourspace of that image is properly characterized.
The JP2 file format provides 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 representing the
colowrspace’in which the image is encoded. This method handles the specification of SRGB, greyscale and sYCC impges.
Extensions to this method can be used to specify other colourspaces, including the definition of multi-component impges.

For example, the image file may indicate that a particular image is encoded in the SRGB colourspace. To properly interpret
and display the image, an application must natively understand the definition of the sSRGB colourspace. Because an
application must natively understand each specified colourspace, the complexity of this method is dependent on the exact
colourspaces specified. Also, the complexity of this mechanism is proportional to the number of colourspaces that are
specified and required for conformance. While this method provides a high level of interoperability for images encoded
using colourspaces for which correct interpretation is required for conformance, this method is very inflexible. This
Recommendation | International Standard defines a specific set of colourspaces for which interpretation is required for
conformance.

L.3.2 Restricted ICC profile method

An application may also specify the colourspace of an image using a restricted subset of ICC profiles. This method handles
the specification of the most commonly used RGB and greyscale class colourspaces through a low-complexity method.
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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 15076-1defines two classes of ICC profiles, Input and Display, with profile types that are simple to implement. They
are the Monochrome and Three-Component Matrix-Based Input Profiles and the Monochrome and Three-Component
Matrix-Based Display profiles. These profiles limit the transformation from the source colourspace to the PCSxvz to the
application of either a non-linearity curve in the case of the Monochrome Input and Display profiles or a non-linearity
curve and a 3 x 3 matrix in the case of the Three-Component Matrix-Based Input and Display Profiles. All applications,
including simple devices, are expected to be able to process the image through these transformations. All conforming
applications are required to correctly interpret the colourspace of any image that specifies the colourspace using this
restricted subset of possible ICC profile types. Although restricted, these ICC profiles are fully compliant ICC profiles
and fthe image can therefore be processed through any ICC compliant engine that supports profiles as defingd in
ISO [15076-1.

For the JP2 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
trangforms are stored in the file, and how to process an image using this transform without using an ICC cplour
manggement engine.

1.3.3 Using multiple methods

ArcHitecturally, the format allows for multiple methods to be embedded in a file and allows other standards to dgfine
addifional enumerated methods and to define extended methods. This provides readers-conforming to these extensipns a
choi¢e 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 Colourspace Specification box in the JP2Header box) shall be one of the methods
as ddfined and restricted in this Recommendation | International Standard. A‘conforming reader shall use that first mgthod
and ignore all other methods (in additional Colourspace Specification bexes) found in the file.

1.3.4 Palettized images

In addition to specifying the interpretation of the image in teri of colourspace, this Recommendation | Internatjonal
Standlard allows for the decoding of a single component whéte the value of that single component represents an index
into |a palette of colours. The input of a decompresséd sample to the palette converts the single value [to a
multjple-component tuple. The value of that tuple represents the colour of that sample; that tuple shall then be interpfeted
according to the other colour specification methods (Enumerated or Restricted ICC) as if that multiple-component sample
had been directly extracted from multiple components in the codestream.

L.3.5 Interactions with the decorrelating multiple component transform

The ppecification of colour within the §P2-file format is independent of the use of a multiple component transformftion
within the codestream (the CSsiz parameter of the SIZ marker segment as specified in A.5.1 and in Annex G).[ The
colowirspace transformations specitfied through the sequence of Colour Specification boxes shall be applied to the ifnage
samples after the reverse multiple component transformation has been applied to the decompressed samples. Whilg the
application of these decorr€lating component transformations is separate, the application of an encoder-based 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 ip the
box.[The usage describes the logical location and frequency of this box in the file. The length describes which parameters
detetimin€ the length of the box.

o-dese ons-are—fo od-bya-figure-that shows-the-orderandrelationship-of the-parametersin-the-box—Eiaure 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

S N

. 5 . F 7 GO GN 1 HU JQ HM—I JM 1
Variable size parameter Run of M sets of parameters
T.800(19)_FI.2

Figure 1.2 — Example of the box description figures
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The Fgure is followed by a list that describes the meaning of each parameter in the box. If parameters are repéateq

h and nature of the run of parameters is defined. As an example, in Figure 1.2, parameters C, D, E and K are 8-
t and variable length respectively. The notation G° and GN"! implies that there are N different parametérs, G'
The group of parameters H’ and HM!, and J° and JM-! specify that the box will contain H?, followied by 1%, foll
Uand J', continuing to HM! and JM-! (M instances of each parameter in total). Also, the field E is optional and
e found in this box.

the list is a table that either describes the allowed parameter values or provides referencés to other tables that des
values.

dition, in a figure describing the contents of a superbox, an ellipsis (...) will be-used to indicate that the conter
le between two boxes are not specifically defined. Any box (or sequence of‘bexes), unless otherwise specifig
efinition of that box, may be found in place of the ellipsis.

xample, the superbox shown in Figure 1.3 must contain an AA box afida BB box, and the BB box must folloy

“AA| S| BB

T.800(15)_FI1.3

Figure 1.3 — Example of the superbox description figures

Box definition

ically, each object in the file isvenicapsulated within a binary structure called a box. That binary structure
pure [.4:
(=]
] E
LBox TBox XLBox o
_____________________ T TB_OB(15)7F\.4

Figure 1.4 — Organization of a box

EBox: Box length. This field specifies the length of the box, stored as a 4-byte big-endian unsigned inf
This value includes all of the fields of the box, including the length and type. If the value of this

, the
16-,
in a
wed
may

cribe

i1ts of
d by

the

ox. However, there may be other boxes found between boxes AA @nd BB. Dealing with unknown boxes is discyssed
in L.§.

is as

eger.
field

is 1, then the XL.Box field shall exist and the value of that field shall be the actual length of the

box.

144

If the value of this field is 0, then the length of the box was not known when the LBox field was
written. In this case, this box contains all bytes up to the end of the file. If a box of length 0 is contained
within another box (its superbox), then the length of that superbox shall also be 0. This means that

this box is the last box in the file. The values 2-7 are reserved for ITU-T | ISO use.
TBox: Box type. This field specifies the type of information found in the DBox field. The value of this

field

is encoded as a 4-byte big-endian unsigned integer. However, boxes are generally referred to by an
ISO/IEC 646 character string translation of the integer value. For all box types defined within this
Recommendation | International Standard, box types will be indicated as both character string
(normative) and as 4-byte hexadecimal integers (informative). Also, a space character is shown in the
character string translation of the box type as "\040". All values of TBox not defined within this

Recommendation | International Standard are reserved for ITU-T | ISO use.
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XLBox: Box extended length. This field specifies the actual length of the box if the value of the LBox field is

DBox:

1. This field is stored as an 8-byte big-endian unsigned integer. The value includes all of the fields of
the box, including the LBox, TBox and XLBox fields.

Box contents. This field contains the actual information contained within this box. The format of the
box contents depends on the box type and will be defined individually for each type.

Table 1.1 — Binary structure of a box

Field name Size (bits) Value
0,1, or
LBox 32 O 4 (132 1)
TBox 32 Variable
64 16 to (264 1); if LBox = 1
XLBox 0 Not applicable; if LBox # 1
DBox Variable Variable

For gxample, consider the illustration in Figure 1.5 of a sequence of boxes, including one box that contains other bokes:

Bok 0

Box 1 Box 4

Box 2 Box 3

LBox,

\_,/'

7

LBox, LBox, LBox,

T.800(19)_FL5

LBox,

Figure 1.5 — Illustration of box lengths

As shown in Figure 1.5, the length of each box inchides any boxes contained within that box. For example, the length of

Box

1 includes the length of Boxes 2 and 3, in addition to the LBox and TBox fields for Box 1 itself. In this case,

f the

type jof Box 1 was not understood by a reader, it would not recognize the existence of Boxes 2 and 3 because they would

be ¢

mpletely skipped by jumping the length'of Box 1 from the beginning of Box 1.

Tablp 1.2 lists all boxes defined by this\Recommendation | International Standard. Indentation within the table indifates

the hfierarchical containment strueture of the boxes within a JP2 file.

Table 1.2 — Defined boxes

Box name Type Superbox Required? Comments
. 'iP\040\040' . This box uniquely identifies the file as
JPEG 2000 Signafiire box (0x6A50 2020) No Required | o part of the JPEG 2000 family of files.
This box specifies file type, version and
fiyp' compatibility information, including
Fild Type box (0x6674 7970) No Required i]eemfy'l[ng 1fth‘1s file isa conforpmmg JP -P2
v vrirituvainr ovivada U)’ a \uUlllUllllllls
reader.
tip2h' . This box contains a spries of boxes that
JP2 Header box (0x6A70 3268) Yes Required %(fgtam header-type information about the
hdr This box specifies aspects of the reference
Image Header box (0x6968 6472) No Required gpd geometry, number of components and
bit depth.
bce This box specifies the bit depth of the
Bits Per Component box p No Optional components in the file in cases where the bit
(0x6270 6363) onpe
epth is not constant across all components.
. . 'colr’ . This box specifies the colourspace of the
Colour Specification box (0x636F 6C72) No Required image.
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Table 1.2 — Defined boxes

Box name Type Superbox Required? Comments
melr! This box specifies the palette which maps a
Palette box © 7023 6C72) No Optional single component in index space to a
X multiple-component image.
Component Mapping ‘cmap' No Optional This box specifies the mapping between a
box (0x636D 6170) palette and codestream components.
This box specifies the type and ordering of
o 'cdef' . the components within the codestream, as
Channel Definition box (0x6364 6566) No Optional well as those created by the application of a
palette.
Resolution box (0x ;386\2‘;% 20) Yes Optional This box contains the grid resolution.
Capture Resolution 'resc’ No Optional This box specifies the grid résolution at
box (0x7265 7363) P which the image was capturéd.
Default Displa 'resd’ . This box specifies thé\default grid resolytion
pray No Optional
Resolution box (0x7265 7364) P at which the imageshould be displayed.
Corftiguous Codestream box (0x6 lig%)%z 63) No Required g;llzggzxczmams the codestream as defined
jp2i' . This box gontains intellectual property
Intellectual Property box (0x6A70 3269) No Optional information about the image.
eml\040' This\box provides a tool by which vendgrs
XML box (0x786D 6C20) No Optional can add XML formatted information to
JP2 file.
e This box provides a tool by which vend¢rs
UUID box (0x7 5u7u 51%9 64) No Optional can add additional information to a file
without risking conflict with other vend¢rs.
UUID Info box (0x7 5'1(1519nféE 66) Yes Optional 2:; Efgvli)(ig\;lcdczsss tt(()) (a)lld](ji}i]tiv(;/rl:;(l:h a ventlor
x information associated with a UUID.
UUID List box (Ox75'2138t"7374) NG Optional This box specifies a list of UUIDs.
URL box (0x 7115%\;)2% 20 No Optional This box specifies a URL.
L5 Defined boxes
The following boxes shall properly beinterpreted by all conforming readers. Each of these boxes conforms to the starjdard
box structure as defined in [.4. The following clauses define the value of the DBox field from Table 1.1 (the contents of
the box). It is assumed that the"L.Box, TBox and XLBox fields exist for each box in the file as defined in .4.
L5.1 JPEG 2000 Signature box
The JPEG 2000 Signature box identifies that the format of this file was defined by the JPEG 2000 Recommendafion |

Inter]
rest
JPE

The

hational Standard, as well as providing a small amount of information which can help determine the validity g
f the file.T'ie JPEG 2000 Signature box shall be the first box in the file, and all files shall contain one and only
y 2000.Sighature box.

ype,of the JPEG 2000 Signature box shall be 'jP\040\040' (0x6A50 2020). The length of this box shall be 12 4

f the
one

ytes.

The

obtente—of thic bayx chall bo tho A4 buto oharantar cteing ' (CD
COHteRtS—O+—tH5—B0Xx—5Shdrr—be—ti —Byte—eHaract SHHY o

LE

Ox87=<LE= (030D0A870A)Fo

file

verification purposes, this box can be considered a fixed-length 12-byte string which shall have the value:
0x0000 000C 6A50 2020 ODOA 870A.

The combination of the particular type and contents for this box enable an application to detect a common set of file
transmission errors. The CR-LF sequence in the contents catches bad file transfers that alter newline sequences. The final
linefeed checks for the inverse of the CR-LF translation problem. The third character of the box contents has its high-bit
set to catch bad file transfers that clear bit 7.

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:

| | | |

| | I N- |
BR MinV | ! o A |
| |

T.800(19)_F1.6

Figure 1.6 — Organization of the contents of a File Type box

1.5.3

BR:

MinV:

CLk:

Brand. This field specifies the Recommendation | International Standard which completely(deffines

this file. This field is specified by a four-byte string of ISO/IEC 646 characters. The value of this
is defined in Table 1.3:

Table 1.3 — Legal Brand values

Value Meaning

'jp2\040' Rec. ITU-T T.800 | ISO/IEC 15444-1, Annex I
(This Recommendation | International Standard)

other values Reserved for other ITU-T | ISO uses

field

In addition, the Brand field shall be considered functionally équivalent to a major version numbpr. A

major version change (if there ever is one), representing an ineompatible change in the JP2 file fo
shall define a different value for the Brand field.

fmat,

If the value of the Brand field is not 'jp2\040', then a value of 'jp2\040' in the Compatibility list

indicates that a JP2 reader can interpret the file in the manner intended by the creator of the file

Minor version. This parameter defines the minor version number of this JP2 specification for which
the file complies. The parameter is defined'as a 4-byte big-endian unsigned integer. The value of this
field shall be zero. However, readers shall continue to parse and interpret this file even if the valpe of

this field is not zero.

Compatibility list. This field, specifies a code representing this Recommendation | Internat
Standard, another standard,.or a“profile of another standard, to which the file conforms. This fig

onal
1d is

encoded as a four-byte strig/of ISO/IEC 646 characters. A file that conforms to this Recommendption
| International Standard shall have at least one CL' field in the File Type box, and shall contaip the
value 'jp2\040' in one of the CL' fields in the File Type box, and all conforming readers shall properly

interpret all filesWith jp2\040' in one of the CL! fields

If one of the CL' fields contains the value "J2P0" then the first codestream contained within this JP2 file is

restrictedras,described for Profile-0 from Table A.45.

If one of the CL! fields contains the value "J2P1" then the first codestream contained within this JP2 file is

Othér'values of the Compatibility list field are reserved for ITU-T | ISO use.
The number of CL! fields is determined by the length of this box.

restricted as described for Profile-1 from Table A.45.

Table 1.4 — Format of the contents of the File Type box

Field name Size (bits) Value
BR 32 0to(23%1)
MinV 32 0
CLi 32 0to(2°>-1)

JP2 Header box (superbox)

The JP2 Header box contains generic information about the file, such as the number of components, colourspace and grid
resolution. This box is a superbox. Within a JP2 file, there shall be one and only one JP2 Header box. The JP2 Header
box may be located anywhere within the file after the File Type box but before the Contiguous Codestream box. It also
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must be at the same level as the JPEG 2000 Signature and File Type boxes (it shall not be inside any other superbox
within the file).

The type of the JP2 Header box shall be 'jp2h' (0x6A70 3268).

This box contains several boxes. Other boxes may be defined in other standards and may be ignored by conforming
readers. Those boxes contained within the JP2 Header box that are defined within this Recommendation | International
Standard are as in Figure 1.7:

ihdr cee bpcc cee CO]I‘G CC’]I'n ! “ee pclr cee cmap cee cdef cee res

T.800(19)_FI.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,.bit depth and
the number of components. This box shall be the first box in the JP2 Header box.
bpec:  Bits Per Component box. This box specifies the bit depth of each component in the codestream [after
decompression. Its structure is specified in 1.5.3.2. This box may be found anyswhere in the JP2 Hgader
box provided that it comes after the Image Header box.
colri: Colour Specification boxes. These boxes specify the colourspace of the 'decompressed image. Their
structures are specified in 1.5.3.3. There shall be at least one Colour, Spécification box within th¢ JP2
Header box. The use of multiple Colour Specification boxes provides the ability for a decoder fo be
given multiple optimization or compatibility options for colour processing. These boxes may be fpund
anywhere in the JP2 Header box provided that they come(after the Image Header box. All Cplour
Specification boxes shall be contiguous within the JP2 Header box.
pelr: Palette box. This box defines the palette to be us€d to create multiple components from a sfngle
component. Its structure is specified in 1.5.3.4. This box may be found anywhere in the JP2 H¢ader
box provided that it comes after the Image Header box.
cmap: Component Mapping box. This box defines’ how image channels are identified from the 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 that itcomes after the Image Header box.
cdef: Channel Definition box. This box defines the channels in the image. Its structure is specified in 1.§.3.6.
This box may be found anywheérein the JP2 Header box provided that it comes after the Image H¢ader
box.
res: Resolution box. This box specifies the capture and default display grid resolutions of the imagg. Its
structure is specified in 1.5.3.7. This box may be found anywhere in the JP2 Header box provided that
it comes after the\lmage Header box.
I.5.3{1 Image Header box
This|box contains fixed length generic information about the image, such as the image size and number of comporents.
The tontents of the JP2 Header box shall start with an Image Header box. Instances of this box in other places in the file
shall|be ignored. Thelength of the Image Header box shall be 22 bytes, including the box length and type fields. Much
of thg information.within the Image Header box is redundant with information stored in the codestream itself.
All referencesito/'the codestream” in the descriptions of fields in this Image Header box apply to the codestream fpund
in the first Gontiguous Codestream box in the file. Files that contain contradictory information between the Image Hgader
box andthe first codestream are not conforming files. However, readers may choose to attempt to read these files by yising
the vialues 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 |
HEIGHT WIDTH NC | 2|02 | =
s} o=
T.800(19)_FIL.8
Figure 1.8 — Organization of the contents of an Image Header box
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HEIGHT:  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.

WIDTH: Image area width. The value of this parameter indicates the width of the image area. This field

is-stored-as-a-4-byte big-endianunsigned-intege alueof thisfield shall be Xsiz — X(siz,
where Xsiz and XOsiz are the values of the respective fields in the SIZ marker in the codéstijeam.
See Figure B.1 for an illustration of the image area. However, reference grid points“ar¢ 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.

ored d-bvte bio-endian unsianed-intea he > of th dsh be

The WIDTH is not always the same as the default image width. Seé-1'5.3.1.1 for fornjulae
specifying the default image dimensions when no other rendering information is present{ The
WIDTH value will always be an upper bound on the default image'width.

NC: Number of components. This parameter specifies the number-Qf components in the codestfeam
and is stored as a 2-byte big-endian unsigned integer. The yalue of this field shall be equal tp the
value of the Csiz field in the SIZ marker in the codestrean

BPC: Bits per component. This parameter specifies the bit depth of the components in the codestijeam,
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 specifieq that
bit depth and shall be equivalent to the. valies of the Ssiz' fields in the SIZ marker ifi the
codestream (which shall all be equal). If the components vary in bit depth and/or sign, theh the
value of this field shall be 255 and thé€ JP2 Header box shall also contain a Bits Per Companent
box defining the bit depth of each ¢omponent (as defined in 1.5.3.2).

The low 7-bits of the value indicate the bit depth of the components. The high-bit indigates
whether the components arg-signed or unsigned. If the high-bit is 1, then the components coptain
signed values. If the high-bit is 0, then the components contain unsigned values.

C: Compression type. Fhi§ parameter specifies the compression algorithm used to compresp the
image data. The valie of this field shall be 7. It is encoded as a 1-byte unsigned integer. Qther
values are reserved for ITU-T | ISO use.

UnkC: Colourspaceyunknown. This field specifies if the actual colourspace of the image data ip the
codestréam 1s known. This field is encoded as a 1-byte unsigned integer. Legal values fof this
field‘ane’ 0, if the colourspace of the image is known and correctly specified in the Colourgpace
Specification boxes within the file, or 1 if the colourspace of the image is not known. A valpe of
Iwill be used in cases such as the transcoding of legacy images where the actual colourspage of
the image data is not known. In these cases, while the colourspace interpretation 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 ( and
1 are reserved for ITU-T | ISO use.

IPR: Intellectual property. This parameter indicates whether this JP2 file contains intellectual property
rights information. If the value of this field is 0, this file does not contain rights information|, and
thus the file does not contain an IPR box. If the value is 1, then the file does contain rights
information and thus does contain an IPR box as defined in 1.6. Other values are reserved for
ITU-T | ISO use.
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Table 1.5 — Format of the contents of the Image Header box

Field name Size (bits) Value
HEIGHT 32 1to (2% 1)
WIDTH 32 1to (2% 1)

NC 16 1to 16 384

BPC 8 See Table 1.6
C 8 7

Unk 8 Otol

IPR 8 Oto1l

Table 1.6 — BPC values

Values (bits) Component sample precision
MSB | LSB P piep
x000 0000 Component bit depth = value + 1. From 1 bit deep to 38 bits deep.
to respectively (counting the sign bit, if appropriate)
x010 0101
0XXX XXXX Components are unsigned values
1XXX XXXX Components are signed values
1111 1111 Components vary in bit depth
All other values reserved for ITU-T | ISO use

esolution 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 square.

1.1 Default image dimensions

stances where only image samples for individual components ‘are needed, refer directly to the component sa
nsion equation B-2.

ever, when some rendering is required, lacking others#endering or expansion directives, the default image dimen
0 maintain the image area aspect ratio and are computed from the codestream SIZ marker as a function of M

ifically:
M = ged{XRsiz’, YRsiz® | for all ¢, 0 < ¢ < Csiz}

the default image dimensions arg:

: . G Xviz—‘ IVXOsiz—l [Ysiz—l [YOSiZ —D
(width, height) = - " -
M M M M

is equal to on€)-then the reference grid image area dimensions shown in WIDTH and HEIGHT are equal t
i1t image width"and height. Otherwise, when M > 1, the default image has dimensions smaller than WIDTH
GHT.

OTE £ For example, suppose there is a codestream with Xsiz = Ysiz = 1024 and XOsiz = 3 and YOsiz = 2. This codestrear
P2 _file, would have an Image Header box with WIDTH = 1021 and HEIGHT = 1022. The default image dimensions, how
ill"depend upon the values of XRsiz and YRsiz. A couple of examples are given:

OTE — While 1.5.3.1.1 defines the default image dimensions in pixels, the relation to physical dimensions is given by the Cgpture

mple

kions
, the

est common divisor (gcd) of all the subsanipling factors (XRsiz®, YRsiz®) for all components of the image.

I-1)

1-2)

b the
and

hina
ever,

150

a) Ifany of the subsampling factors XRsiz® or YRsiz® is one, then M = 1, and the default image dimensions will
WIDTH and HEIGHT.

b) If XRsiz=2 and YRsiz =4, then M =2 and the default dimensions are image width =512 — 2 =510 and i
height =512 -1 =511.

equal

mage

c) If there are 3 components all with XRsiz® = YRsiz® =4, then M =4 and the default image width and height are

both 256 — 1 =255.

d) If there are 3 components with XRsiz® = YRsiz? = 2, XRsiz! = YRsiz! = 3, XRsiz? = YRsiz? = 2, then 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:

N
= >
~
ERE
m
T.800(15)_FI1.9

Figure 1.9 — Organization of the contents of a Bits Per Component box

BPCi:  Bits per component. This parameter specifies the bit depth of component i, mintis 1, encoded as a
1-byte value. The ordering of the components within the Bits Per Component box shall be the fame
as the ordering of the components within the codestream. The number of BPC' fields shall be the pame
as the value of the NC field from the Image Header box. The value ofithis-field shall be equivalgnt 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 componenf.~Fhe high-bit indicates whethdr the
component is signed or unsigned. If the high-bit is 1, then the component contains signed valups. If
the high-bit is 0, then the component contains unsigned yalties.

Table 1.7 — Format of the contents of the BitS Per Component box

Field name Size (bits) Value
BPC! 8 See Table 1.8

Table- 1.8 — BPC! values

Values (bits) Component sample precision
MSB LSB P ple P
x000 0000 €omponent 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 | [SO use

1.5.313  Colour Specification box

Eachl Colour Spectification box defines one method by which an application can interpret the colourspace of the
decompressed-image data. This colour specification is to be applied to the channel, representing signed or unsigned
integers, and associated with colours according to the Channel Definition box (see 1.5.3.6). The reconstructed numgdrical
valugscof cthannel number i are to be interpreted using the value BPC' in combination with the relevant colourgpace
defirtton-

The symbol BPC! is defined here as follows: It shall be identical to the value of the Bi field of the Palette box (see 1.5.3.4)
if channel i is the output of palette column j, or to the value of the Bits Per Component box BPC/ if channel i is the direct
output of component j, or to the value of the BPC field of the Image Header box if no Bits Per Component box is present.
BPC' identifies the number of bits (bit precision) of the numerical values carried by channel i, including the sign bit if
present, minus one.

If the colourspace is defined by an ICC profile, the input channels should carry unsigned values; usage of signed samples
is discouraged and currently not defined by the ICC. The values x' of channel i shall be mapped to device colour values
di, as follows:

di — Lmaxi *® Xi / (2BPCi+1 _ 1)
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Here, Lmax! is the maximum input value associated with the relevant ICC tone reproduction curve.

If the colourspace is an enumerated colourspace and the values x' for channel i are unsigned quantities, they shall be
mapped to colour values d according to

d' = Lmin' + (Lmax' — Lmin’) * x' / (2BPC¢I*1 1)

for the purpose of establishing a correct interpretation with respect to the colourspace. Here, Lmin' and Lmax' are the
minimum and maximum allowed values for the relevant colour channel, in the numerical framework used to define the
colourspace.

If, however, the values x' for channel i, are signed quantities, they shall be mapped to colour values d according to

d' = Lzero' + (Lmax' — Lzero') * x' / (2(BPCI AND 0x7f) _ 1)

for the purpose of establishing a correct interpretation with respect to the colourspace. Here Lmax' is again the maximum
allowyed value for the relevant colour, in the numerical framework used to define the colourspace, while Lzero' is'the yalue
of channel i in the representation of the colour that corresponds to the absence of any scene radiance, the-complete
absofption of visible light or the achromatic level, if this interpretation is applicable and all channel values are uniquely
defirfed in this case.

Tablk 1.10 defines both the enumerated colourspaces and the corresponding values of Lzero!, Lmin and Lmax' fof this
Recqgmmendation | International Standard.

A JPR file may contain multiple Colour Specification boxes, but must contain at least on€,/specifying different methods
for achieving "equivalent" results. A conforming JP2 reader shall ignore all Colour Speeification boxes after the [first.
Howgver, readers conforming to other standards may use those boxes as defined inithese other standards.

The type of a Colour Specification box shall be 'colr' (0x636F 6C72). The contents of a Colour Specification box isfas in

Figure 1.10:

____________ YV 77
N
T | O t :
5|2 EnumCS | PROFILE |
= o, [ |
|
_____________ LLLLLzz
T.800(19)_FIL.10

APPROX

Figure 1.10 — Organization of the contents of a Colour Specification box

METH: Specification method. Fhis-field specifies the method used by this Colour Specification box to dgfine
the colourspace of the deécompressed image. This field is encoded as a 1-byte unsigned integer| The
value of this field shall be 1 or 2, as defined in Table 1.9.

Table 1.9 — Legal METH values

Value Meaning

1 Enumerated Colourspace. This colourspace specification box contains the enumerated value of the colourspace of this image. Thq
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 in this[box
immediately~following the APPROX field, and the EnumCS field shall be the last field in this box.

2 Restricted ICC profile. This Colour Specification box contains an ICC profile in the PROFILE field. This profile shall specify the
transformation needed to convert the decompressed image data into the PCSxyz, and shall conform to either the Monochrome Input| the
Three-Component Matrix-Based Input profile class, the Monochrome Display or the Three-Component Matrix-Based Display class and
contain all the required tags specified therein, as defined in ISO 15076-1. As such, the value of the Profile Connection Space field if the
s o o 3 - ) ATSRIO ya AT T T . e ST he

PIOLIC NICAAC 0Cadca pro C d D 040 U 8] 20 diCd % d c outpu 010U PdCC O pPIro

XYZ colourspace.

Any private tags in the ICC profile shall not change the visual appearance of an image processed using this ICC profile.

The components from the codestream may have a range greater than the input range of the tone reproduction curve (TRC) of the ICC
profile. Any decoded values should be clipped to the limits of the TRC before processing the image through the ICC profile. For
example, negative sample values of signed components may be clipped to zero before processing the image data through the profile.
See J.8 for a more detailed description of the legal colourspace transforms, for how these transforms are stored in the file, and how to
process an image using that transform without using an ICC colour management engine.

If the value of METH is 2, then the PROFILE field shall immediately follow the APPROX field and the PROFILE field shall be the last
field in the box.

other | Reserved for other ITU-T | ISO uses. If the value of METH is not 1 or 2, there may be fields in this box following the APPROX field,
values | and a conforming JP2 reader shall ignore the entire Colour Specification box.
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Precedence. This field is reserved for ITU-T | ISO use and the value shall be set to zero; however,
conforming readers shall ignore the value of this field. This field is specified as a signed 1-byte
integer.

APPROX: 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.

EnumCS: 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 1nd1cat1ng the colourspace of the image. If the value of the METH field
1S '7 fh 0 h 0

spe01ﬁcat1on box in conformmg ﬁles are 11m1ted to 16 17 and 18 as deﬁned in Table L 10

Table 1.10 — Legal EnumCS values

Yalue Meaning
16 sRGB as defined by IEC 61966-2-1with Lmini=0 and Lmax;=255. This colourspace shall belused with channelp
carrying unsigned values only.
17 greyscale: A greyscale space where image luminance is related to code values usidg the sSRGB non-linearity giyen

in Equations (2) to (4) of IEC 61966-2-1 (sRGB) specification:

where Y is the linear image luminance valugsin‘the range 0.0 to 1.0 and d'is the channel input value scaled
according to 1.5.3.3 with Lmin'=0 and Lmax'=T1.0. The image luminance values should be interpreted relative t
the reference conditions in Section 2 of HEC 61966-2-1.

This colourspace shall be used with _channels carrying unsigned values only.

Y =d! (I-1)
for (Y7<0.04045), Y, =Y /12.92 (1-2)
, 2.4
Y +0:055
for (Y'>0.04045),Y;, =| ————
or (V"> Fiin ( 1055 j

18 sYCC as defined by IEC 61966-2<1.Amd. 1with Lmini=0 and Lmaxi=255. This colourspace shall be used with
channels carrying unsigned values only.

NOTE - It is not recommended to use the ICT or RCT specified in Annex G with sYCC image data. See J.14 fpr
guidelines on handling ¥CE€ codestreams.

oth

br values | Reserved for other JTU-T | ISO uses

PROFILE: ICClprofile. This field contains a valid ICC profile, as specified by the ICC Profile Fqrmat

Specification, which specifies the transformation of the decompressed image data into 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-Comp¢nent
Matrix-Based Input Profile class, the Monochrome Display profile type or the Three-Compgnent
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 32if METH =1 0to (23%-1)
0if METH =2 no value
PROFILE Variable Variable; see the ICC Profile Format Specification,
version ICC.1:1998-09.
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1.5.3.4 Palette box

This box specifies a palette that can be used to create channels from components. However, the Palette box does not
specify the creation of any particular channel; the creation of channels based on the application of the palette to a
component is specified by the Component Mapping box. The colourspace or meaning of the generated channel is specified
by the Channel Definition box (or specified through the defaults defined in the specification of the Channel Definition
box if the Channel Definition box does not exist). If the JP2 Header box contains a Palette box, then it shall also contain
a Component Mapping box. If the JP2 Header box does not contain a Palette box, then it shall not contain a Component

Mapping box.

There shall be at most one Palette box inside a JP2 Header box.

The type of the Palette box shall be 'pelr’ (0x7063 6C72). The contents of this box shall be as in Figure I.11:

NE:

B':
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Figure 1.11 — Organization of the contents of the Palette box

Number of entries in the table. This yalue shall be in the range 1 to 1024 and is encoded as a 2
big-endian unsigned integer.

Number of palette columns spetified in the Palette box. For example, if the palette is to be us
map a single index component into a three-component RGB image, then the value of this field
be 3. This field is encodéd as a 1-byte unsigned integer.

This parameter specifies the bit depth of values created by palette column i, encoded as a 1-bytg

tbyte

bd to
shall

big-

endian integer. The\low 7-bits of the value indicate the bit depth of this palette column. The high-bit

indicates whetherjthe palette column is signed or unsigned. If the high-bit is 1, then the palette co
contains signed values. If the high-bit is 0, then the palette column contains unsigned values
number of Bi'values shall be the same as the value of the NPC field.

Thevalié for entry j for palette column i. C' values are organized in component major order;

the yalues for entry j are grouped together, followed by all of the values for entry j + 1. In the exa
givén above, this table would therefore read Ry, Gi1, Bi, R, G2, Ba, etc. The size of Cll is the
specified by field B'. The number of palette columns shall be the same as the NPC field. The nu
of CJ! values shall be the number of palette columns (the NPC field) times the number of entri
the palette (NE). If the value of B! is not a multiple of 8, then each C'' value is padded with zero

umn
The

11l of
mple
alue
mber
es in
bto a

multiple of 8 bits and the actual value shall be stored in the low-order bits of the padded value
. - . A i .

of a 16-bit field.

Table 1.12 — Format of the contents of the Palette box

Field name Size (bits) Value
NE 16 1 to 1024
NPC 8 1 to 255
Bi 8 See Table 1.13
il Variable Variable

For
bits
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Table 1.13 — B! values

MS;alues (bitsI)JSB 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 use.

.5 Component Mapping box

The
code]

paleftized images and non-palettized images. This box contains an array of CMP!, MTYP' and PCOL' fie]ds. \Each g

of th|
Zero

Ther

If th{
the J
such

The
Figu

Component Mapping box defines how image channels are identified from the actual components decoded frmL the

stream. This abstraction allows a single structure (the Channel Definition box) to specify the colour or type of

ese fields represents the definition of one channel in the image. The channels are numbered in qrder starting
and the number of channels specified in the Component Mapping box is determined by the length’ of the box.

e shall be at most one Component Mapping box inside a JP2 Header box.

b JP2 Header box contains a Palette box, then the JP2 Header box shall also contain a Component Mapping bq
P2 Header box does not contain a Component Mapping box, the components shallb@.mapped directly to chan

that component i is mapped to channel 7.
type of the Component Mapping box shall be ‘cmap’ (0x636D 6170). ThevContents of this box shall be
e .12:
:Q- Q._] :n_ .:-_’_]
0 ~| © S— | O
CMP CMP
5| £ 5| &
T.800(15)_Fl.12

Figure 1.12 — Organization of the contents of a Component Mapping box

CMP!: This field specifies the index of the'component from the codestream that is mapped to this chg
(either directly or through a palette). This field is encoded as a 2-byte big-endian unsigned integ

MTYP': This field specifies how this\ehannel is generated from the actual components in the file. This fi
encoded as a 1-byte unsighed integer. Legal values of the MTYP! field are as in Table 1.14:

Table 1.14 —- MTYP'! field values

both
roup
with

x. If
nels,

hs in

innel

eld is

Y alue Meaning

0 Direct use. This channel is created directly from an actual component in the codestream. The index of the
component mapped to this channel is specified in the CMP! field for this channel.

1 Palettémapping. This channel is created by applying the palette to an actual component in the codestream. The
indéx/of the component mapped into the palette is specified in the CMP' field for this channel. The column frog
the palette to use is specified in the PCOL' field for this channel.

to 255 Réserved for ITU-T | ISO use

PCOL!: This field specifies the index component from the palette that is used to map the actual compq

nent

from the codestream. This field is encoded as a 1-byte unsigned integer. If the value of the M

YP!

field for this channel 1s 0, then the value of this tfield 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
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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 anfl the

red, green and blue colours as channels 0, 1 and 2 in the codestream, respectively.

The type of the Channel Definition box shall be 'cdef' (0x6364 6566). The contents of this box shall be as in Figure [[.13:

Typ':

N Cn Typ Asoc Cn Typ Asoc

T.800(19)_F1.18

Figure 1.13 — Organization of the contents of a Channel Definition box

Number of channel descriptions. This field specifies the number.of channel descriptions in this|box.
This field is encoded as a 2-byte big-endian unsigned integer,

Channel index. This field specifies the index of the chant€l for this description. The value of this|field
represents the index of the channel as defined withinnthe Component Mapping box (or the aftual
component from the codestream if the file does not contain a Component Mapping box). This figld is
encoded as a 2-byte big-endian unsigned integer.

Channel type. This field specifies the type efthe channel for this description. The value of this|field
specifies the meaning of the decompressed-samples in this channel. This field is encoded as a 2}byte
big-endian unsigned integer. Legal values of this field are shown in Table 1.16:

TabléJ:16 — Typ' field values

Value

Meaning

0 This channel is the colour, image data for the associated colour.

1 Opacity. A sample valug'of 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 to this
channel) indicates a.100% opaque sample. All opacity channels shall be mapped from unsigned components.

2 Premultiplied-opacity. An opacity channel as specified above, except that the value of the opacity channel has
been multiplied into the colour channels for which this channel is associated. Premultiplication is defined as
follows:

where S is the original sample, S, is the pre multiplied sample (the sample stored in the image, a is the value of
opacity channel, and ounax is the maximum value of the opacity channel as defined by the bit depth of the opacify
channel.

P (I' -)

amax

he

—

3 td (219 2) | Reserved for ITU-T | ISO 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.
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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).

1to (2'-2) This channel is associated with a particular colour as indicated by this value. This value is used to
associate a particular channel with a particular aspect of the specification of the colourspace of this

the reader to associate that decoded channel with the Red input to an ICC profile contained within a
Colour Specification box. Colour indicators are specified in Table I.18.

image. For example, indicating that a channel is associated with the red channel of an RGB image allows

2161 This channel is not associated with any particular colour.

The
chan
Chay

In th
spec
shall
by th

For
of th
comj

Typ/

Table 1.18 — Colours indicated by the Asoc' field

Class of Colour indicated by the following value of the Asoc' field
colourspace
1 2 3 4
RGB R G B
Greyscale Y
YCoCr Y Cb Cr
The following colourspace classes are listed for future reference, as well as t0\d1d’ the
understanding of the use of the Asoc' field:
XYZ X Y
Lab L a
Luv L u %
YCoCr Y Cob Cr
Yxy Y X y
HSV H S A%
HLS H L S
CMYK C M Y K
CMY C M Y
Jab J a b
co?ofl(r)lgl;es ! 2 3 4

alues in Table 1.18 specify indices that have been assigned to represent specific "colours" and do not refer to spq
hels (or components within théteodestream or palette). Readers must use the information contained withit
inel Definition box to determinewhich channels contain which colours.

is box, channel indices ar¢ mapped from particular components within the codestream or palette. Colour in
fy how a particular chafinel shall be interpreted based on the specification of the colourspace of the image. T
be one channel definition in this box for every colour required by the colourspace specification of this file as sped
e Colourspace Specification box.

xample, the.gfeen colour in an RGB image is specified by a {Cn, Typ, Asoc} value of {i, 0, 2}, where i is the i
at channel\(either directly or as generated by applying the reverse multiple component transform to the aj
ponenfsrin the codestream). Applications that are only concerned with extracting the colour channels can treg
Asoc field pair as a four-byte value where the combined value maps directly to the colour indices (as the Typ

for a

cific
1 the

ices
here
ified

ndex
ctual
t the
field

colbur channel shall be ﬂ)

In another example, the codestream may contain a channel i that specifies opacity blending samples for the red and green
channels, and a channel j that specifies opacity blending samples for the blue channel. In that file, the following
{Cn, Typ, Asoc} tuples would be found in the Channel Definition box for the two opacity channels: {7, 1, 1}, {i, 1, 2}
and {j, 1, 3}.

There shall not be more than one channel in a JP2 file with a the same Typ' and Asoc! value pair, with the exception of
Typ' and Asoc' values of 216 1 (not specified). For example a JP2 file in an RGB colourspace shall only contain one green
channel, and a greyscale image shall contain only one grey channel. There shall be either exactly one opacity channel,
exactly one pre-multiplied opacity channel, or neither associated with a single colour channel in an image.
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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 (2'-1)
Cn 16 0to (2!~ 1)
Typ' 16 0to (2!~ 1)
Asoc! 16 0to (2'%-1)

1.5.317 Resolution box (superbox)

This|box specifies the capture and default display grid resolutions of this image. If this box exists, it shall contain dither
a Capture Resolution box, or a Default Display Resolution box, or both.

Therg shall be at most one Resolution box inside a JP2 Header box.

The type of a Resolution box shall be 'res\040' (0x7265 7320). The contents of the Resolutionbox are as in Figure I} 14:

T.800(15)_FI.14

Figure 1.14 — Organization of the contents‘f the Resolution box

resc: Capture Resolution box. This box specifies the gtid resolution at which this image was captured| 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 inage
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 th{s box exists, it shall specify the grid resolution of the source from which the image samples represented by the
codeptream were captured or created. The dimiensions of the reference grid are given by the contents of the Image H¢ader
box,|see 1.5.3.1.

The gontents of the Capture Resolutien\box shall be consistently adjusted between edits such that the resolution as given
by this box always reflects the physical separation between reference grid points on the image region encoddd or
reprgsented by the file.

If thg Codestream box doésynot represent a physical image, this box might not exist, or might represent a physical
dimdnsion intended by the)creator of the image.

OTE - For example,/this box could specify the resolution of the flatbed scanner that captured a page from a book. The cdpture
Fid resolution gould also specify the resolution of an aerial digital camera or satellite camera. It may also specify the resolutjon at
hich the imageiin the file was rendered from a vector original or from a raster original in a resampling operation. If a new JPEG
DOO file is-created by cropping from an original file, the contents of the Capture Resolution box will not change as the resolution
f the sample grid does not change, i.e., both the sample grid size and the size of the image described by it shrink by the[same
mounts If, however, an image is transcoded to a lower resolution, for example by dropping finer resolution levels|
agcompanying change in the dimensions of the image on the reference grid and associated changes in the Image Header bok 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.

® O Uy 7

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:

VRC=% «107FeE (1-4)
C.
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_ HRcN
HRcD

HRc

« 10/ReE (1-5)

The values VRc and HRc are always in reference grid points per metre. If an application requires the grid resolution in

another unit, then that application must apply the appropriate conversion.

The type of a Capture Resolution box shall be resc' (0x7265 7363). The contents of the Capture Resolution box are
Figure 1.15:

as in

Eag) e
VReN | VReD | HReN | HReD | & | &
- | =
Ie19,01 0 ko2 I o PO ko)
Figure 1.15 — Organization of the contents of the Capture Resolution box

VReN:  Vertical Capture grid resolution numerator. This parameter specifies the VRcN value in
Equation (I-4), which is used to calculate the vertical capture grid resolution. {THis paramefer is
encoded as a 2-byte big-endian unsigned integer.

VReD: Vertical Capture grid resolution denominator. This parameter specifiesthe VRcD valye in
Equation (I-4), which is used to calculate the vertical capture grid resolution. This paramefer is
encoded as a 2-byte big-endian unsigned integer.

HRcN: Horizontal Capture grid resolution numerator. This parameter)'specifies the HRcN valde in
Equation (I-5), which is used to calculate the horizontal captur€)grid resolution. This parameter is
encoded as a 2-byte big-endian unsigned integer.

HRcD: Horizontal Capture grid resolution denominator. This patameter specifies the HRcD value in Equption
(I-5), which is used to calculate the horizontal capture'grid resolution. This parameter is encoded as a
2-byte big-endian unsigned integer.

VRcE: Vertical Capture grid resolution exponent. Thi&parameter specifies the VRcE value in Equation (I-4),
which is used to calculate the vertical capture grid resolution. This parameter is encoded|as a
twos-complement 1-byte signed integer.

HRcE: Horizontal Capture grid resolution; exponent. This parameter specifies the HRcE valde in
Equation (I-5), which is used to caleulate the horizontal capture grid resolution. This parameter is
encoded as a twos-complement (3byte signed integer.

Table 1.20 — Format of the contents of the Capture Resolution box
Field name Size (bits) Value

VReN 16 1to (21— 1)

VRcD 16 1to (216- 1)

HRCN 16 1 to (216~ 1)

HRcD 16 1to (21— 1)

VRCcE 8 —128 to 127

HRCcE 8 —128to 127
1.5.317.2 , \Pefault 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 1s then obtained by dividing the dimensions of the pixel grid, as given by

the Image Header box (see 1.5.3.1) by the horizontal and vertical resolutions as given by this box.

This box represents a default or recommended value, and applications may determine appropriate sizes for image

reproduction by other means.

NOTE — This box may be used to determine the size of the image on a page when the image is placed in a page-layout program,
and page layout programs may adjust the contents of this box to reflect edits performed by its users: e.g., to resize an image on a
page as intended for printing or displaying on a monitor. In general, it is recommended that the pixel aspect ratio of the Capture
Resolution box and the Display Resolution box should be the same. The following example may clarify the semantics of the Default
Display Resolution box and the Capture Resolution box further: Consider an editing process that reduces the number of samples
of the original image to one fourth by dropping every other horizontal and vertical pixel. One method of implementing this process
would be to drop the highest resolution level and to double the horizontal and vertical subsampling factors in the CSIZ marker.
Under this transformation, the dimension of the image reference grid remains unchanged, though only one fourth of the image
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samples remains in the image. Thus, the Capture Resolution box will remain unchanged. If it is desired to reproduce the image in
half the size in each direction when displayed on a screen or printed, the Default Display Resolution box should however, be
adjusted by multiplying the number of reference grid points per metre by two. Another method to implement this reduction in
sample points might be to drop the finest resolution level and divide the dimensions of the reference grid, the canvas offsets, the
tile offsets and the tile dimensions by two. Under this transformation, the dimensions of the reference grid change, and the spacing
between two grid points is doubled. Thus, the number of grid points per metre in the Capture Resolution box would be divided by
two. If it is desirable to reproduce the image then in one fourth its original size, the Display Resolution box would not require any
change as the reference grid would contain only one fourth of the samples while the distance between each sample would remain
unchanged, thus reproducing the image on a smaller scale. Note further that applications that do not honour the Default Display
Resolution box would reproduce the image to one fourth of the number of image pixels of the original image for either editing
process by implementing the procedure of computing the number of image pixels from the number of reference grid points defined
in.5.3.1.1.

The vertical and horizontal display grid resolutions are calculated using the six parameters (Table 1.21) stored in this box

in the following two equations, respectively:

VRAN
VRd = —— x10"RIE 1-6)
HRAN
HRd = " x101RIE 1-7)
HRdD
The palues VRd and HRd are always in reference grid points per metre. If an application.réquires the grid resolutipn in
another unit, then that application must apply the appropriate conversion.

The
Reso

type of a Default Display Resolution box shall be 'resd' (0x7265 7364): The contents of the Default Di

play

lution box are as in Figure 1.16:
o | m
VRAN | VRAD | HRdN | HRdR | 2 | €
> |z
T.800(15)_FI.16

Figure 1.16 — Organization of the contents of the Default Display Resolution box

VRdAN: Vertical Display grid resolution) numerator. This parameter specifies the VRIN value in
Equation (I-6), which is used«fo calculate the vertical display grid resolution. This parameter is
encoded as a 2-byte big-endian unsigned integer.

VRdD: Vertical Display grid—resolution denominator. This parameter specifies the VRdD valye in
Equation (I-6), which is"used to calculate the vertical display grid resolution. This paramefer is
encoded as a 2-byte'big-endian unsigned integer.

HRdAN: Horizontal Display grid resolution numerator. This parameter specifies the HRAIN valde in
Equation (I-7);y which is used to calculate the horizontal display grid resolution. This parameter is
encoded as-a 2-byte big-endian unsigned integer.

HRdD: Horizontal Display grid resolution denominator. This parameter specifies the HRdD valye in
Equation (I-7), which is used to calculate the horizontal display grid resolution. This parameter is
éncoded as a 2-byte big-endian unsigned integer.

VRAE;  Vertical Display grid resolution exponent. This parameter specifies the VRdJE value in Equation (I-6),
which is used to calculate the vertical display grid resolution. This parameter is encoded as a ffwos-
complement 1-byte signed integer.

HRJE:  Horizontal niqplq‘ grir‘l resolution exponent This parameter cppniﬁpq the HRJE ~xalde in
Equation (I-7), which is used to calculate the horizontal display grid resolution. This parameter is
encoded as a twos-complement 1-byte signed integer.
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Table 1.21 — Format of the contents of the Default Display Resolution box

Field name Size (bits) Value
VRdAN 16 1 to (2!~ 1)
VRdD 16 1 to (2!~ 1)
HRdAN 16 1to (2'-1)
HRdD 16 1 to (2!~ 1)
VRdE 8 —128 to 127
HRAE 8 —128 to 127

Contiguous Codestream box

The Contiguous Codestream box contains a valid and complete JPEG 2000 codestream, as defined in Annex A~
displaying the image, a conforming reader shall ignore all codestreams after the first codestream found (n, the

Con

The

1.6

This
prop
The
defir]
IPR
Stan

In gg
othel
boxe

The

L.7

The
form

iguous Codestream boxes may be found anywhere in the file except before the JP2 Header box.

ype of a Contiguous Codestream box shall be 'jp2c' (0x6A70 3263). The contents of the box shall be,ds in Figure .

Code

T.800(15)_F1.17

Figure 1.17 — Organization of the contents of the Contiguous-Cedestream box

Code:  This field contains a valid and complete JPEG 2000 codestréam as specified by Annex A.

Table 1.22 — Format of the contents of the Contiguous Codestream box

Field name Size (bits) Value
Code Variable Variable

Adding intellectual property rights infofmation in JP2

Recommendation | International Standard specifies a box type for a box which is devoted to carrying intelle
brty rights information within a JP2 file. Inglusion of this information in a JP2 file is optional for conforming
definition of the format of the contents ef this box is reserved for ITU-T | [ISO. However, the type of this b
ed in this Recommendation | International Standard as a means to allow applications to recognize the existen
nformation. Use and interpretation of this information is beyond the scope of this Recommendation | Internat
lard.

neral, an IPR box found at the top level of the file specifies IPR for the file as a whole. IPR boxes may be fou
locations, including inside superboxes defined by other Recommendations | International Standards. For thosg
s, the rights specified.réfer to the entity defined by the containing superbox.

lype of the Intelléctual Property box shall be 'jp2i' (0x6A70 3269).

Adding vendor-specific information to the JP2 file format

followinig boxes provide a set of tools by which applications can add vendor-specific information to the JP]
at_All of the following boxes are optional in conforming files and may be ignored by conforming readers.

Vhen
file.

ctual
files.
DX 1S
te of
onal

nd at
IPR

b file

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

boxe

s may be found anywhere in the file except before the File Type box.

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

161


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

ISO/IEC 15444-1:2019 (E)

The

type of an XML box is 'xmI\040' (0x786D 6C20). The contents of the box shall be as in Figure 1.18:

DATA

T.800(15)_F1.18

Figure 1.18 — Organization of the contents of the XML box
DATA: This field shall contain a well-formed XML document as defined by REC-xml-19980210.

The existence of any XML boxes is optional for conforming files. Also, any XML box shall not contain any information
necessary for decoding the image to the extent that is defined within this Recommendation | International Standard, and
the correct interpretation of the contents of any XML box shall not change the visual appearance of the image. All readers

may

ignore any XML box 1n the file.

1.7.2 UUID boxes

A Ul
Recd

foun

The

The

nece
Stan
Allr

1.7.3

Whil
infor
exte

1 anywhere in the file except before the File Type box.
ype of a UUID box shall be 'uuid' (0x7575 6964). The contents of the box shall be as in Figure 1.19:

DATA
ID %

T.800(19)_F1.19

Figure 1.19 — Organization of the contents/f the UUID box

ID: This field contains a 16-byte UUID as specified by ISO/IEC 11578. The value of this UUID spe
the format of the vendor-specific information stored in the DATA field and the interpretation o
information.

DATA: This field contains vendor-specific information. The format of this information is defined outsi

UUID field.

Table 1.23 — Format of the contents of a UUID box

Field name Size (bits) Value

UUID 128 Variable
DATA Variable Variable

pxistence of any UUID boxes is optional for conforming files. Also, any UUID box shall not contain any inform,
ksary for decoding the“irhage to the extent that is defined within this part of this Recommendation | Internat

baders may ignorevany UUID box.

UUID Info boxes (superbox)

e it is Useful to allow vendors to extend JP2 files by adding information using UUID boxes, it is also useful to pr
matlon in a standard form Wthh can be used by non-extended apphcatrons to get more information abou

JID box contains vendor-specific information other than the information contained within boxes defined within this
mmendation | International Standard. There may be multiple UUID boxes within the file, and those boxes mdy be

ifies
 that

e of

the scope of this Recommendation | International Standard, but it is indicated by the value of the

htion
onal

ard, and the interpretation of the information in any UUID box shall not change the visual appearance of the image.

vide
t the

boxes. These boxes may be found anywhere in the top level of the ﬁle (the superbox of a UUID Info box shall be the JP2

file itself) except before the File Type box.

Info

These boxes, if present, may not provide a complete index for the UUIDs in the file, may reference UUIDs not used in
the file, and possibly may provide multiple references for the same UUID.
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The type of a UUID Info box shall be 'uinf' (0x7569 6E66). The contents of a UUID Info box are as in Figure 1.20:

UList | ~DE

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 specifies a link to
more information. The format of the UUID List box is specified in 1.7.3.1.
DE: 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

1.7.311 UUID List box

732

This|box contains a list of UUIDs. The type of a UUID List box shall be ‘ulst’ (0x756C 7374). The contents of a JUID

List pox shall be as in Figure [.21:

1.7.312 Data Entry URL box

NU ]Dl) IDNU 1
T.800(19)_FI[21
Figure 1.21 — Organization of the contents of a UUID List box
NU: Number of UUIDs. This field specifies the number of UUIDs found in this UUID List box. This|field
is encoded as a 2-byte big-endian unsigned integer.
ID': ID. This field specifies one UUID, as specified in ISQ/IEC 11578, which shall be associated with the

URL contained in the URL box within the same-HUID Info box. The number of UUID' fields [shall
be the same as the value of the NU field. The value of this field shall be a 16-byte UUID.

Table 1.24 — UUID List box.contents data structure values

Parameter Size (bits) Value
NU 16 0to (2!~ 1)
UUID! 128 0to (2'%%-1)

This|box contains a URL whichcan be used by an application to acquire more information about the assoc]
vendor-specific extensions. The‘format of the information acquired through the use of this URL is not defined ir
Recgmmendation | International Standard. The URL type should be of a service which delivers a file (e.g., URLs of]

file,

contgining this Data Entry/URL box.

The

Figure 1.22:

http, ftp, etc.), whichudeally also permits random access. Relative URLs are permissible and are relative to th

ype of a Data Entry URL box shall be 'url\040' (0x7572 6C20). The contents of a Data Entry URL box shall be

ERS

LOC

iated
this
type
e file

as in

FLAG

T.800(15)_F1.22

Figure 1.22 — Organization of the contents of a Data Entry URL box

VERS: Version number. This field specifies the version number of the format of this box and is encoded as

a 1-byte unsigned integer. The value of this field shall be 0.

FLAG: Flags. This field is reserved for other uses to flag particular attributes of this box and is encoded as a

3-byte unsigned integer. The value of this field shall be 0.

LOC: Location. This field specifies the URL of the additional information associated with the UUIDs
contained in the UUID List box within the same UUID Info superbox. The URL is encoded as a null

terminated string of UTF-8 characters.
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Table 1.25 — Data Entry URL box contents data structure values

Parameter Size (bits) Value
VERS 8 0
FLAG 24 0
LOC varies varies
L.8 Dealing with unknown boxes

A conforming JP2 file may contain boxes not known to applications based solely on this Recommendation | International
Standard. If a conforming reader finds a box that it does not understand, it shall skip and ignore that box.
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Annex J

Examples and guidelines

(This annex does not form an integral part of this Recommendation | International Standard.)

This annex includes a number of examples intended to indicate how the encoding process works, and how the resulting
codestream should be output. This annex is entirely informative.

J.1 Software conventions adaptive entropy decoder
This|annex provides some alternate flowcharts for a version of the adaptive entropy decoder. This alternate versien|may
be more efficient when implemented in software, as it has fewer operations along the fast path.
The plternate version is obtained by making the following substitutions. Replace the flowchart in Figure C20 with the
flowghart in Figure J.1. Replace the flowchart in Figure C.15 with the flowchart in Figure J.2. Replace the flowchgrt in
Figufe C.19 with the flowchart in Figure J.3.
INITDEC
BP=BPST
C = (B XOR 0xFF) << 16
BYTEIN
C=C=<<7
CT=CT-7
A= 0x8000
T.800(19)_FJ.1
Figure J.1 — Initialization of the software-conventions decoder
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DECODE

A=A—Qe(I{CX))

Yes Chigh < A? No

'

A AND 0x8000 = 0?

No

Chigh = Chigh - A

chs ' ¢

D =MPS_EXCHANGE D = MPS(CX) D = LPS_EXCHANGE
RENORMD RENORMD
\ 4
Return D
T.800(19)_FJ.2

Figure J.2 — Decoding an MPS or an LPS in the software-conventions decoder

BYTEIN

h 4

BP=BP+ 1
B1 > 0x8F? C=C + 0xFF00 — (B << 8)
CT=8
A4
BP=BP+1
C=C+0xFE00 — (B << 9) CT=8
CT=7
Done
T.800(19)_FJ.3

Figure J.3 — Inserting a new byte into the C register in the software-conventions decoder

J.2 Selection of quantization step sizes for irreversible transformations

For irreversible compression, no particular selection of the quantization step size is required in this Recommendation |
International Standard. Different applications may specify the quantization step sizes according to specific tile-component
characteristics. One effective way of selecting the quantizer step size for each sub-band b is to scale a default step size Ay
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by taking into account the horizontal and vertical filtering procedures which produced these sub-band coefficients. One

method consists of scaling A; with an energy weight parameter y, (the amount of squared errors introduced by a unit error
in a transformed coefficient of sub-band ) in the following way [12]:

A
Ap = -
i
J.3 Filter impulse responses corresponding to lifting-based irreversible filtering procedures

The irreversible filtering procedures described in Annex F implement the 9-tap/7-tap Cohen-Daubechies-Feauveau
convolutional filter bank [20], [21]. Equivalent impulse responses of the analysis and synthesis filters are given in

TablpsT.Tand J.Z.

Table J.1 — Definition of impulse responses for the 9-7 irreversible analysis filter bank

n Low-pass filter Approximate value
2
0 —5x1(48|x2| —16%x, + 3) /32 0.602 949 018 736 360
+1 —5x1(8|x2|2 - ‘szj /8 0. 266864 118 442 875
2
+2 —5x1(4|x2| — 4R, — 1) /16 ~07078 223 266 528 990
+3 —5x(%Rx,)/ 8 —0.016 864 118 442 875
+4 —5x /64 0.026 748 757 410 810
n High-pass filter Approximate value
1 (6x; —1)/ 8x, 1.115 087 052 457 000
2,0 —(16x, —1)/32x, —0.591 271 763 114 250
3.1 (2x, +1)/ 16%; —0.057 543 526 228 500
4,2 —W32% 0.091 271 763 114 250

Table J.2 — Definition of impulse responses for the 9-7 irreversible synthesis filter band

n Low-pass filter Approximate value
0 (6x, —1)/8x 1.115 087 052 457 000
+1 (16 —1)/32x 0.591271 763 114 250
+2 (2x +1)/16x —0.057 543 526 228 500
+3 1/32x —0.091 271 763 114 250
n High-pass filter Approximate value
2
| —5x1(48|x2| —16Rx, + 3) /32 0.602 949 018 236 360
2
0,2 5x1(8|x2| - inz) /8 —0.266 864 118 442 875
2
1,3 —5x1(4|x2| —4%Rx, — 1) /16 ~0.078 223 266 528 990
2.4 5x(%Rx,)/ 8 0.016 864 118 442 875
3.5 —5x, / 64 0.026 748 757 410 811
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J.4

Example of discrete wavelet transformation

Table J.3 contains the integer-valued samples /(x, ) of a tile component that is 13 samples wide and 17 samples high.

Table J.3 — Source tile component samples

J.4.]

Tabl
resull
givel
integ

168

1(X, y) 0 1 2 3 4 5 6 7 8 9 10 11 12
0 0 1 2 3 4 5 6 7 8 9 10 11 12
1 1 1 2 3 4 5 6 7 8 9 10 11 12
2 2 2 2 3 4 5 6 7 8 9 10 11 12
3 3 3 3 4 5 5 6 7 8 9 10 11 12
4 4 4 4 5 5 6 7 8 8 9 10 11 12
5 5 5 5 5 6 7 7 8 9 10 11 12 13
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 T4 14 15
11 11 11 11 11 11 12 12 13 13 14 14 15 16
12 12 12 12 12 12 13 13 13 14 15 15 16 16
13 13 13 13 13 13 13 14 14 15 15 16 17 17
14 14 14 14 14 14 14 15 15 16 16 17 17 18
15 15 15 15 15 15 15 16 16 17 17 18 18 19
16 16 16 16 16 16 16 17 17 17 18 18 19 20

Example of 9-7 irreversible wavelet transformation

Table J.4 — 2LL sub-band.coefficients (9-7 irreversible wavelet transformation)

azLL(u, V) 0 1 2 3
0 4 11
1 4 5 8 11
2 8 9 11 13
3 12 12 14 16
4 15 15 17 18

Table J.5 — 2HL sub-band coefficients (9-7 irreversible wavelet transformation)

es J.4,J.5,1.6,).7,J.8,J.9 and J.10 contain the coefficients of the sub-bands 2LL, 2HL, 2LH, 2HH, 1HL, 1LH,
ting from the two-level decomposition with the 9-7 irreyersible transformation of the source tile component san
W in Table J.3 (see Figure F.18). The coefficients" ¥alues displayed in the tables have been rounded to the ng
er.

IHH
hples
arest

azHL(U, V) 0 1 2
0 Q 0 0
1 0 0 0
2 0 0 0
3 0 0 0
4 0 0 0

Rec. ITU-T T.800 (06/2019)
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Table J.6 — 2LH sub-band coefficients (9-7 irreversible wavelet transformation)

a2LH(U, V) 0 1 2 3
0 0 0 0 0
1 0 0 0 0
2 0 0 0 0
3 0 0 0 0

Table J.7 — 2HH sub-band coefficients (9-7 irreversible wavelet transformation)

aznH(U, V) 0 1 2
0 -1 0 0
1 -1 0
2 0
3 0

Table J.8 — 1HL sub-band coefficients (9-7 irreversible wavelet transformation)

aiHL(u, v) 0 1 2 3 4 5
0 0 0 0 0 0 0
1 0 0 0 0 0 0
2 0 0 0 0 0 0
3 0 -1 0 0 0 0
4 0 0 0 -1 0 0
5 0 0 1 1 0 -1
6 0 0 0 0 0 0
7 0 0 -1 -1 -1 0
8 0 0 0 0 0

Table J.9 — 1LH sub-band coefficients (9-7 irreversible wavelet transformation)

aiLH(u, V) 0 1 2 3 4 5 6
0 0 0 0 0 0 0 0
1 0 0 0 -1 0 0 0
2 0 0 0 0 0 1 1
3 0 0 0 0 -1 1 0
4 0 0 0 0 0 0 1
5 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0

Table J.10 — 1HH sub-band coefficients (9-7 irreversible wavelet transformation)

arHH(U, V) 0 1 2 3 4 5
0 -1 0 0 0 0 0
1 0 0 -1 0 0 0
2 0 -1 1 0 0 0
3 0 0 0 0 0 1
4 0 0 0 0 -1 0
5 0 0 0 0 0 0
6 0 0 -1 0 -1 1
7 0 0 0 0 -1 0
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J.4.2

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.

Example of 5-3 reversible wavelet transformation

Table J.11 — 2LL sub-band coefficients (5-3 reversible wavelet transformation)

azHL(U, V) 0 1 2 3
0 0 4 12
1 4 5 12
2 8 8 11 15
3 12 12 14 18
4 16 16 18 20

Table J.12 — 2HL sub-band coefficients (5-3 reversible wavelet transformation)

azHL(U, V) 0 1 2
0 0 0 0
1 0 1 0
2 0 1 0
3 0 0 1
4 0 0 0

Table J.13 — 2LH sub-band coefficient (5-3 reyersible wavelet transformation)

azLH(U, V) 0 1 2 3
0 0 0 0 0
1 0 1 1 1
2 0 0 0 0
3 0 0 0 0

Table J.14 — 2HH_sub-band coefficients (5-3 reversible wavelet transformation)

azHH(U, V) 0 1 2
0 -1 0 0
1 -1 0
2 0 1 0
3 0 0

Table J.15 — 1HL sub-band coefficients (5-3 reversible wavelet transformation)

aiHL(U, V) 0 1 2 3 4 5
0 0 0 0 0 0 0
1 0 0 0 0 0 0
2 0 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)

aiLn (U, V) 0 1 2 3 4 5 6
0 0 0 0 0 0 0 0
1 0 0 1 0 0 0 0
2 0 0 0 0 0 1 1
3 0 0 1 0 0 1 1
4 0 0 0 0 1 0 2
5 0 0 0 0 0 0 1
6 0 0 0 0 0 0 1
7 A 0 A A 1 1 0O

Table J.17 — 1HH sub-band coefficients (5-3 reversible wavelet transformation)

ainH (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 1 0 1 0
3 0 0 0 0 0 1
4 0 0 0 0 0 1
5 0 0 0 1 0 0
6 0 0 0 0 0 1
7 0 0 0 0 -1 0

Row-based wavelet transform

ribed here is an example of a row-based wavelet transforfiation for the 9-7 irreversible filter that is well-suitg

bmentations require the whole image to be buffered,(and then the filtering to be performed in vertical and horiz
tions. While filtering in the horizontal direction is‘very simple, filtering in the vertical direction is more invo
Fing along a row requires one row to be reads filtering along a column requires the whole image to be read.
tins the huge bandwidth requirements of“the traditional wavelet transformation implementation. The row-l
let transformation overcomes the preyious limitation while providing the exact same transformed coefficients
ional wavelet transformation implementation. However, the row-based wavelet transformation alone doe
de a complete row-based encoding paradigm. A complete row-based coder also has to take into account a
wing coding stages up to the efittopy coding and rate allocation stages.

The FDWT_ROW-procedure

balent of the 2D _SDprocedure described in F.4.2, except for the 2D DEINTERLEAVE procedure. The range g
les of input til¢ component /(x, y) is assumed to be defined by Equation (F-1). Each row of the buffer buf(i, j)
fcx) — texo £ \P~The general description of the FDWT_ROW applied to one image tile component is illustrat
e J.4 forthe/first level of decomposition. The FDWT ROW takes as input a level shifted image tile componen

ompoenent has at least five rows.

d for
ation
bntal
[ved.
This
ased
as a

not
| the

FDWT_ROW procedure’for the 9-7 irreversible filter uses one buffer buf(i, j) of five rows, 0 < i <4, to perform the

fthe
is of
bd in
row

mplestand produces as output one row of transform coefficients. It is assumed throughout this clause that the ifnage
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FDWT ROW » | GET ROW(y, buf)

I

y«0 RB_VERT _1(buf)
i« mod(y—4,5)
INIT(y, buf) peytl
I I
v v
START VERT(buf) buf(i) = 1D_SD(buf(i), i,, 1,)

I I

iy < mod (tcx,, 2)
i« fcx, - tex, + i

I

buf0) = 1D_SD(buf(0), i, 1,)

}

OUTPUT ROW(buf(0)) Q& RO, b END_2(y, buf)

!

RB VERT 2(huf)

A 4 A l

END_I(y, buf) i < mod(y — 4, 5)

yeytl

|

bufti) = 1D_SD(buf(i), iy, 1,)

|

OUTPUT_ROW(buf(i))

OUTPUT_ROW(bufii))

No

y<ley - ey

4

Done
y<lcy, —tcy,

Done

| T.800(15)_FJ.4

h nC} -4 [a'al) FERAV RO <l
p A lgulc J. T THUTIVY I INUYY Pl ouLluuIrv

J.5.1.1 The GET_ROW procedure

In this description, the level shifted image tile component is assumed to be stored in an external memory I(x, y). As
illustrated in Figure J.5, the GET_ROW procedure reads one row of samples of the level shifted image tile component
and transfers this row of samples in the buffer, buf.
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GET ROW

i< mod(y, 5)
d<«0
X < t(:xo

j<0

mod(fcx,, 2) =0 Ne > de1

Yes

%N

A 4

buf (i, d + j) < I(x, y + tcy,)

}

xex+1

F ¥

Jeitl

No

Yes

Done

T.800(15)_FJ.5

Figure J.5=The GET_ROW procedure

J.5.2 The INIT procedure

As i!;ustrated in Figure J.6, the INIT procedure reads five rows of samples of the level shifted image tile componentf and
tranglfers these rows of samples to th&buffer, duf.
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J.5.3

INIT

i—0

:

GET ROW(y huf)

!

i—i+1
yveyt+1

No

Yes

Done

T.800(19)_FJ.6

Figure J.6 — The INIT procedure

The START_VERT procedure

As illustrated in Figure J.7, the START VERT procedure modifies the coefficients in the buffer buf(i, j). In this figure,

as w

buf(i

7)o bufliz,j) for d <j < texo — tex) $4d.

11 as in all the following figures of this clauge, the expression buf{i) < buf(i) + a - buf{i) is equivalent to buf(i,|j) <

174
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buf(0) < buf0) + 2a. - buf(1)
buf(2) « bufi2) + o - buf(1)
buf(1) « bufi1) + B - bufl0)
buf(2) « bufi2) + o - buf(3)
buf(1) <= buf(1) + B - buf2)
BuR0) < bufl0) + 2y - bufi1)
buf(4) < bufi4) + 2o - buf(3)
bufi3) < bufi3) + B - bufi2)

START_VERT

ISO/IEC 15444-1:2019 (E)

v < fcy _ICy

bufl0) < buff0) + 2B - bufi1)

bufi1) < bufi1) + o - bufi0)
buf{1) « buf(1) + o - buf(2)

bufi3) « bufi3) + a - buf(2)
bufi2) < bufi2) + B - bufi1)
buf(1) < buf{1) + v - buf(0)
buf(3) < buf(3) + o - buf(4)
bufi2) < bufi2) + B - bufi3)
buf(1) <= buf(1) + vy - buf(2)

J.5.3

.1

Dufi2) < bufi2) + v - bufl1)
buf(1) < buf(1) + 6 - buf(0)
bufi0) < K - buf{0)

Done

Yes

Bufl0) < buf0) + 25 - buf(l)

1
bufi0) <K - buf0)

buf(0) < bufl0) + 20 - buf(1)
buf(2) < buf(2) + o - buf(1)
buf(1) < bufi1) + B - bufl0)
buf(2) < bufi2) + a - buf(3)
bufi1) <= bufi1) + B - bufi2)
buf(0) < bufl0) + 2y - buf(1)
buf(4) « bufid) + o - buf(3)
buf(3) < bufi3) +f - bufi2)
bufi2) < bufi2) +v - bufi1)
buf(1) < buf(1) + & - buf0)
bufl0) < K - bufi0)

Done

Done

T.800(19)_FJ.7

Figure-J.7 — The START_VERT procedure

The RB_VERT_1 procedure

As illustrated in Figure J.8, the RB’ VERT 1 procedure modifies the coefficients in buf{i, j).
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RB_VERT 1

bufimod(y — 1, 5)) < bufimod(y — 1, 5)) + o - bufimod(y, 5))
buf{mod(y — 2, 5)) < bufimod(y — 2, 5)) + B - buf{imod(y — 1, 5))
buflmod(y — 3, 5)) < buf(mod(y — 3, 5)) +y - buf(mod(y — 2, 5))

bufimod(y — 4, 5)) < bufimod(y — 4, 5)) + & - bufimod(y — 3, 5)) , Done

bufimod(y — 4, 5)) « ]l< - bufimod(y — 4, 5))

J buflmod(y, 5)) < bufimod(y,5)) + 2a. - buf (mod(y -.1,,5))
bufimod(y — 1, 5)) < bufimod(y — 1, 5)) + B - bufimodl(y~ 2, 5))

s

< < tcy, —teyy, — 1 No buf(mod(y - 2, 5)) < buflmod(y -2, 5)) +v - bufimod(y — 3, 5))
buflmod(y — 3, 5)) « bufimod(y — 3, 5)) + & - buf(wiod(y — 4, 5))

T Yes buflmod(y — 4, 5)) «K- bufimodfy — 4, 5))

A 4

bufimod(y, 5)) < bufimod(y,5)) + o - bufimod(y — 1, 5)) Done
buffimod(y — 1, 5)) < bufimod(y — 1, 5)) + B - bufimod(y — 2, 5))
byf(imod(y — 2, 5)) < buf(mod(y — 2, 5)) + vy - bufimod(y — 3, 5))
biffimod(y — 3, 5)) < buf(imod(y — 3, 5)) + & - bufimod(y — 4, 5))
bufimod(y — 4, 5)) <K - buflmod(y — 4, 5))

Done
T.800(19)_FuUB
FigureJ.8 — The RB_VERT _1 procedure

J.5.3.2 The RB_VERT 2 procedure
As illustrated in Figure J.9, the RB>VERT 2 procedure modifies the coefficients in buf{i, j).
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RB_VERT 2

buflmod(y — 1, 5)) < bufimod(y — 1, 5)) + a - buf{imod|(y, 5))
bufimod(y — 2, 5)) « bufimod(y — 2, 5)) + B - buf(mod(y — 1, 5))
bufimod(y — 3, 3)) < buflmod(y — 3, 5)) + vy - bufimod(y — 2, 5))

Yes o bufimod(v — 4, 5)) < bufimod(y — 4, 5)) + & - bufimod(y — 3, 5))

mod(tcy,, 2) =0

No bufimod(y — 4, 5)) < 1%  bufimod(y — 4, 5))

Done

b bufimod(y, 5)) < bufimod(y, 5)) < bufimod(y — 1, 5))
/ Yes bufimod(y — 1, 5)) <= bufimod(y =.1,'9)) + B - bufimod(y -2, 5))
< v < lcy, — ey, bufimod(y — 2, 5)) «— bufimody\=2, 5)) + v - bufimod(y - 3, 5))
buf(mod(y — 3, 5)) « bufimod(y— 3, 5)) + & * buf(mod(y — 4, 5))

A 4

No buf(mod(y — 4, 5)).<K - bufimod(y — 4, 5))
bufimod(y, 5)) < bufimod(y, 5)) + 2a - buflmod(y — 1, 5)) r
buf(mod(y — 1, 5)) <= buflmod(y — 1, 5)) + B - buf(mod(y — 2,:3))
buflmod(y — 2, 5)) < bufimod(y — 2, 5)) + v * bufimod(y — 3, 5)) Done

bufimod(y — 3, 5)) «<— bufimod(y - 3, 5)) + & - bufimod(y.=4, 5))
bufimod(y — 4, 5)) <K - buf(mod(y — 4, 5))

T.800(19)_FJp

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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