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INFORMATION TECHNOLOGY -
JPEG 2000 IMAGE CODING SYSTEM —
PART 1: CORE CODING SYSTEM

1 Scope

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

This Recmmendation | International Standard
— specifies decoding processes for converting compressed image data to reconstructed image dpta

— specifies a codestream syntax containing information for interpreting the compressed image flata
— specifies a file format
— provides guidance on encoding processes for converting souree image data to compressed infage data

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

2 References

The follofving Recommendations and International Standafds contain provisions which, through reference in this text,
constitute] provisions of this Recommendation | International Standard. At the time of publication, the editionq indicated
were valid. All Recommendations and Standardscare subject to revision, and parties to agreements basgd on this
Recommgndation | International Standard are encouraged to investigate the possibility of applying the mjost recent
edition off the Recommendations and Standaxds’ listed below. Members of IEC and ISO maintain registers of currently
valid Inteynational Standards. The Telecommmunication Standardization Bureau of the ITU maintains a list of currently
valid ITUFT Recommendations.

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

— ITU-T Recommendation T.88 | ISO/IEC 14492, Information technology — Lossy/lossless poding of
bi-levelimages.

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

< ISO/IEC 8859-15:1999, Information technology — 8-bit single-byte coded graphic characler sets —

Lot Io: Latinalphabet No 4.

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

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

— ITU-T Recommendation T.86 | ISO/IEC 10918-4, Information technology — Digital compression and
coding of continuous-tone still images: Registration of JPEG profiles, SPIFF profiles, SPIFF tags,
SPIFF colour spaces, APPn markers, SPIFF compression types and Registration Authorities
(REGAUT).
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— ITU-T Recommendation T.87 | ISO/IEC 14495-1, Information technology — Lossless and near-
lossless compression of continuous-tone still images: Baseline.

— International Color Consortium, ICC profile format specification. ICC.1:1998-09.

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

— W3C, Extensible Markup Language (XML 1.0), REC-xml-19980210.
— IETF RFC 2279, UTF-8, A transformation format of ISO 10646. January 1998.

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

3 Definitions

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

3.1 Lx |, floor function: This indicates the largest integer not exceeding X.

3.2 [x7, ceiling function: This indicates the smallest integer not exceeded by/x:

33 5-3 reversible filter: A particular filter pair used in the wavelet transformation. This reversible filter] pair has 5
taps in th¢ low-pass and 3 taps in the high-pass.

34 9-7 irreversible filter: A particular filter pair used in the wavelet transformation. This irreversibl{ filter pair
has 9 tapq in the low-pass and 7 taps in the high-pass.

3.5 AND: Bit wise AND logical operator.

3.6 arithmetic coder: An entropy coder that converts, vatiable length strings to variable length codes {encoding)
and visa yersa (decoding).

3.7 auxiliary channel: A channel that is used by'the application outside the scope of colourspace convgrsion. For
example, pn opacity channel or a depth channel wouldbe an auxiliary channel.

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

39 bit-plane: A two dimensional argay of bits. In this Recommendation | International Standard a bit-pjane refers

to all the |pits of the same magnitude i allycoefficients or samples. This could refer to a bit-plane in a comp¢nent, tile-
componeipt, code-block, region of intérest, or other.

3.10 bit stream: The actual sequence of bits resulting from the coding of a sequence of symbols. It does lrlnot include
the markdrs or marker segments)in the main and tile-part headers or the EOC marker. It does include any pacKet headers
and in strgam markers and marker segments not found within the main or tile-part headers.

3.11 big endian:~Fhe bits of a value representation occur in order from most significant to least significapt.

3.12 box: A.portion of the file format defined by a length and unique box type. Boxes of some types mpay contain
other boxgs.

3.13 boxcontents: 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.

3.14 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.

3.15 byte: Eight bits.

3.16 channel: One logical component of the image. A channel may be a direct representation of one component
from the codestream, or may be generated by the application of a palette to a component from the codestream.

3.17 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.

2 © I1SO/IEC 2000 — All rights reserved


https://iecnorm.com/api/?name=4b21e51baf0cea32a2e1ff5f39391bcf

| SO/IEC 15444-1:2000(E)

3.18 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.

3.19 code-block: A rectangular grouping of coefficients from the same subband of a tile-component.

3.20 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 remain 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.

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

3.22 odins—Ppass: S e e-appropriate-coetficient—values-and-gontext 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
compressgd image data.

3.23 coefficient: The values that are result of a transformation.

3.24 colour channel: A channel that functions as an input to a colour transformation system. For exanjple, a red
channel of a greyscale channel would be a colour channel.

3.25 component: A two-dimensional array of samples. A image typically e¢onsists of several compdnents, for
instance rgpresenting red, green, and blue.

3.26 compressed image data: Part or all of a bit stream. Can also refer to-a collection of bit streams in part or all of
a codestrgam.

3.27 conforming reader: An application that reads and interpret§ a JP2 file correctly.

3.28 context: Function of coefficients previously decoded{dnd used to condition the decoding of tlie present
coefficien.

3.29 context label: The arbitrary index used to distinguish different context values. The labels are jused as a
convenierjce of notation rather than being normative.

3.30 context vector: The binary vector consisting'of the significance states of the coefficients included in|a context.
3.31 decoder: An embodiment of a decoding process, and optionally a colour transformation process.

3.32 decoding process: A process which takes as its input all or part of a codestream and outputs all of part of a

reconstru¢ted image.

3.33 decomposition level: A collection of wavelet subbands where each coefficient has the same spatial|impact or
span with respect to the source ¢oniponent samples. These include the HL, LH, and HH subbands of the [same two
dimensional subband decomposition. For the last decomposition level the LL subband is also included.

3.34 delimiting markers and marker segments: Markers and marker segments that give informafion about
beginning and ending points of structures in the codestream.

3.35 discrete'wavelet transformation (DWT): A transformation that iteratively transforms one signal ifito two or
more filtgred and decimated signals corresponding to different frequency bands. This transformation operates on
spatially dliscrete samples.

3.36 encoder: An cmbodiment ol an encoding process.

3.37 encoding process: A process, that takes as its input all or part of a source image data and outputs a
codestream.

3.38 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.

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

341 grid resolution: The spatial resolution of the reference grid, specifying the distance between neighboring
points on the reference grid.

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

343 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).
3.44 HH subband: The subband obtained by forward horizontal high-pass filtering and vertical high-pass filtering.

ot b

Th b ad alaatac o paoam ot ol o st dovarca varstiool bogh oo Oleqciag and b oo ool hogh oo £1 1
is subband-cottributesto-reconstroctomwith-verse-vertreaHreh-passHlterinenad-hertzontal-hishpassHHering.

3.45 HL subband: The subband obtained by forward horizontal high-pass filtering and vertical low-pays filtering.
This subband contributes to reconstruction with inverse vertical low-pass filtering and horizontal high-pass filtgring.

3.46 image: The set of all components.

347 image area: A rectangular part of the reference grid, registered by offsets from the,otigin and the extent of the
reference [grid.

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

349 image data: The components and component samples making up an image. Image data can refer tq either the
source imjage data or the reconstructed image data.

3.50 in bit stream markers and in bit stream marker segments: Markers and marker segments that prgvide error
resilience{functionality.

3.51 informational markers and informational marker ‘segments: Markers and marker segments|that offer
ancillary {nformation.

3.52 irreversible: A transformation, progression, sy§tem, quantization, or other process that, due to systemic or
quantization error, disallows lossless recovery. An irreversible process can only lead to lossy compression.

3.53 JP2 file: The name of a file in the filesformat described in this specification. Structurally, a JH2 file is a
contiguoys sequence of boxes.

3.54 JPEG: Used to refer globally .to the encoding and decoding process of the following Recommgndations |
Internatiopal Standards:

— ITU-T Recommendation T.81 | ISO/IEC 10918-1:1994, Information technology - Digital cqmpression
and coding of contihuous-tone still images: Requirements and guidelines,

— ITU-T Recommendation T.83 | ISO/IEC 10918-2:1995, Information technology - Digital cdmpression
and coding-of continuous-tone still images: Compliance testing,

— ITU- T Recommendation T.84 | ISO/IEC 10918-3:1996, Information technology - Digital cqmpression
ahd)coding of continuous-tone still images: Extensions,

— ITU-T Recommendation T.84 | ISO/IEC 10918-3 Amd 1 (In preparation), Information te¢hnology -
Digital compression and coding of continuous-tone still images: Extensions - Amendment 1,

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

3.55 JPEG 2000: Used to refer globally to the encoding and decoding processes in this Recommendation |
International Standard and their embodiment in applications.

3.56 LH subband: The subband obtained by forward horizontal low-pass filtering and vertical high-pass filtering.
This subband contributes to reconstruction with inverse vertical high-pass filtering and horizontal low-pass filtering.
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3.57 LL subband: The subband obtained by forward horizontal low-pass filtering and vertical low-pass filtering.
This subband contributes to reconstruction with inverse vertical low-pass filtering and horizontal low-pass filtering.

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

3.59 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.

3.60 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 ohe of the coding processes or steps used for encoding and decoding is irreversible.

3.61 magnitude refinement pass: A type of coding pass.

3.62 main header: A group of markers and marker segments at the beginning of the codestréam that ddscribe the
image patameters and coding parameters that can apply to every tile and tile-component.

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

3.64 marker segment: A marker and associated (not empty) set of parameters,

3.65 mod: mod(y,x) = z, where z is an integer such that 0 <z < x, and such/that y-z is a multiple of x.

3.66 packet: A part of the bit stream comprising a packet header and the compressed image data from orje layer of

one preciifict of one resolution level of one tile-component.
3.67 packet header: Portion of the packet that contains signallinginecessary for decoding that packet.

3.68 pointer markers and pointer marker segments: Markérs and marker segments that offer information about
the locati¢n of structures in the codestream.

3.69 precinct: A one rectangular region of a transforimed tile-component, within each resolution levell used for
limiting the size of packets.

3.70 precision: Number of bits allocated (fo” a particular sample, coefficient, or other binary pumerical
representgtion.

3.71 progression: The order of a codestream where the decoding of each successive bit contributes to [a “better”
reconstrug¢tion of the image. What metrics' make the reconstruction “better” is a function of the application. Some
examples |of progression are increasing resolution or improved sample fidelity.

3.72 quantization: A methdd of reducing the precision of the individual coefficients to reduce the number of bits
used to eptropy code them. This is equivalent to division while compressing and multiplying while decompressing.
Quantizatjon can be achieved by an explicit operation with a given quantization value or by dropping (truncatigg) coding
passes frgm the codestream.

3.73 raster order: A particular sequential order of data of any type within an array. The raster order starfs with the
top left dqta point-anid moves to the immediate right data point, and so on, to the end of the row. After the end pf the row
is reached the next data point in the sequence is the left-most data point immediately below the current row. Thiis order is
continued| to the end of the array. T

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

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

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

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

3.78 region of interest (ROI): A collections of coefficients that are considered of particular relevance by some user

defined measure.
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3.79 resolution level: Equivalent to decomposition level with one exception: the LL subband is also a separate
resolution level.

3.80 reversible: A transformation, progression, system, or other process that does not suffer systemic or
quantization error and, therefore, allows lossless signal recovery.

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

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

3.83 selective arithmetic coding bypass: A coding style where some of the code-block passes are not coded by the
arithmetig-eodertnstead-the-bits-to-be-coded-are-appended-directhyto-the-bit-stream—withott-coding:

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

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

3.86 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 sigh bit.

3.87 significance propagation pass: A coding pass performed on a single bit-plane, of a code-block of cqefficients.

3.88 significance state: State of a coefficient at a particular bit-plane. If a coefficient, in sign-magnitud¢ notation,
has the first magnitude 1 bit at, or before, the given bit-plane it is considered)“significant.” If not, it is ¢onsidered
“insignifi¢ant.”

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

3.90 subband: A group of transform coefficients resulting ffom'the same sequence of low-pass and|high-pass
filtering operations, both vertically and horizontally.

391 subband coefficient: A transform coefficient within\a’given subband.

3.92 subband decomposition: A transformation of\an-image tile-component into subbands.

3.93 superbox: A box that itself contains a contiguous sequence of boxes (and only a contiguous sgquence of

boxes). Ap the JP2 file contains only a contiguous'sequence of boxes, the JP2 file is itself considered a superbox. When
used as pjrt of a relationship between two boxes, the term superbox refers to the box which directly containg the other
box.

3.94 tile: A rectangular array of-points on the reference grid, registered with and offset from the refefence grid
origin and defined by a width and height. The tiles which overlap are used to define tile-components.

3.95 tile-component: All the samples of a given component in a tile.

3.96 tile index: The idex of the current tile ranging from zero to the number of tiles minus one.

3.97 tile-part: A pertion of the codestream with compressed image data for some, or all, of a tile. THe tile-part
includes gt least ongyand up to all, of the packets that make up the coded tile.

3.98 tile-part-header: A group of markers and marker segments at the beginning of each tile-part in the codestream
that descrjbethe-tile-part coding parameters.

3.99 ite= i : ;i tte= f tte= ninus in a
given tile.

3.100 transformation: A mathematical mapping from one signal space to another.

3.101 transform coefficient: A value that is the result of a transformation.

3.102 XOR: Exclusive OR logical operator.
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Abbreviations and symbols

Abbreviations

For the purposes of this Recommendation | International Standard, the following abbreviations apply.
CCITT: International Telegraph and Telephone Consultative Committee, now ITU-T
ICC: International Colour Consortium

ICT: Irreversible Colour transformation

[TECT 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 (fofmerly the
CCITT)

JPEG: Joint Photographic Experts Group - The joint ISO/ITU comfnittee responsible for developing
standards for continuous-tone still picture coding. It also refers\o the standards producgd by this
committee: ITU-T T.81 | ISO/IEC 10918-1, ITU-T T.83 | }ISOAEC 10918-2, ITU-T T.84 | ISO/IEC
10918-3 and T.87 | ISO/IEC 14495.

JURA: JPEG Utilities Registration Authority
1D-DWT: One-dimensional Discrete Wavelet Transformation
FDWT: Forward Discrete Wavelet Transformation
IDWT: Inverse Discrete Wavelet Transformation
LSB: Least Significant Bit.

MSB: Most Significant Bit.

PCS: Profile Connection Space

RCT: Reversible Colour Transformation

ROI: Region Of Interest

SNR: Signal to Noise Ratio.

UCS: Universal Character Set

URI: Uniform'Resource Identifier

URL: Uniferm Resource Location

UTE-8:-YCS Transformation Format 8

UUID: Universal Unique Identifier

XML: Extensible Markup Language

W3C: World-Wide Web Consortium

4.2 Symbols

For the purposes of this Recommendation | International Standard, the following symbols apply.
0x----: Denotes a hexadecimal number.

\nnn: A three-digit number 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.
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&,: Exponent of the quantization value for a subband defined in QCD and QCC.
Up: Mantissa of the quantization value for a subband defined in QCD and QCC.
M,,: Maximum number of bit-planes coded in a given code-block.

Np: Number of decomposition levels as defined in COD and COC.

Rjy: Dynamic range of a component sample as defined in SIZ.

COC: Coding style component marker

COD: Coding style default marker

5
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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
PPT: Packed packet headers, tile-part header marker
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 matker

General description

fication desCtibes an image compression system that allows great flexibility, not only for the comy
it also for the access into the codestream. The codestream provides a number of mechanisms for 10|
portions ‘of the compressed image data for the purpose of retransmission, storage, display, or ed
bws sterage and retrieval of compressed image data appropriate for a given application, without deco

ression of
cating and
ting. This
ding.

The division of both the original image data and the compressed image data in a number of ways leads to the ability to
extract image data from the compressed image data to form a reconstructed image with lower resolution or lower
precision, or regions of the original image. This allows the matching of a codestream to the transmission channel, storage
device, or display device, regardless of the size, number of components, and sample precision of the original image. The
codestream can be manipulated without decoding to achieve a more efficient arrangement for a given application.

Thus, the sophisticated features of this specification allow a single codestream to be used efficiently by a number of
applications. The largest image source devices can provide a codestream that is easily processed for the smallest image
display device, for example.
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In general, this standard deals with three domains: spatial (samples), transformed (coefficients), and compressed image
data. Some entities (e.g. tile-component) have meaning in all three domains. Other entities (e.g. code-block or packet)
have meaning in only one domain (e.g. transformed or compressed image data respectively). The splitting of an entity
into other entities in the same domain (e.g. component to tile-components) is described separately for each of the
domains.

5.1 Purpose

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

Encoder: An embodiment of an enrnding process An encoder takes as inpnt digiml sonurce imngP data and

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| data and
parameter specifications, and by means of a specified set of procedures generates,'ds output digital
reconstructed image data.

Codestream syntax: A representation of the compressed image data that includes all’‘parameter spegifications
required by the decoding process.

Optional file format: The optional file format is for exchange between_application environments. The
codestream can be used by other file formats or stand-alone withouf-this file format.

5.2 Codestream

The codegtream is a linear stream of bits from the first bit to the last bit. For convenience, it can be divided ipito (8 bit)
bytes, stafting with the first bit of the codestream, with the “earlier’bit'in a byte viewed as the most significang bit of the
byte when given e.g. a hexadecimal representation. This byte stream may be divided into groups of consecufive bytes.
The hexaglecimal value representation is sometimes implicitly_assumed in the text when describing bytes off group of
bytes that|do not have a “natural” numeric value representation.

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 inmjage data.
Procedurgs are presented in the Annexes.itthe order of the decoding process. The coding process is summarizgd below.

NOTE|— Annexes A through I are considered normative to this Recommendation | International Standard. Certain dg¢noted sub-
sections and notes and all examples afe informative, however.

Many imdges have multiple’coniponents. This specification has a multiple component transformation to decorr¢late three
componeits. This is the only function in this specification that relates components to each other. (See Annex (.)

The imagp components may be divided into tiles. These tile-components are rectangular arrays that relate tg the same
portion ofl each of-the components that make up the image. Thus, tiling of the image actually creates tile-compqnents that
can be ejtracted or decoded independently of each other. This tile independence provides one of the mg¢thods for
extracting a‘tegion of the image. (See Annex B.)

The tile-components are decomposed into different decomposition levels using a wavelet transformation. These
decomposition levels contain a number of subbands populated with coefficients that describe the horizontal and vertical
spatial frequency characteristics of the original tile-components. The coefficients provide frequency information about a
local area, rather than across the entire image like the Fourier transformation. That is, a small number of coefficients
completely describe a single sample. A decomposition level is related to the next decomposition level by a spatial factor
of two. That is, each successive decomposition level of the subbands has approximately half the horizontal and half the
vertical resolution of the previous. Images of lower resolution than the original are generated by decoding a selected
subset of these subbands. (See Annex F.)
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Codestream syntax (Annex A)

Y

ROI
Annex H

Y

Codestream

DC, comp.

Data ordering Arithmetic Coefficient Quantization Transform- transform-

Annex B coding bit modeling Annex E ation ation
Annex C Annex D Annex F AnneX ¢

Reconstructed and rendered image

File format (optional, Annex I)

Although
few coeff]
further re
these qual
Annex B.

The indiv
can be ex
passes. E
Annex D.
(See Ann
compress

The bit s
grouping§

NOTE
image.

Subband

Packets ai

of a precifct of one reSplution level of one tile-component. Packets provide another method for extracting a spa

independg
Annex B.

Figure 5-1 — Specification block diagram

cients. Through quantization, the information content of a large number of small-magnitude coe
Huced (Annex E). Additional processing by the entropy coder reducessthe number of bits required td
ntized coefficients, sometimes significantly compared to the original image. (See Annex C, Ann

ich of these coding passes collects contextual information about the bit-plane compressed image

px C.) Different termination mechanisms allow-'different levels of independent extraction of this ¢
bd image data.

of coding passes from code-bloeks. (See Annex B.)

— Although there is great flexibility in layering, the premise is that each successive layer contributes to a hig

oefficients at each resolution level are partitioned into rectangular areas called precincts. (See Annex

e a fundamentdlunit of the compressed codestream. A packet contains compressed image data fron]

ntly from the codestream. These packets are interleaved in the codestream using a few different met|

A mechar

lismivis provided that allows the compressed image data corresponding to regions of interest in the or

components to be coded and placed earlier in the bit stream. (See Annex H.)

ream compressed image data created from these coding passes is grouped in layers. Layers ar¢

there are as many coefficients as there are samples, the information contéat tends to be concentrated in just a

ficients is
represent

ex D, and

dual subbands of a tile-component are further divided into’code-blocks. These rectangular arrays of cpefficients
racted independently. The individual bit-planes of thé\coefficients in a code-block are coded with thfee coding

data. (See

An arithmetic coder uses this contextual information, and its internal state, to decode a compressed pit stream.

ding pass

arbitrary

her quality

B.)

one layer
tial region
hods. (See

iginal tile-

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

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

10
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The codestream is optionally wrapped in a file format that allows applications to interpret the meaning of, and other
information about, the image. The file format may contain data besides the codestream. (See Annex I.)

To review, procedures that divide the original image are the following:

The components of the image are divided into rectangular tiles. The tile-component is the basic unit of

the original or reconstructed image.

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

These decomposition levels are made up of subbands of coefficients that describe the frequency

characteristics of local areas (rather than across the entire tile-component) of the tile-compon

At this po|
units into

6

An encod|
the encod

An encod
Standard,
specified
7

A decodij

int the image data is fully converted to compressed image data. The procedures that feassemble these
the codestream are the following:

Encoder requirements

ng process converts source image-data to compressed image data. Annexes A, B, C, D, E, F, G, and §
ng process. All encoding processes are specified informatively.

er is an embodiment«ofthe encoding process. In order to conform to this Recommendation | Int
an encoder shall convert source image data to compressed image data, that conform to the codestre
n Annex A.

Decoder requirements

g process converts compressed image data to reconstructed image data. Annex A through Annex K

The subbands of coefficients are quantized and collected into rectangular arrays of code-bloc]
Each bit-plane of the coefficients in a code-block are entropy coded in three types of cading {

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

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
level of a single tile-component. The packets are the basic unit'ef the compressed image data

All the packets from a tile are interleaved in one of severakorders and placed in one, or more,

The tile-parts have a descriptive tile-part header and €an be interleaved in some orders.

ent.
ks.

passes.

bit stream

resolution

tile-parts.

The codestream has a main header at the beginfing’that describes the original image and the various

decomposition and coding styles.

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

ext of the

] describe

ernational
hm syntax

i describe

and speci

y 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.

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.

© ISO/IEC 2000 — All rights reserved
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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 the Recommendation | International Standard.

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

7.2 Optional file format requirements

Annex I 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 nged, shall comply
with the fjle format syntax and code assignments appropriate for the coding processes defined in the°Recomnjendation |
Internatiopal Standard.

8 Implementation requirements

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

Codestream syntax
(This Annex forms a normative and 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 |
Internatiopal Standard. These markers and marker segments provide codestream information for this Recomnjendation |
Internatiopal Standard. Further, this Annex provides a marker and marker segment syntax that is designed-te’be used in
future spefcifications that include this Recommendation | International Standard as a normative referenee:

This Recpmmendation | International Standard does not include a definition of complianceyor conformyince. The
parameter| values of the syntax described in this Annex are not intended to portray the capabilities requijred to be
compliang.

Al Markers, marker segments, and headers

This Regommendation | International Standard uses markers and marker\.segments to delimit and dignal the
characterifstics of the source image and codestream. This set of markers and marker segments is the minimal infformation
needed to| achieve the features of this Recommendation | International Standard and is not a file format. A minimal file
format is pffered in Annex I.

Main and|tile-part headers are collections of markers and marker.s€gments. The main header is found at the beginning of
the codesfream. The tile-part headers are found at the beginning)of each tile-part (see below). Some markers ahd marker
segments fare restricted to only one of the two types of headers while others can be found in either.

Every matker is two bytes long. The first byte consists:0f a single OxFF byte. The second byte denotes the specific marker
and can hjive any value in the range 0x01 to OxFE. Many of these markers are already used in ITU-T Rec. T.81 | ISO/IEC
10918-1 gnd ITU-T Rec. T.84 | ISO/IEC 10918-3:1996 and shall be regarded as reserved unless specifically usgd.

A marker| segment includes a marker and associated parameters, called marker segment parameters. In evefy marker
segment the first two bytes after the marKer shall be an unsigned value that denotes the length in bytes of the marker
segment flarameters (including the two-bytes of this length parameter but not the two bytes of the marker itself). When a
marker segment that is not specified in the Recommendation | International Standard in a codestream, the decoder shall
use the lepgth parameter to di§card the marker segment.

A.l.1 Types of markers and marker segments

Six types [of markets and marker segments are used: delimiting, fixed information, functional, in bit stream, p¢inter, and
informatignal. Pelimiting markers and marker segments are used to frame the main and tile-part headers apnd the bit
stream dafa.Fixed information marker segments give required information about the image. The location of thgse marker
segments|like delimiting marker and marker segments, is specified. Functional marker segments are used to ddscribe the
coding functions used. In bit stream markers and marker segments are used for error resilience. Pointer marker segments
provide specific offsets in the bit stream. Informational marker segments provide ancillary information.

A.1.2 Syntax similarity with ITU-T Rec. T.81 | ISO/IEC 10918-1
The marker and marker segment syntax uses the same construction as defined in ITU-T Rec. T.81 | ISO/IEC 10918-1.

The marker range 0xFF30 — OxFF3F is reserved by this specification for markers without marker segment parameters.
Table A-1 shows in which specification these markers and marker segments are defined.
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Table A-1 — Marker definitions

Marker code range Standard definition

0xFF00, 0xFFO01, OxFFFE, 0OxFFCO — OxFFDF

Defined in ITU-T Rec. T.81 | ISO/IEC 10918-1

OxFFFO — OxFFF6 Defined in ITU-T Rec. T.84 | ISO/IEC 10918-3

OxFFF7 — OxFFF8 Defined in ITU-T Rec. T.87 | ISO/IEC 14495-1

OeE4 O el Q21200 O=1R=02

h w
UXTTST OUXTTOT; UATT IO OXTT T

Delned 1n tnis kecommendation I'International Standard

0xFF30 — OxFF3F Reserved for definition as markers only (no marker ségiient.

All other values reserved

Al13

NOTE
decodd

Al4

Each mar
contained|

Marker and marker segment and codestream rules

Marker segments, and therefore the main and tile-part headers, ar€ a multiple of 8 bits (|
Further, the bit stream data between the headers and before the, EOC marker (see Annex
padded to also be aligned to a multiple of 8 bits.

All marker segments in a tile-part header apply only to the tileto which they belong.

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

Delimiting and fixed information marker and.marker segments must appear at specific po
codestream.

alteration, or editing of the codestream.has been performed, the marker segments shall be
necessary.

All parameter values in marker-segments are big endian.

Marker segments can appearin any order in a given header. Exceptions are the delimiting m|
marker segments and the fixed information marker segments.

All markers with the-marker code between OxFF30 and OxFF3F have no marker segment p|
They shall be skipped by the decoder.

— The markers in thesrange OxFF30 — OxFF3F may be used by future extensions. They may or may not be s
r without ramification

Key to graphical descriptions (informative)

ker segment is described in terms of its function, usage, and length. The function describes the if

pne byte).
A.4.4) are

'ridden by

nts in the

The marker segments shall correctly descfibe the image as represented by the codestream. If {runcation,

ipdated, if

arkers and

prameters.

kipped by a

formation

codestream-

in{the “marker segment. The usage describes the logical location and frequency of this marker seg

nrent in the

er-seament
(=}

These descriptions are followed by a figure that shows the order and relationship of the parameters in the marker segment.
Figure A-1 shows an example of this type of figure. The marker segments are designated by the three letter code of the
marker associated with the marker segment. The parameter symbols have capital letter designations followed by the
marker’s symbol in lower case letters. A rectangle is used to indicate a parameter’s location in the marker segment. The
width of the rectangle is proportional to the number of bytes of the parameter. A shaded rectangle (diagonal stripes)
indicates that the parameter is of varying size. Two parameters with superscripts and a gray area between indicate a run of

several of

14

these parameters.
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16-bit marker 8-bit parameter 32-bit parameter Run of n parameters

i Y yobmr
MAR | L B C | %E " |Emar”
mar mar mar / mar mar

\mar

Variable size parameter

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

The figur¢ is followed by a list that describes the meaning of each parameter in the marker segment. If pa_rallneters are
repeated, [the length and nature of the run of parameters is defined. As an example, in Figure A-1, the\first| rectangle
representy the marker with the symbol MAR. The second rectangle represents the length parameter. Baramefers Amar,

Bmar, Cnar, and Dmar are 8, 16, 32 bit and variable length respectively. The notation Emar' implies that there are n
different parameters, Emari, in a row.

After the|list is a table that either describes the allowed parameter values or provides references to other fables that
describe fthese values. Tables for individual parameters are provided to describg ,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 bifs that are not included in the specification of the parameter or sub-parameter in the corresponding fow of the

table.

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

A2 Information in the marker segments

Table A-2 lists the markers specified in this Recommendation | International Standard. Table A-3 shows a lis{ of which
informati¢n is provided by which marker and market’segments.

Table A-2 —Tist of markers and marker segments

Symbol Code Main header® Tile-part header®
Delimitifjg markers and marker.segments
Start of cpdestream SoC OxFF4F required not allqwed
Start of tille-part SOT 0xFF90 not allowed requited
Start of dpta SOD 0xFF93 not allowed last majrker
End of cddestreas FOE——OxFFDY motttowed motattowed
Fixed information marker segments
Image and tile size SIZ 0xFF51 required not allowed
Functional marker segments
Coding style default COD 0xFF52 required optional
Coding style component cocC 0xFF53 optional optional
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Table A-2 — List of markers and marker segments (continued)

Symbol Code Main header® Tile-part header®

Region-of-interest RGN OxFF5E optional optional
Quantization default QCD 0xFF5C required optional
Quantization component QCC 0xFF5D optional optional
Progressien-erderchange POC OXKFESE optional® optiofal®
Pointer narker segments

Tile-part lengths TLM 0xFF55 optional not allgwed
Packet lepgth, main header PLM O0xFF57 optional not allqwed
Packet lepgth, tile-part header PLT 0xFF58 not allowed optiopal
Packed phcket headers, main header PPM 0xFF60 optional® not allgwed
Packed phcket headers, tile-part header PPT 0xFF61 not allowed optior a9

In bit stfeam markers and marker segments

not allowedl in tile-
Start of placket SOP 0xFF91 not allowed part header) optional
in bit stream

optional ingide PPT

optional inside PPM .
marker segment or in

End of pgcket header EPH 0xFF92
marker segment

bit str¢am
Informational marker segments
Compongnt registration CRG 0xFF63 optional not allqwed
Commen COM 0xFF64 optional optiohal

a. Requirpd means the/marker or marker segment shall be in this header, optional means it may be used.
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
segmellnt issused then PPT marker segments shall not be used, and vice versa.

A3 Construction of the codestream

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

The COD and COC marker segments and the QCD and QCC marker segments have hierarchy of usage. This is designed
to allow tile-components to have dissimilar coding and quantization characteristics with a minimum of signalling.
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Table A-3 — Information in the marker segments

Information Marker segment

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

Number of components SIZ
Component precision

Component mapping to the reference grid (sub-sampling)

Titfeindex SOT. TLM

Tile-part data length

Progression order
Number of layers COD
Multiple component transformation used

Coding style
Number of decomposition levels
Code-block size

Code-block style COD, COC
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 infermation COM

For exampley 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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Required as the first marker.

Main header
Main header marker segments
Required at the beginning of each tile-part header.
Tile-part header TO, TPO Tile 0, tile-part O header marker segments

Required at the end of each tile-part header.

Tile-part bit stream. Might include SOP and EPH,

Tile-part header

Required as thelast marker in the codestream.

Figure A-2 — Construction of the codestream
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SOC Required as the first marker.
S1Z Required as the second marker segment.
COD Required.
<+ — — COoC Optional, no more than one COC per component.
QCD Required.
- — — QCC Optional, no more than one QCC per component.
4
E - — — RGN Optional, no more than one RGN per component.
5
= <+ — — POC Required in main or tile for any progression order change.
-+ — — PPM Optional, either PPM or PPT ot codestream packet headefs
required.
- — — TLM Optional.
. - Optona.
-t — — CRG Optional.

Figure A:3— Construction of the main header
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Required as the first marker segment of every tile-part header.

main

hder.

main

20

SOT
- — — Optional, no more than one COD per tile.
-« — — Optional, no more than one COC per component.
% -« — — QCD Optional, no more than one QCD per tile.
2
) - — — QCC Optional, no more than one QCC per component.
¢
3
b
,:; -« — — Optional, no more than one RGN per component!
B
D
£
E _ Required if any progression order changes different from
& -t POC q y prog g
T POC.
:a -« _ Optional, either PPM or PPT or cedestream packet heade]
u: required.
<« — — PLT Optional.
-« — — COM Optional.
N SOD Required as,the last marker of every tile-part header.
Figure A-4 — Construction of thedirst tile-part header of a given tile
- SOT Required as the first marker segment of every tile-part he
k)
*; -« — — POC Required if any progression order changes different from
POC.
‘-E ——— PPF ﬂpﬁnn;ﬂ either PPM ar PPT or codestream packet headel
g required.
3 Optional
% -t — — PLT p :
<=
g - — — COM Optional.
2
=
SOD Required as the last marker of every tile-part header.

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

© ISO/IEC 2000 — All rights reserved


https://iecnorm.com/api/?name=4b21e51baf0cea32a2e1ff5f39391bcf

| SO/IEC 15444-1:2000(E)

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.

A4.1 Start of codestream (SOC)

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

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

Length: Kixed.
SOC: Marker code.

Table A-4 — Start of codestream parameter values

Parameter Size (bits) Values

SOC 16 OxFF4E

© 1SO/IEC 2000 — All rights reserved 21
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A4.2

Start of tile-part (SOT)

Function: Marks the beginning of a tile-part, the index of its tile, and the index of its tile-part. The tile-parts of a given
tile shall appear in order (see TPsot) in the codestream. However, tile-parts from other tiles may be interleaved in the
codestream. Therefore, the tile-parts from a given tile may not appear contiguously in the codestream.

Usage: Every tile-part header. Shall be the first marker segment in a tile-part header. There shall be at least one SOT in a
codestream. There shall be only one SOT per tile-part.

Length: Fixed.

22

AL
TINSOU

SOT

Lsot

Isot

Psot

TPsot

Figure A-6 — Start of tile-part syntax

SOT: Marker code. Table A-5 shows the sizes and values of the symbol and parameters for start ¢f tile-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 startmg at the number 0.

Psot: Length, in bytes, from the beginning of the first byte of this SOT marker segment of the tilepart to the
end of the data of that tile-part. Figure A-16 shows this alignment. Only the last tile-part in the
codestream may contain a 0 for Psot. If the Psot 15,0, "this tile-part is assumed to contain all daa until the

EOC marker.

TPsot: Tile-part index. There is a specific order gequired for decoding tile-parts; this index denote§ the order
from 0. If there is only one tile-part for*a tile then this value is zero. The tile-parts of thi$ 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.

Table'A-5 — Start of tile-part parameter values

Parameter Size (bits) Values
SOT 16 0xFF90
Lsot 16 10
Isot 16 0— 65534
Psot 32 12— (2°%1)

TPsot 8 0—254
TNsot 8 Table A-6
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Table A-6 — Number of tile-parts, TNsot, parameter value

Value Number of tile-parts
0 Number of tile-parts of this tile in the codestream is not defined in this header
1 —255 Number of tile-parts of this tile in the codestream

© ISO/IEC 2000 — All rights reserved
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A4.3 Start of data (SOD)

Function: Indicates the beginning of bit stream data for the current tile-part. The SOD also indicates the end of a tile-part
header.

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

Length: Fixed.

SUDT Marker code

Table A-7 — Start of data parameter values

Parameter Size (bits) Values

SOD 16 0xFF93
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Ad4 End of codestream (EOC)

Function: Indicates the end of the codestream.

| SO/IEC 15444-1:2000(E)

NOTE — This marker shares the same code as the EOI marker in ITU-T Rec. T.81 | ISO/IEC 10918-1.

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

NOTE — In the case a file has been corrupted, it is possible that a decoder could extract much useful compressed image data
without encountering an EOC marker.

Length: Fixed.

EOC: Marker code

Table A-8 — End of codestream parameter values

Parameter

Size (bits)

Values

EOC

16

0xFFD9

© ISO/IEC 2000 — All rights reserved
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A5 Fixed information marker segment

This marker segment describes required information about the image.The SIZ marker segment is required in the main
header immediately after the SOC marker segment.

A51 Image and tile size (SIZ)

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

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

Length: Yariable depending on the number of components.

§1Z | Lsiz | Rsiz Xsiz Ysiz X(isiz YClsiz X'ljsiz Y'llsiz

Ssiz' YRsizl Ssiz" YRsiz"

XTJ)siz YTgsiz Csiz

XRsiz! XRsiz"

Figure A-7 — Image and tile Size syntax
SIZ: Marker code. Table A-9 shows the size and parameter values of the symbol and parameters|for image
and tile size marker segment.
Lsiz: Length of marker segment in bytes<(not including the marker). The value of this pafameter is
determined by the following equation:

Lcod = 38+3 - Csiz. Al

Rsiz: Denotes capabilities that-a*decoder needs to properly decode the codestream.

Xsiz: Width of the reference) grid.

Ysiz: Height of the seference grid.

XOsiz:Horizontaloffset 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.

XTO0siz:Horizontal offset from the origin of the reference grid to the left side of the first tile.

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

Csiz: Number of components in the image.

Ssizl: Precision (depth) in bits and sign of the ith component samples. The precision is the precision of 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 -2(552 AND 0X7F)-1 < component sample value < 2552 AND 0x7)-1_ ¢

There is one occurrence of this parameter for each component. The order corresponds to the
component’s index, starting with zero.
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XRsiz!:Horizontal separation of a sample of ith component with respect to the reference grid. There is one
p p p p g
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.

Table A-9 — Image and tile size parameter values

Parameter Size (bits) Values
SIZ 16 OxEES]
Lsiz 16 41 —49 190
Rsiz 16 Table A-10
Xsiz 32 1—@¥2.
Ysiz 32 1— 2

XOsiz 32 0—@02%%-2)
YOsiz 32 0—(23%-2)
XTsiz 32 1—2%-1
YTsiz 32 1—@¥2.
XTOsiz 32 0—(2%2.2)
YTOsiz 32 0—(232.2)
Csiz 16 1— 16384
Ssizt 8 Table A-11
XRsiz! 8 1—255
YRsiz! 8 1—255

Table A-10 — Capability Rsiz parameter

Value (bits)

MSB

LSB

yal Joe et
Capaotty

0000 0000 0000 0000

Capabilities specified in this Recommendation | International Standard only

All other values reserved

© ISO/IEC 2000 — All rights reserved
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Table A-11 — Component Ssiz parameter

Values (bits) Component sample precision
MSB LSB P piep
x000 0000 — Component sample bit depth = value + 1. From 1 bit deep through 38
x010 0101 bits deep respectively (counting the sign bit, if appropriate)®, R;
0xXX XXXX Component sample values are unsigned values
TXXX XXXX COmponent sampic values are signed values

All other values reserved.

a.

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

Function: Describes the coding style, number of decomposition levels, and layering that is the default used for
compressing all components of an image (if in the main header) or a tile (if in the tile-part header). The parameter values
can be overridden for an individual component by a COC marker segment in either the main or tile-part header.

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

When usqd in the main header, the COD marker segment parameter values are used for all tile-Ceinponents that do not
have a cofresponding COC marker segment in either the main or tile-part header. When uséd'in the tile-par{ header it
overrides [the main header COD and COCs and is used for all components in that tile without a correspondling COC
marker segment 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 lessor marker segment.

Length: Yariable depending on the value of Scod.

SGcod

COD | Lcod %%

Scod SPcod

Figure A-8'~ Coding style default syntax

COD: Marker code. Table A-12(shows the size and values of the symbol and parameters for coding style,
default marker segmeiit.

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

12 maximum_precincts

Lcod = { A2

13 + number_decomposition_levels user-defined_precincts

where maximum_precincts and user-defined_precincts are indicated in the Scod parapeter and
number_decomposition_levels is indicated in the SPcod parameter.

Scod: Loding Style 1or all components. 1able A-15 Shows The value 10r the SCod parameter.

SGceod: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
SGcod 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.
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Table A-12 — Coding style default parameter values

Parameter Size (bits) Values
COD 16 0xFF52
Lcod 16 12 —45
Scod 8 Table A-13

SGeod 32 Table- A4
SPcod variable Table A-15

Table A-13 — Coding style parameter values for the Scod parameter

N}/Sa]l; e (blif;)B Coding style
xxxx xxx0 Entropy coder, precincts with PPx = 15.and PPy = 15
XXXX Xxx1 Entropy coder with precincts défined below
xxxx xx0x No SOP marker’'segments used
XXXX XX 1x SOP marker'segments may be used
xxxx x0xx NO’EPH marker used
XXXX X1Xx EPH marker may be used
All other values reserved

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

Paramelers (in order) Size (bits) Values Meaning of SGceod values
Progrgssion order 8 Table A-16 Progression order
Number of layers 16 1 — 65535 Number of layers
Multiple cornppnent 8 Table A-17 Multiple component transformation usage
trangformation

30
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Table A-15 — Coding style parameter values of the SPcod and SPcoc parameters

Parameters (in order) Size (bits) Values Meaning of SPcod values
N”mp‘,’r of 8 0—32 Number of decomposition levels, N;, Zero implies no transformation.
decomposition levels
Code-block width 8 Table A-18 Code-block width exponent offset value, xcbh
Code-block height 8 Table A-18 Code-block height exponent offset value, ych
Codeqblock style 8 Table A-19 Style of the code-block coding passes
Trangformation 8 Table A-20 Wavelet transformation used.
If Scod or Scoc = xxxx xxx0, this parameter is\not present, oth¢grwise
Preki . bl Table A21 this indicates precinct width and height. The(first parameter (8 bits)
repinct size variable able A- corresponds to the N;LL subband. Eachsticéessive parameter
corresponds to each successive resolution level in order.
A — Progression order
B— Niimber of layers
C/4— Multiple component transformation
Al B |C|D|E|F|G|H|T " Dy~ Number of decomposition levels
E — Code-block width
SGeod SPcod F — Code-block height
- | | G — Code-block style

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

Table A-16 — Progression-order for the SPcod, SPcoc, and Ppoc parameters

H — Transformation

it through I — Precinct size

N},SaIlBu e (b]if;)B Progression order
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

© ISO/IEC 2000 — All rights reserved
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Table A-17 — Multiple component transformation for the SPcod parameters

Values (bits) Multiple component transformation type
MSB LSB whp P P
0000 0000 No multiple component transformation specified.

Component transformation used on components 0, 1, 2 for coding efficiency (see
0000 0001 Annex 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

lable A-18 — Width or height exponent of the code-blocks for the SPcod and SPcoc parameterp

Values (bits) . .
MSB LSB Code-block width and height
Code-block width and height exponent offset value xcb = value + 2 or
ycb = value + 2. The code-block width and heightére limited to
xxxx 0000 — . .. . . 75 .
powers of two with the minimum size being 2° and the maximum
xxxx 1000

being 210, Further, the code-block size is restricted so that xch+ychb <=
12.

All othervalues reserved

Table A-19 — Code-block style for‘the SPcod and SPcoc parameters

Values (bits)
Code-block style
MSB LSB y

xxxx xxx0 No selective arithmetic coding bypass
XXXX xxx1 Selective arithmetic coding bypass
xxxx xx0x No reset of context probabilities on coding pass boundaries
XXXX XX1x Reset context probabilities on coding pass boundaries
xXxXx x0xx No termination on each coding pass
XXXX XXX Termination on each coding pass
XXxX XXX No vertically causal context
XXXX 1xxx Vertically causal context
xxX0 XXXX No predictable termination
XXX] XXXX Predictable termination
xxX0X XXXX No segmentation symbols are used
xx1x Xxxxx Segmentation symbols are used

All other values reserved
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Table A-20 — Transformation for the SPcod and SPcoc parameters

Values (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

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

© ISO/IEC 2000 — All rights reserved
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A.6.2

Coding style component (COC)

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

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

When used in the main header it overrides the main COD marker segment for the specific component. When used in the

tile-part

eader it overrides the main COD _main COC _and tile COD for the pr‘(‘iﬁ(‘ component Thus th

order of

precedend

where the]

Length: \

e is the following:

Tile-part COC > Tile-part COD > Main COC > Main COD
“greater than” sign, >, means that the greater overrides the lessor marker segment.

fariable depending on the value of Scoc.

Ccoc SPcoc

COC | Lcoc 7// %

Scoc

Figure A-10 — Coding style component syntax
COC: Marker code. Table A-22 shows the size and\values of the symbol and parameters for cq
component marker segment.

Lcoc: Length of marker segment in bytes)(hot including the marker). The value of this paj
determined by the following equation:

9 maximum_precincts AND Csiz <257

Leoe = 10 maximum_precincts AND Csiz | 257
10 + number_decomposition_levels user-defined_precincts AND Csiz <257

11 + numberdecomposition_levels user-defined_precincts AND Csiz § 257

ding style

fameter is

A3

where maximum_precincts and user-defined_precincts are indicated in the Scoc paraeter and

number, deeomposition_levels is indicated in the SPcoc parameter.

Ccoc: The(ndex of the component to which this marker segment relates. The components are index
efc.

Scoc: yCoding style for this component. Table A-23 shows the value for each Scoc parameter.

ed0,1, 2,

SPcoc:Parameters for coding style designated in Scoc. The parameters are designated, in order fi

om top to

bottom, in Table A-15. The coding style parameters within the SPcoc field appear in the sequence

shown in Figure A-11.

A — Number of decomposition levels
B — Code-block width

Alslciplel# C— Code-block height

D — Code-block style
E — Transformation

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 9—43
Ceoc 8 0 —255;if Csi? <257
16 0 — 16 383; Csiz = 257
Scoc 8 Table A-23
SPcoct variable Table A-15

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

Values (bits)

Coding style

MSB LSB
0000 0000 Entropy coder with maximum precinct yalues PPx = PPy = 15
0000 0001 Entropy coder with precinct yalues defined below

All other “alues reserved

© ISO/IEC 2000 — All rights reserved
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A.6.3 Region of interest (RGN)

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

Usage: Main and first tile-part header of a given tile. If used in the main header it refers to the ROI scaling value for one

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

When used in the tile-part header the scaling value is valid only for one component in that tile. There may be at most one
RGN marker segment for each component in either the main or tile-part headers. The RGN marker segment for a
particular component which appears in a tile-part header overrides any marker for that component in the main header, for

in the first

the tile in which it appears If there are mn]tip]P tile-pnﬁq in atile then this marker segment shall be found only

tile-part header.

Length: Yariable.

etc.

Crgn SPrgn

RGN

V,
Lrgn é

Srgn

Figure A-12 — Region of interest syntax

SPrgn:Parameter for ROI style designatedsin Srgn.

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

Lrgn: Length of marker segment in bytes (not includingthe marker).

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

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

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

of interest

ed0,1, 2,

Parameter Size (bits) Values
RGN 16 O0xFFSE
Lrgn 16 5—6
Cren 8 0 —255;if Csi; <257
16 0 — 16 383; Csiz = 257
Srgn 8 Table A-25
SPrgn 8 Table A-26

Table A-25 — Region-of-interest parameter values for the Srgn parameter

Values

ROI style (Srgn)

Implicit ROI (maximum shift)

All other values reserved

36
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Table A-26 — Region-of-interest values from SPrgn parameter (Srgn = 0)

Parameters (in order)

Size (bits)

Values

Meaning of SPrgn value

Implicit ROI shift

8

0—255

Binary shifting of ROI coefficients above the background

© ISO/IEC 2000 — All rights reserved
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A.6.4

Quantization default (QCD)

Function: Describes the quantization default used for compressing all components not defined by a QCC marker
segment. The parameter values can be overridden for an individual component by a QCC marker segment in either the
main or tile-part header.

Usage: Main and first tile-part header of a given tile. Shall be one and only one in the main header. May be at most one
for all tile-part headers of a tile. If there are multiple tile-parts for a tile, and this marker segment is present, it shall be
found only in the first tile-part (TPsot = 0).

When used_in the tile-pm’t header it overrides the main QCD and the main QCC for the QpP(‘iﬁ(‘ component
recedence is the following:

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

order of p

where the]

Length: \

NOTE
is not
requirg

QCD:

Lqcd:

Sqed:

“greater than” sign, >, means that the greater overrides the lessor marker segment.

(ariable depending on the number of quantized elements.

— The Lqcd{can*be used to determine how many quantization step sizes are present in the marker segment. Hoy
necessarily @ correspondence with the number of subbands present because the subbands can be truncat
ment to'correct this marker segment.

Schdi

ZY
QCD | Lqcd Z z
Sqed  SPged®

Figure A-13 — Quantizationdefault syntax
Marker code. Table A-27 shows the size and\values of the symbol and parameters for q
default marker segment.

Length of marker segment in bytes<(not including the marker). The value of this paj
determined by the following equations

4 + 3 - number_deComposition_levels no_quantization
Lgcd = 5 scalar_quantization_derived
5 4+ 6 - number_decomposition_levels scalar_quantization_expounded

where number~decomposition_levels is defined in the COD and COC marker segni
no_quantization, scalar_quantization_derived, or scalar_quantization_expounded is signal
Sqcd parameter.

Quantization style for all components.

Thus, the

antization

fameter 1s

A4

ents, and
led in the

ever, there
td with no

38

Schdi:Quantization step size value for the ith subband in the defined order (see Annex F.3.1). The number of
parameters is the same as the number of subbands in the tile-component with the greatest number of

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

Parameter Size (bits) Values
QCD 16 0xFF5C
Lqcd 16 4—197
Sqed 8 Table A-28

SPqedt v FabteA-28

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

Values (bits) . SPqced or SPqce SPqed or SPqce
MSB LSB Quantization style size (bits) usage

xxx0 0000 No quantization 8 Table A-29

Scalar derived (values signalled for N;LL
xxx0 0001 . 16 Table A-30
subband only). Use Equation E.5.
Scalar expounded (values signalled for each
xxx0 0010 subband). There are as many step sizes 16 Table A-30
signalled as there are subbands.

000x xxxx — Number of guard bits 0 — %

111x xxxx

All other values reserved

Tabléd

Table

A-29 — Reversible step size values for the SPqcd and SPqcc parameters (reversible transform|only)
Values (bits) . .
MSB LSB Reversible step size values
0000 Oxxx — Exponent, g, of the reversible dynamic range signalled for each subband (see
1111 Ixxx Equation E.5)
All other values reserved
A-30-— Quantization values for the SPqcd and SPqcc parameters (irreversible transformation only)
N Uantization Sep Size vaiues
MSB LSB N P
xxxx x000 0000 0000 — Mantissa, |, of the quantization step size value (see Equation E.3)
xxxx x111 1111 1111

0000 0xXX XXXX XXXX —
1111 1XXX XXXX XXXX

Exponent, g, , of the quantization step size value (see Equation E.3)
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| SO/IEC 15444-1:2000(E)

39


https://iecnorm.com/api/?name=4b21e51baf0cea32a2e1ff5f39391bcf

| SO/IEC 15444-1: 2000(E)

A.6.5

Quantization component (QCC)

Function: Describes the quantization used for compressing a particular component

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

Optional in both the main and tile-part headers. When used in the main header it overrides the main QCD marker segment
for the specific component. When used in the tile-part header it overrides the main QCD, main QCC, and tile QCD for the

specific ¢

where the]

Length: \

NOTE
necess
correct

mpaonent Thus the order of prer‘edenr‘e is the fn]lnwing'

Tile-part QCC > Tile-part QCD > Main QCC > Main QCD
“greater than” sign, >, means that the greater overrides the lessor marker segment.

(ariable depending on the number of quantized elements.

Cqcc Schci

ZIRZ %
QCC | Lgcce Z // z
Sqce  SPqec?

Figure A-14 — Quantization component syntax

QCC: Marker code. Table A-31 shows the size and values of the symbol and parameters for qu
component marker segment.

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

5 4 3 - number_decomposition_levéls no_quantization AND Csiz < 257

6 scalar_quantization_derived AND Csiz <257

Lgce = 6 + 6 - number_decomposition_levels scalar_quantization_expounded AND Csiz <257
6 + 3 - number_decomposition_levels no_quantization AND Csiz } 257

7 scalar_quantization derived AND Csiz § 257

7 + 6 - numberndecomposition_levels scalar_quantization_expounded AND Csiz § 257

where number_decomposition_levels is defined in the COD and COC marker segni
no_quantization, scalar_quantization_derived, or scalar_quantization_expounded is signal
Sqce/parameter.

— TheLlgcc can be used to determine how many step sizes are present in the marker segment. However,

irily 4 correspondence with the number of subbands present because the subbands can be truncated with no req|
this_marker segment.

antization

fameter 1s

AS

ents, and
ed in the

here is not
lirement to

40

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

etc. (Either 8 or 16 bits depending on Csiz value.)

Sqce: Quantization style for this component.

Schci:Quantization value for each subband in the defined order (see Annex F.3.1). The number of parameters
is the same as the number of subbands in the tile-component with the greatest number of decomposition

levels.
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Table A-31 — Quantization component parameter values

Parameter Size (bits) Values
QCC 16 0xFF5D
Lqcc 16 5—199
Cqee 8 0 —255;if Csi? <257
16 0 — 16 383; Csiz = 257
Sqcce 8 Table A-28
SPqccl variable Table A-28

© ISO/IEC 2000 — All rights reserved
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A.6.6 Progression order change (POC)

Function: Describes the bounds and progression order for any progression order other than specified in the COD marker
segments in the codestream.

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

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

where the| “greater than” sign, >, means that the greater overrides the lessor marker segment.

In the cas¢ where a POC marker segment is used, the progression of every packet in the codestream.(or for thaf tile of the
codestrean) 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

Length: Yariable depending on the number of different progressions.

CSpoc  REpoci Ppoct  CSpoc™ (REpoc” Ppoc™
V, V s

POC | Lpoc é 4 % %

4 / 2 /
RSpoc' LYEpoc' CEpoc' RSpbc" LYEpoc™ CEpoc”

Figure A-15 — Progression.order change tile syntax

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

Lpoc: Length of marker segment in\bytes (not including the marker). The value of this pafameter is
determined by the following €quation:

2 4~ humber_progression_order_change Csiz <257

Lpoc = { A.6

2 +9 - number_progression_order_change Csiz § 257

where the aumber_progression_order_changes is encoder defined.

RSpoc':Resolution level index (inclusive) for the start of a progression. One value for each progression change
in thistile or tile-part. The number of progression changes can be derived from the length of the marker
segment.

CSpoci:Component index (inclusive) for the start of a progression. The components are indexed O} 1, 2, etc.
(Either 8 or 16 bits depending on Csiz value.) One value for each progression change in this file or tile-
part. The number of progression changes can be derived from the length of the marker segment.

LYEpoci:Layer index (exclusive) for the end of a progression. The layer index always starts at zero for every
progression. Packets that have already been included in the codestream are not included again. 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.

REpoci:Resolution Level index (exclusive) for the end of a progression. 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.
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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.) 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.

Ppoci: Progression order. 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 0xFF5F
Lpoc 16 9 — 65535
RSpoc! 8 0—33
: 8 0 — 255; if Csiz < 257
CSpoc 16 0 — 16 383; Csiz(S 257
LYEpoc! 16 0 —(65534
REpoc! 8 RSpoc' — 33
; 8 GSpoc! — 255; if Csiz < 257
CEpOC 16 i .
CSpoc’ — 16 383; Csiz 2257
Ppoc’ 8 Table A-16
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A7

Pointer marker segments

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

describes

the length of the packets.

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

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

always a

The PLM
segments
codestrea

A7.1

Function
of the SO
in the TLI

Usage: M
header.

Length: \

yte length. Figure A-16 shows the length of a tile-part.

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

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

Tile-part marker
segments

SOT SOD Bit stream

Figure A-16 — Tile-part lengths

Tile-part lengths (TLM)
Describes the length of every tile-part in the codestream."Each tile-part’s length is measured from th
[ marker segment to the end of the bit stream data of.that tile-part. The value of each individual tile-|

M marker segment is the same as the value in the corresponding Psot in the SOT marker segment.

ain header. Optional use in the main header'only. There may be multiple TLM marker segments i

fariable depending on the number of.tile-parts in the codestream.

Ztim  Ttm' Ptim'  Ttm" Ptm"

TLM | Ltlm %% %%

Stlm

Figure A-17 — Tile-part length syntax

TLM:Marker code. Table A-33 shows the size and values of the symbol and parameters for the tile-
marker segment.

T marker
ket in the

e first byte
bart length

) the main

part length

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

determined by the following equation:

4 + 2 - number_of_tile-parts_in_marker_segment ST=0 AND SP=0
4 + 3 - number_of_tile-parts_in_marker_segment ST=1 AND SP=0
4 + 4 - number_of_tile-parts_in_marker_segment ST=2 AND SP=0
4 + 4 - number_of_tile-parts_in_marker_segment ST=0 AND SP=1

Ltlm =

4 + 5 - number_of_tile-parts_in_marker_segment ST=1 AND SP=1
4 + 6 - number_of_tile-parts_in_marker_segment ST=2 AND SP=1

AT
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where number_of _tile-parts_in_marker_segment is the number of tile-part lengths that are denoted in
this marker segment; ST and SP are signaled by Stlm parameter.

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

The sequence of (Ttlm', Ptim’) 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.

Ttlm': Tile index of the ith tile-part. Either none or one value for every tile-part. The number of tile-parts in

Table A-33 — Tile-part length parameter values

VNS | ba daxivad £ +hi 1 PRV + tad-lictafall I 1 f
cachtre-eatroe-aerrvea o titSmarer-segment(ortne-cofcateratearstoram—Suematrcetys ) or Irom

a non-zero TNsot parameter, if present.

Ptim': Length, in bytes, from the beginning of the SOT marker of the ith tile-part to the end)of the pit stream
data for that tile-part. One value for every tile-part.

Parameter Size (bits) Values
TLM 16 0xEFS5
Ltlm 16 6°==65 535
Ztlm 8 0—255
Stlm 8 Table A-34
Ttlm' 0if ST=0 tiles in order

8if.ST =1 0—254
16Nf ST =2 0— 65534
; 16ifSP=0 13 — 65 535
Ptlm 32ifSP =1 13 — (2321)

Table A-34 — Size parameters for Stim

Values (bifk) Parameter size
MSB ~\LSB
ST = 0; Ttlm parameter is O bits, only one tile-part per tile and the
xx00 xxXX . .. . .. ..
tiles are in index order without omission or repetition

xx01 xxxx ST = 1; Ttlm parameter 8 bits

XX1TU XXXX O I =27 1TUIl parameter 10 Di[b

x0XX XXXX SP = 0; Ptlm parameter 16 bits

X1XX XXXX SP = 1; Ptlm parameter 32 bits

All other values reserved
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A.7.2

Packet length, main header (PLM)

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

Usage: Main header. There may be multiple PLM marker segments. Both the PLM and PLT marker segments are
optional and can be used together or separately.

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

46

NOTE

tile-paft to 255, or less. This is not arestriction on the number of packets that can be in a tile-part. It is merely a limit on

segmer

Zpim IpimY  Iplm™ Iplm¥  Iplm™™

7/ Z 7/ 7/ ///l

= L O
Nplm' Nplm"

Figure A-18 — Packets length, main header syntax

PLM: Marker code. Table A-35 shows the size and values of the symbol and patameters for the pac
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 currg

The sequence of (Nplmi, Iphni) parameters from this marker segment is concatenated, i
increasing Zplm, with the sequences of parameters from-other marker segments. The kth e
resulting list contains the number of bytes and packeftheader pair for the kth tile-part appea|
codestream.

Every marker segment in this series shall end*with a completed packet header length. Ho
series of Iplm parameters described by the Nplm does not have to be complete in a giv
segment. Therefore, it is possible thatthe next PLM marker segment will not have a Nplm
after Zplm, but the continuation of the Iplm series from the last PLM marker segment.

Nplmi:Number of bytes of Iplm information for the ith tile-part in the order found in the codest
value for each tile-part. If a'cddestream contains one, or more, tile-parts exceeding the lim)|
PLM markers, these markers shall not be used.

— This value is expressed with an 8 bit number limiting the number of Iplm bytes to 255 and the number of j
t’s ability to describe theypaekets in a tile-part.

Iplmij: Length of the jth packet in the ith tile-part. If packet headers are stored with the packet
includes the packet header. If packet headers are stored in PPM or PPT this length does not i
packet-header length. One range of values for each tile-part. One value for each packet in the

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

ket length,

nt header.

h order of
htry in the
ring in the

wever, the
en marker
parameter

eam. One
itations of

ackets in a
this marker

his length
clude the
tile.

Parameter Size (bits) Values
PLM 16 0xFF57
Lplm 16 4—65535
Zplm 8 0—255
Nplm! 8 0 —255
Iplm1 variable Table A-36
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Table A-36 — Iplm, Iplt list of packet lengths

Parameters . . .
(in order) Size (bits) Values Meaning of Iplm or Iplt values
8 bits 0XXX XXXX Last 7 bits of packet length, terminate number®
Packet length repeated as Ixxx xxxx Continue reading
necessary x000 0000 — 7 bits of packet length
x111 1111
a. These-are-thetast7Fbits-that-make-tp-the-packetiensth-

b. These are not the last 7 bits that make up the packet length. Instead, these 7 bits are a portion of those that make
t length. The packet length has been broken into 7 bit segments which are sent in order from the most significar
ment [to the least significant segment. Furthermore, the bits in the most significant segment are right justified to th
boundary. For example, a packet length of 128 is signalled as 1000 0001 0000 0000, while a length of 512 is signal

packd

1000 P100 0000 0000.

ip the
t seg-
b byte
led as
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A.7.3 Packet length, tile-part header (PLT)
Function: 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 optional and can be used together or separately. Shall appear in any tile-part header before the packets whose lengths

are described herein.

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

PLT | Lplt % %

Ipld Iplt"
Figure A-19 — Packet length, tile-part header syntax

PLT: Marker code. Table A-37 shows the size and values of the symbol and pardmeters 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 currgnt header.

The sequence of (Iplti) parameters from this marker segment is concatenated, in 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.

Iplmi: 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 PPIMUor PPT this length does not include the packet header
length.

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

Parameter Size (bits) Values
PLT 16 OxFF58
Lplt 16 4 — 65535
Zplt 8 0—255
Iplt! variable Table A-36
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Packed packet headers, main header (PPM)

Function: 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. May be used in the main header for all tile-parts unless a PPT marker segment is used in the tile-
part header.

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

If there i
distribute
and the ¢
header be|
There ma

Length: \

b no PPM marker segment then the packet headers can be distributed either in PPT marker (Se

| in the codestream as defined in Annex B.10. The packet headers shall not be in both a PPTmarke
destream for the same tile. If the packet headers are in PPT marker segments, they shall appear in

fore the corresponding packet data appears (i.e. in the same tile-part header or one with a lower TP
be multiple PPT marker segments in a tile-part header.

(ariable depending on the number of packets in each tile-part and the size of the paeket headers.
Nppm! Nppm"
v RN
PPM |Lppm 7 / / 7
/ / / /
Zppm IppmY  Ippm'™ Ippm¥  Ippm™™

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 pack
headers, main header marker segment.

Lppm:Length of marker segment in bytes, notdneluding the marker.

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

The sequence of (Nppmi, Ippmi) parameters from this marker segment is concatenated, if
increasing Zppm, with the sequences of parameters from other marker segments. The kth er
resulting list contains the(number of bytes and packet headers for the kth tile-part appear
codestream.

Every marker segment in this series shall end with a completed packet header. However, th
Ippm parametersidescribed by the Nppm does not have to be complete in a given marker]
Therefore, it 15 possible that the next PPM marker segment will not have a Nppm paran
Zppm, but.the continuation of the Ippm series from the last PPM marker segment.

value for each tile-part (not tile).

Ippmij: Packet header for every packet in order in the tile-part. The contents are exactly the pacl

bments or
r segment
a tile-part
ot value).

red packet

in header.

W order of
\try in the
ing in the

b series of
segment.
weter after

Nppmi:Number of bytes of Ippm information for the ith tile-part in the order found in the codestjeam. One

tet header

which would have been distributed in the bit stream as described in Annex 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— 65535
Zppm 8 0—255
Nppr 32 —12">=1
Ippmij variable packet headers
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Packed packet headers, tile-part header (PPT)

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

| SO/IEC 15444-1:2000(E)

Usage: Tile-part headers. Shall appear in any tile-part header before the packets whose headers are described herein.

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

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

distribute

and the ¢
header be|
There ma

Length: \

Zppt

PPT

Lppt %

%

packet header information.

Ippti

Ippt"

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

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

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

in the codestream as defined in Annex B 10_The pﬂ(‘kf‘f headers shall not be in both a PPT marker segment
destream for the same tile. If the packet headers are in PPT marker segments, they shall appear(in a tile-part
fore the corresponding packet data appears (i.e. in the same tile-part header or one with a lowetTP§ot value).
be multiple PPT marker segments in a tile-part header.

(ariable depending on the number of packets in each tile-part and the compression of the packet headprs.

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

Zppt: Index of this marker segment relative to~dll other PPT marker segments present in the currgnt header.

The sequence of (Ippti) parameters from this marker segment is concatenated, in order of Increasing
Zppt, with the sequences of parameters from other marker segments. Every marker segm¢nt in this
series shall end with a completed packet header.

Ippti: Packet header for every\packet in order in the tile-part. The component index, layer, and fesolution
level are determined~from the method of progression or POC marker segments. The coptents are
exactly the packet header which would have been distributed in the bit stream as described Apnex B.10

Parameter Size (bits) Values
PPT 16 0xFF61
Lppt 16 4 — 65535
Zppt 8 0—255
Ippti variable packet headers

© ISO/IEC 2000 — All rights reserved
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A8

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

Function

Start of packet (SOP)

: Marks the beginning of a packet within a codestream.

Usage: Optional. May be used in the bit stream in front of every packet. Shall only be used if indicated in the proper COD

marker se
immediat;

If SOP m|
given tile
the SOP 11
a PPM o
immediat

Length: K

ogment (see Annex A.6.1). If PPM or PPT marker segments are used then the SOP marker segment may appear

ply before the packet data in the bit stream.

part may or may not be prepended with an SOP marker segment (see Annex A.8.1). However, whe
harker segment is used, the count in the Nsop is incremented for each packet. If the packet’headers arg
- PPT marker segments (see Annex A.7.4 and Annex A.7.5), then the SOP marker segments m
bly before the packet body in the tile-part compressed image data portion.

ixed.

SOP | Lsop | Nsop

Figure A-22 — Start of packet syntax

SOP: Marker code. Table A-40 shows the size and yalues of the symbol and parameters for starf
marker segment.

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

Nsop: Packet sequence number. The first packet in a coded tile is assigned the value zero. For every
packet in this coded tile this numbgs is incremented by one. When the maximum number is rg
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— 65535

nrker segments are allowed (by signalling in the COD marker segment, see Annex A.6.1), €ach padket in any

her or not
moved to

ay appear

of packet

successive
ached, the
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A.8.2 End of packet header (EPH)

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

Usage: Optionally used in the bit stream or in the PPM or PPT marker segments. Shall only be used if indicated in the
proper COD marker segment (see Annex A.6.1). Appears immediately after a packet header.

If EPH markers are allowed (by signalling in the COD marker segment, see Annex A.6.1), each packet header in any
given tile-pm‘f mav or mavy not be pnqtpended with an EPH marker segment (see Annex A 8 1) If the pﬂr‘ket headers are
moved toja PPM or PPT marker segments (see Annex A.7.4 and Annex A.7.5), then the EPH markers may agjpear after
the packet headers in the PPM or PPT marker segments.

Length: Kixed.
EPH: Marker code

Table A-41 — End of packet header parameter values

Parameter Size (bits) Values

EPH 16 O0xFF92
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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).

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

Annex A

“center o
decoding

NOTE

5 1) However this mav be inﬂpprnpriate for rPndering the imngP The CRG marker segment de

mass” of each component’s samples with respect to the separation. This marker segment has(h
the codestream.

scribes the
effect on

— This component registration offset is with respect to the image offset (XOsiz and YOsiz) and the, comiponen separation

(XRsi4' and YRsizi). For example, the horizontal reference grid point for the left most samplés of comppnent c is

XRsiz
to this

ffset.

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

Length: Yariable depending on the number of components.

Xerg! Xerg"

\
CRG | Lerg Q

Yérg! Yerg"

Figure A-23 — Component registration syntax

registration marker segment.

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

Xcrgi: Value of the horizontal offset, in units of 1/65 536 of the horizontal separation XRsizi,
component. Thus, * values range from 0/65536 (sample occupies its reference grid

every cemponent.

Ycrgi: Valti¢ of the vertical offset, in units of 1/65 536 of the vertical separation YRSiZi, for the ith ¢

(X Osiz/ XRsizq . (Likewise for the vertical direction.) The horizontal offset denoted in this marker segment i in addition

CRG: Marker code. Table A-42 shows the size and values of the symbol and parameters for the Jomponent

for the ith
point) to

XRsiz®(65,585)65 536) (just before the next sample’s reference grid point). This value is repeated for

bmponent.

Thus, values range from 0/65 536 (sample occupies its reference grid point) to YRsiz“(65 535/65 536)
(just before the next sample’s reference grid point). This value is repeated for every compongnt.

© ISO/IEC 2000 — All rights reserved


https://iecnorm.com/api/?name=4b21e51baf0cea32a2e1ff5f39391bcf

Table A-42 — Component registration parameter values

| SO/IEC 15444-1:2000(E)

Parameter Size (bits) Values
CRG 16 0xFF63
Lerg 16 6 — 65534
Xerg! 16 0 — 65 535
Yeorg 6 U—65535

© ISO/IEC 2000 — All rights reserved
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A9.2 Comment (COM)
Function: Allows unstructured data in the main and tile-part header.

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

Length: Variable depending on the length of the message.

Ccom'
1
COM |Lcom|Rcom u
Ccom"

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.

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

Rcom:Registration value of the marker segment.

Ccomi:Byte of unstructured data.

Table A-43 — Comment parameter values

Parameter Size (bits) Values
COM 16 0xFF64
Lcom 16 5— 65535
Rcom 16 Table A-44
Ceom! 8 0— 255

Table'A-44 — Registration values for the Rcom parameter

Values Registration values
0 General use (binary values)
1 General use (IS 8859-15:1999 (Latin) values)

All other values reserved
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Annex B

Image and compressed image data ordering
(This Annex forms a normative and 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,
subbands[and their divisions.

B.1 Introduction to image data structure concepts

The refer¢nce grid provides a mechanism for co-registering components and for defining subsets,0f the referpnce grid,
e.g. the inhage area and tiles.

The components consist of a two dimensional arrays of samples. Each component, ¢, has parameters XRsiz®, YRsiz® (see
Annex A.p.1) which define the mapping between component samples and the refefence grid points. Every cpmponent
sample if associated with a reference grid point (though not vice versa). Thi$ ‘mapping induces a regigtration of
componeijts with each other used for coding only.

Each component is divided into tiles corresponding to the tiling of the reférence grid. These tile-components [are coded
independgntly. Each tile-component is wavelet transformed into sev€ral decomposition levels which are frelated to
resolution| levels (see Annex F). Each resolution level consists of\either the HL, LH, and HH subbands |[from one
decompodition level or the N; LL subband. Thus, there is one mére resolution level than there are decompositiqn levels.

Each subband has its own origin. The subband boundary conditions are unique for each HL, LH, and HH subbpnd.
NOTE|— This convention differs from the usual wavelet\diagrams which place all subbands for a component in a single space

Precincts |and code-blocks are defined at the reselution level and subband. Consequently they can vary |over tile-
componeijts. Precincts are defined so that code~blocks fit neatly, i.e., they “line up” with each other.

In the acfompanying figures, boundariesand coordinate axes are shown. In each case, the samples or cpefficients
coinciden} with the left and upper boundaries are included in a given region, while samples or coefficients along the right
and/or loyer boundaries are not included in that region.

Also, in the accompanying fermulae, many of the variables have values that can change as a function of compdgnent, tile,
or resolutjon level. These, values may change explicitly (through syntax described in Annex A) or implicitly (through
propagatipn). For convenience of notation, some dependencies are suppressed in the discussion that follows.

B.2 Component mapping to the reference grid

All comppnents (and many other structures in this Annex) are defined with respect to the reference grid. Tle various
parameters defining the reference grid appear in Figure B-1. The reference grid is a rectangular grid of points with the
indices from (0, 0) to (Xsiz-1, Ysiz-1). An “image area” is defined on the reference grid by the dimensional parameters,
(Xsiz, Ysiz) and (XOsiz, YOsiz). Specifically, the image area on the reference grid is defined by its upper left hand
reference grid point at location (XOsiz, YOsiz), and its lower right hand reference grid point at location (Xsiz-1, Ysiz-1).

The samples of component ¢ are at integer multiples of (XRsiz®, YRsiz®) on the reference grid. Each component domain
is a sub-sampled version of the reference grid with the (0, 0) coordinate as common point for each component. Row

samples are located reference grid points that are at integer multiples of XRsiz® and column samples are located

reference grid points that are at integer multiples of YRsizC. Only those samples which fall within the image area actually
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Xsiz

\\\\W (Xsiz-1, 0)

. The rows in the figure correspond to boundary
(XOsiz, " id poi The i includ
YOsiz) reference grid points. The image area includes

reference grid points at locations (XOsiz,
YQsiz) and (Xsiz-1 Ysiz-1) as well as all

Image area reference grid points in between.

YOsiz

a

Y3siz

(Xsiz-1, Ysiz-1)

(0, Ysiz-1)
Figure B-1 — Reference grid diagram

belong to| the image component. Thus, the samples of component ¢ are mdppéd to rectangle having uppey left hand
sample with coordinates (x, yy) and lower right hand sample with coordindtes*(x;-1, y;-1), where

Xy = (XOSI’ZJ X, = ( Xsizcl Vo = lVYOSiZC“ v, = ( Ysizcw B.1
XRsiz XRsiz YRsiz YRsiz

Thus, the [dimensions of component ¢ are given by

(width, height) = (x| —xp, ¥, — Vo) B.2

The parateters, Xsiz, Ysiz, XOsiz, YOsiz, XRsiz® and YRsiz® are all defined in the SIZ marker segment ($ee Annex
AS5.).

NOTE|— The fact that all components'share the image offset (XOsiz, YOsiz) and size (Xsiz, Ysiz) induces a registrition of the
compohents.

NOTE}— Figure B-2 shows an.example of three components mapped to the reference grid. Figure B-3 shows the imag area from
a parti¢ular image offset with different (XRsiz, YRsiz) values. The upper left sample coordinate, in the image compon¢nt domain,
that is Included in the image area is also illustrated.

B.3 Image areadivision into tiles and tile-components

The refer¢gnce grid is partitioned into a regular sized rectangular array of tiles. The tile size and tiling offset afe defined,
on the refprénce grid, by dimensional pairs (XTsiz, YTsiz) and (XTOsiz, YTOsiz), respectively. These are all [rarameters

1z 1 P A A S 1\
from the $¥Zmarker segment (SsCeAMEX 7o 1)°

Every tile is XTsiz reference grid points wide and YTsiz reference grid points high. The top left corner of the first tile (tile
0) is offset from the top left corner of the reference grid by (XTOsiz, YTOsiz). The tiles are numbered in raster order. This
is the tile index in the Isot parameter from the SOT marker segment in Annex A.4.2. Thus, the first tile’s upper left
coordinates relative to the reference grid are (XTOsiz, YTOsiz). Figure B-4 shows this relationship.

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

0<XTOsiz < XOsiz 0<YTOsiz<YOsiz B.3
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0,0) ’Reference grid

—+ + ll—i l—i i—i Li_ (XRsiz, YRsiz) = (1,1) — @

—o— X & X 9— @ q— )(—@ )|(— (XRsiz,YRsiz)=(2,2)—><
—+— f —Jl'— *l —Jl‘— il —3|— il _$|_ 4|— (XRsiz, YRsiz) = (32— ()
2+ X @O XX+ X@®X
—o— 6 —6— 6 -6 66 66 6-

Figphire B-2 — Component sample locations on the reference grid for different XRsiz and YRsiz values

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

XTsiz + XTOsiz > XOsiz YTsiz + YTOsiz > YOsiz B.4

The number of tiles in the X direction (numXtiles) and the Y direction (numYtiles)'is the following:

numXtiles = (XS’Z_—XTOS’Z-‘ numYtiles = {YSIZ_—YTOS’Z-‘ B.5
XTsiz YTsiz

For the pyrposes of this description, it is useful to have tiles indexéd'in terms of horizontal and vertical position. Let p be

the horizagntal index of a tile, ranging from 0 to numXtiles -1,;and g be the vertical index of a tile, ranging [from O to
numYtiles| -1, determined from the tile index as follows:

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

where ¢ is|the index of the tile in Figure B-4.
The coordinates of a particular tile on the teference grid are described by the following equation:

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

tyo(p,q) = max(YTOsiz +q - YTsiz, YOsiz) B.8

Reference grid

©,9)
M@*’ Image area, (XOsiz, YOsiz) = (3, D

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

(x0: %) = (M M) =21

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

(xg:%0) = (m ED = (1L 1)

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

~
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tx1(p,q) = min(XTOsiz+ (p + 1) - XTsiz, Xsiz)

ty1(p,q) = min(YTOsiz+(q +1) - YTsiz, Ysiz)

B.9

B.10

where tx,(p, g) and ty,(p, q) are the coordinates of the upper left corner of the tile, tx;(p, g) - 1 and ty;(p, q) - 1 are the
coordinates of the lower right corner of the tile. We will often drop the tile’s coordinates in referring to a specific tile and
refer to the coordinates (1x, tyy) and (tx;, ty;).

Thus the dimensions of a tile in the reference grid are

Within th
coordinat

so that thg

B4

The follo
induced b
an origing
of the im4
from the ¢
that will b

(tx) = txg,ty — tyg)

e domain of image component i, the coordinates of the upper left hand sample are given by.(fcx, fc)
s of the lower right hand sample are given by (tcx;-1, tcy;-1), where

1. t t A
texy = Yo tex, = | 20 tey, = Yo tey, = p 221
XRsiz' XRsiz' YRsiZ' YRsiz'

dimensions of the tile-component are

(tex) —texgstey, —tcyg)

Example of the mapping of components to the reference grid (informative)

ving example is included to illustrate the mapping eflimage components to the reference grid an
y tiling across components with different sub-sampling factors. The example assumes an applicatio
| image with aspect ratio 16:9 is to be compressed-with this Recommendation | International Standar
lge size, image offset, tile size, and tile offset,are used such that an image with aspect ratio 4:3 can 1
enter of the original image. Figure B-5 shows the reference grid and image areas along with the tilin
e imposed in this example.

B.11

o) and the

B.12

B.13

d the area
h in which
. Choices
e cropped
b structure

60

XTOsiz XTsiz

L e

g I \i\\\\\{ \\\Q\\\\\ N

= \\\\

i

(XTOsiz, TO | TI1 T2 T3 T4 4 Tileindex
YTQsiz) T number

E’ T5 | T6 T7 T8 T9

~y

T10| T11 T12 T13 T14

RN

i

T15| T16 T17 T18 T19

Figure B-4 — Tiling of the reference grid diagram
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1432

954

720

297

\/
- 396
s\\gso

All coordinates ﬁgure,s\(e@h the component domain.

Figure B-5 —-&keference grid example
N

Let the reference grid size (Xsiz, Ysiz) be, (1432, 954). In this example, the image will contain two cqmponents

(compongnt indices will be represented by'i-= 0, 1). The sub-sampling factors XRsiz' and YRsiz' of the two cgmponents

with respg¢ct to the reference grid wi Be XRsiz® = YRsiz’ = 1 and XRsiz! = YRsiz! = 2. The image offset i$ set to be
(XOsiz, YOsiz) = (152, 234). Given these parameters, the sizes of the two image components can be determjined from
Equation B.1. The upper left co of component 0 is found at ([ 152/11,[234/11) = (152, 234). The lower righ{ corner of
componeit 0 is found at (. @ 1]-1,[954/1]-1) = (1 431, 953). The actual size of component 0O is therefpre 1 280
samples ifi width by 720 a(i\bles in height. The upper left corner of component 1 is found at ([ 152/21, [234R1) = (76,
117), while the lower right corner of that component is found at ( 1432/21-1,[954/21) = (715, 476). The actjal size of
componeijt 1 is the e 640 samples in width by 360 samples in height.

The tiles gre ¢ cﬁ to have an aspect ratio of 4:3. In this example, (XTsiz, YTsiz) will be set to (396, 297) apd the tile
offsets (XITOsiz, YTOsiz) will be set to (0, 0). The number of tiles in the x and y directions are then determjined from
Equation E mXtite 432139 TTYtite 954129 4 —Thetited 1 C therefore
contain a total of # = 16 tiles, with tile grid indices p and ¢ in the range 0 < p, ¢ < 4. It is now possible to compute the
locations of the tiles in each image component. To do so, the values of x, £x;, ty,, and ty; are determined from Equation
B.7, Equation B.8, Equation B.9, and Equation B.10. Since p and g share the same set of admissible values, the notation
‘0:3” will be used to refer to the sequence of values {0, 1, 2, 3}, and the notation ‘*’ will be used to denote that the result
is valid for all admissible values. The values of tx, are found as 1x,(0:3, *) = {152, 396, 792, 1 188}, and the values of zx;
are given by x;(0:3, *) = {396, 792, 1 188, 1 432}. The values of ty, are ty,(*, 0:3) = {234, 297, 594, 891}, and the
values of ty; are ty;(*, 0:3) = {297, 594, 891, 954}.

TT] — 6 T=—24—T1T1 =195 , = cd a9 O PDOTIC W
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0,0

(143
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(143

|
|

396x297, 396x297
B
S

(143

With the

componet
while the
figures (ti
these tileg
(XRsiz?,
2). Noticd
This illus
combinati

With thes
desired in|
reference
values of

(152, 954) (396, 954) (792, 9 (1188, 954) (143

Tiling for component 0. All coordinates in th'ﬁ\fgure are in the component domain.

O
Figure B-6 — Example tile siz%s:}nd locations for component 0
o)
yalues of 1xy, x;, 1y, and zy; now known locations and sizes of all tiles can be determined for g

its. To do so, Equation B.12 is used. The&‘e evant locations and sizes for component O are shown in H
same information is provided for ¢ onent 1 in Figure B-7. Of particular interest are the ‘interior’
es(1,1),(1,2),(2,1),and (2,2 hese tiles are not limited in extent by the image area. In compone
are the same size. This re@i@/.‘is a result of the fact that the sub-sampling factors for this com
‘ RsizO) = (1, 1). However, inrComponent 1, these tiles are not all the same size because (XRsizl, YR
that tiles (1, 1) and (Q} are both of size 198 by 148, while tiles (1, 2) and (2, 2) are both of size 1
rates that the numb@o samples in the interior tiles of a component can vary depending upon the
on of tile size a&&émponent sub-sampling factors.

e choices rence grid, image offset, tile size, and tile offset, the coded image can be cropped dirg
ferior re . The four interior tiles from each component can be retained and will represent a croppe
erid (792, 594). When such a cropping is performed, it will not be necessary to recode the til

S of the reference grid parameters must change. The image offsets must be set to the coordin.
ot (N O ez VO ez (206 207N 1N N O izl N O ez £ 1]

2,234)

2,297)

2, 594)

2, 891)
2, 954)

ach of the
igure B-6,
iles in the
nt 0, all of
pbonent are
siz) = (2,
D8 by 149.
particular

ctly to the
1 image of
Es, but the
htes of the

cropping

41 £ AY tha 1 flent
OCatronS; SO Iat (Zx O SIZ2— T OSITZ— = (O 70, 77 ) whHCIC-Zy I SIZ2— YO STIZ— ) arC e Ta g COTISCts O tr

e cropped

image. Similarly, the image size must be adjusted to reflect the cropped size (Xsiz’, Ysiz’) = (1 188, 891) where (Xsiz’,
Ysiz’) are the sizes of the cropped reference grid. Finally, the tile offsets are no longer zero and instead must be set to
(XTOsiz’, YTOsiz’) = (396, 297) where (XTOsiz’, YTOsiz’) are the tile offsets of the cropped reference grid.

B.S

Transformed tile-component division into resolution levels and subbands

Each tile-component is wavelet transformed with N; decomposition levels as explained in Annex F. Thus, there are N;+1

distinct resolution levels, denoted r = 0,1,...,Ny. The lowest resolution level, » = 0, is represented by the N;LL band. In

62
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0.0

(716, 117)

(716, 149)

(716, 297)

I
I

198149, 19 @)
| ®§/
O

(716}, 446)
(716, 477)

(76, 477) (198, 477) (396, ‘h (594, 477)

Tiling for component 1. All coordinates is @ggure are in the component domain.

Figure B-7 — Example tile siz%ga\?d locations for component 1
NS

general, ajreduced resolution version of a tile-con}@t with resolution level, r, is the subband nLLL, where ## = N - r.

This sectipn describes the dimensions of this reduged resolution.

O

The given tile’s coordinates with respect t@ reference grid at a particular resolution level, r, yielding uppet left hand
sample cdordinates, (trx, tryg) and loCW;Qg:?ght hand sample coordinates, (trx;-1, try;-1), where

tex, N tc tex fc
trxy = ’V@ try, = ’V Ny—Or“ trx; = ’V - _lr“ try, = ’V Ny—lr B.14
b 2 2" 2"

In a similpr manner, @’coordinates may be mapped into any particular subband, b, yielding upper left hapnd sample
coordinatgs (tbx, t and lower right hand sample coordinates (tbx;-1, thy;-1) where

R\
&

_ (M-, _ (oM.
tbe _ {tcxo 2 xob)-‘ tbyo _ {tcyo 2 yob)-‘

ny ny

I Z I I Z I B.15
—(2"=1. —(2M=1. ’
by, = texy—(2 xo0p) thy, = tey;— (2 yoy)
2" 2"

where ny, is the decomposition level associated with subband b, as discussed in Annex F, and the quantities (xo, yo,,) are
given by the Table B-1.

NOTE — Each of the subband is different as mentioned in Annex B.1.

For each subband, these coordinates define tile boundaries in distinct subband domains. Furthermore, the width of each
subband within its domain (at the current decomposition level) is given by tbx;-tbx,, and the height is given by tby;-tby,.
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Table B-1 — Quantities (xo0y,yoy,) for subband b

Subband X0y, Yoy
npHL (horizontally high-pass) 1 0
npLH (vertically high-pass) 0 1
2PPx
0,0
0.0,
(trxg,tryg)
—~
i
&
N KO K1 K2 K3
K4 K5 K6 K7
K8 K9 K10 | K11
f/ (trxy-1, try;-1)
Figure B-8 — Précincts of one reduced resolution
B.6 Division of resolution levels into precincts

Consider p particular tile-component @and resolution level whose bounding sample coordinates in the reduced |resolution
image dofnain are (trxy, tryy) and (trx;-1, try;-1), as already described. Figure B-8 shows the partitioning of this tile-
componeit resolution level inge.precincts.The precinct is anchored at location (0, 0), so that the upper left hand corner of
any given| precinct in the partition is located at integer multiples of (2PPx 2PPY) where PPx and PPy are signalled in the
COD or £OC marker segments (see Annex A.6.1 and Annex A.6.2). PPx and PPy may be different for|each tile-

componeipt and resolttion level. PPx and PPy must be at least 1 for all resolution levels except r = O where they are
allowed t¢ be zero,

The number6f precincts which span the tile-component at resolution level, r, is given by

numprecinctswide = s O P ) numprecintshigh = LT I ) B.16
2PP)c 2PP)c 2PPy 2PPy

The precinct index runs from 0 to numprecincts - 1 where numprecincts = numprecinctswide * numprecinctshigh in raster
order (see Figure B-8). This index is used in determining the order of appearance, in the codestream, of packets
corresponding to each precinct, as explained in Annex B.12.

It can happen that a precinct is empty, meaning that no subband 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

64 © I1SO/IEC 2000 — All rights reserved


https://iecnorm.com/api/?name=4b21e51baf0cea32a2e1ff5f39391bcf

| SO/IEC 15444-1:2000(E)

to the reference grid. When this happens every packet corresponding to that precinct must still appear in the codestream
(see Annex B.9).

B.7 Division of the subbands into code-blocks

The subbands are partitioned into rectangular code-blocks for the purpose of coefficient modeling and coding. The size
of each code-block is determined from two parameters, xcb and ycb, which are signalled in the COD or COC marker
segments (see Annex A.6.1 and Annex A.6.2). The code-block size is the same from all resolution levels. However, at
each resolution level, the code-block size is bounded by the precinct size. The code-block size for each subband at a

particular resolution level is determined as 2%¢0" 1y Db \where

ceb = (min(xcb, PPx—1),forr>0 B.17
min(xch, PPx), forr = 0
and
yeb' = (min(ycb, PPy—1),forr>0 B.I8
min(ych, PPy), forr = 0

These eqyations reflect the fact that the code-block size is constrained both by the\precinct size and the code-hlock size,
whose pafameters, xcb and ycb, are identical for all subbands in the tile-comperient. Like the precinct, the cpde-block
partition is anchored at (0, 0), as illustrated in Figure B-9. Thus, all first roWs of code-blocks in the code-block partition
Yeb” and all first columns of code-blocks are located,at™x = n2°?’

are locatefl at y = m2 , where m and n are integgrs.

NOTE}|— Code-blocks in the partition may extend beyond the boundaries.ef the subband coefficients. When this happens, only the
coefficlents lying within the subband are coded using the method described in Annex D. The first stripe coded using this method
corresponds to the first four rows of subband coefficients in the code*block or as many of such rows as are present.

B.8 Layers

The compressed image data of each code-block is.distributed across one or more layers in the codestream. KEach layer
consists of some number of consecutive bit-plane coding passes from each code-block in the tile, including allf subbands
of all conpponents for that tile. The number, of-coding passes in the layer may vary from code-block to code-plock and
may be ap little as zero for any or all code-blocks. The number of layers for the tile is signaled in the COD marker
segment (kee Annex A.6.1).

For a givgn code-block, the firsticoding pass, if any, in layer n is the coding pass immediately following the last coding
pass for the code-block in layer n-1, if any.

NOTE}— Each layer suceessively and monotonically improves the image quality.

Layers ar¢ indexedfrom O to L-1, where L is the number of layers in each tile-component.

NOTE}|— Figute B-10 shows an example of nine precincts of resolution level m. Table B-2 shows the layer formation.

The basiclbuilding blocks of layers are packets. Packets are created from the code-block compressed image dath from the
precincts of different resolution levels (for a given tile-component).

B.9 Packets

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

As defined in Annex F.3.1, resolution level r = 0 contains the subband coefficients from the N;LL band, where Ny is the
number of decomposition levels. Each subsequent resolution level, » > 0, contains the subband coefficients from the nHL,
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Figure B-9 — Code-blocks and precincts in subband b from four different tiles

nLH, andnHH subbands, as defined.in*Annex F, where n = N;-r+1. There are N;+1 resolution levels for a tile-qomponent
with Ny decomposition levels.

Table B-2 — Example of layer formation (only one component shown)

Resolufion 0 m N
Precingt Py0 Pyl P,0 Pl P8 Pni0 Pyl
Layer 0 Packet O | PacketO | .. ... | PacketO | PacketO | ... | PacketO | ... | PacketO | Packet O
Layer 1 Packet 1 | Packet 1 ... | Packet1 | Packet1 | ... | Packetl | ... | Packet1 | Packet 1

The compressed image data in a packet is ordered such that the contribution from the LL, HL, LH and HH subbands
appear in that order. This subband order is identical to the order defined in Annex F.3.1. Within each subband, the code-
block contributions appear in raster order, confined to the bounds established by the relevant precinct. Resolution level
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r =0 contpins only the N;LL band and resolution levels r > O contain only the HL) LH and HH bands. Only tk

blocks thd

NOTE
code-b|
signifid

Packet da
containing

constructing both the packet header and the packet body:

As descri
resolution
packets, i

NOTE
the corf

P.6|P,7 | P8 P.6 | P,7 | P8

Figure B-10 — Diagram of precincts of one resolution level of one component

t contain samples from the relevant subband, confined to the precinet;have any representation in the

— Figure B-11 shows the organization of code-blocks within a precinctthat form a packet. Table B-3 shows an
ock coding passes that form packets. In Table B-3 the variables\a, b, and c are code-block coding passes
ance propagation pass, b = magnitude refinement pass, and ¢ =/cléanup pass (see Annex D).

a is introduced by a packet header whose syntax is¢{described in Annex B.10 and is followed by a p4
b the actual code-bytes contributed by each of the@elevant code-blocks. The order defined above is f

bed in Annex B.6, it can happen that a;pfécinct contains no code-blocks from any of the subband
level. When this occurs, all packets-cotresponding to that precinct must appear in the codestream|
1 accordance with the packet header'described in Annex B.10.

— Even when a precinct contains.relévant code-blocks, an encoder might choose to include no coding passes wh
esponding packet at a given layer. In this case, an empty packet must still appear in the codestream.

ose code-
packet.

example of
where a =

cket body
llowed in

S at some
as empty

atsoever in

I I I
resolution level L i e e
m HL I I 0 I |
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Figure B-11 — Diagram of code-blocks within precincts at one resolution level

© ISO/IEC 2000 — All rights reserved

67


https://iecnorm.com/api/?name=4b21e51baf0cea32a2e1ff5f39391bcf

| SO/IEC 15444-1: 2000(E)

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
a 0 0 a 0

packet O
b 0 0 b 0
c ¢ 0 C 0
a a 0 a 0

b b 0 b 0 packet)|
c c c c ¢
a a a a a

etc.

LSB b b b b b
c c c c ¢

B.10 Packet header information coding

The packgts have headers with the following information:

— 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

Two itemp in the header are coded with a seheme called tag trees described below. The bits of the packet header are
packed info a whole number of bytes withthe bit stuffing routine described in Annex B.10.1.

The packgt 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 t¢ the main
header (sqe Annex 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 ir] that tile are relocated to tile-part headers (see Annex A.7.5).

B.10.1 |Bit stuffing routine

Bits are packed inte bytes from the MSB to the LSB. Once a complete byte is assembled, it is appended to the packet
header. If|the  valie of the byte is OxFF, the next byte includes an extra zero bit stuffed into the MSB. Once all |bits of the
packet headervhave been assembled, the last byte is packed to the byte boundary and emitted. The last byte in [the packet
header shall not be an OxFF value (thus the single zero bit stuffed after a byte with OxFF must be included even if the
O0xFF 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 successively
creates reduced resolution levels of this two-dimensional array, forming a tree. At every node of this tree the minimum
integer of the (up to four) nodes below it is recorded. Figure B-12 shows an example of this representation. The notation,
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 O is the lowest level of

the tag tree; it contains the top node.
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informati

NOTE
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node a} 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

q3(0,0
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B.10.3

The first

1 3 2 3 ) 3
45(0,0)a3(1,0)|45(2.0) | | )
2 2 1 4 3 2 42(0,0) q2(1,0)
2 2 2 2 1 2 2 2 1
a) original array of numbers, Ievel 3 ) minimum of four (or Iess) nodes, Ievel
1 1 1
q1(0,0) 4q0(0,0)
¢) minimum of four (or Iess) nodes, Ievel T d) minimum of four (or Iess)niodes, level

Figure B-12 — Example of a tag tree representation

ents of the array are traversed in raster order for coding. The coding is the answer to a series of questi
hn associated current value, which is initialized to zero (the mihimum). A O bit in the tag tree mear
(or the value in the case of the highest level) is larger thin the current value and a 1 bit mean
(or the value in the case of the highest level) is equal todthe*current value. For each contiguous 0 bit|
hrrent value is incremented by one. Nodes at higher levels cannot be coded until lower level node
L 1 bit is coded). The top node on level O (the lowest’level) is queried first. The next corresponding nod
ueried, and so on.

halted when sufficient information has been obtained. Also, the hierarchical nature of the tag trees
rs to many questions will have been formed when adjacent code-blocks and/or layers were cg
n is not coded again. Therefore,there is a causality to the information in packet headers.

— For example, in Figure B-12; the coding for the number at ¢3(0,0) would be 01111. The two bits, 01, imply
q(0,0) is greater than zero and'iS, in fact one. The third bit, 1, implies that the node at g;(0,0) is also one. The fi
that the node at g,(0,0)xis\also one. And the final bit, 1, implies that the target node at g3(0,0) is also one. To
de g3(1,0) the nodes.at gy(0,0), g;(0,0), and g,(0,0) are already known. Thus, the bits coded are 001, the zero s

and g3(1,0) asesknown, the code bits for g3(2,0) will be 101. The first 1 indicates g,(1,0) is one. The followi

s ¢3(2,0) s 2.°This process continues for the entire array in Figure B-12a.

Zero length packet

ons. Each
1s that the
s that the
in the tag
values are
e on level

decoding
heans that
ded. This

hat the top
urth bit, 1,
decode the
ys that the
. Now that
ng 01 then

1T 1N Th€ packet header denotes whnetner in€ packet nas a Iengin o Zero (€mptly packet). 1ne€ value U 1

dicates 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.

B.10.4

Code-block inclusion

Information concerning whether or not any compressed image data from each code-block is included in the packet is
signalled in one of two different ways depending upon whether or not the same code-block has already been included in
a previous packet (i.e. within a previous layer).
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For code-blocks that have been included in a previous packet, a single bit is used to represent the information, where a 1
means that the code-block is included in this layer and a O means that it is not.

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

B.10.5 | Zero bit-plane information

If a code-plock is included for the first time, the packet header contains information identifying the actual nuniber of bit-
planes used to represent coefficients from the code-block. The maximum number of bit-planes ‘available for the
representdtion of coefficients in any subband, b, is given by M), as defined in Equation E.2.\In"general, however, the

number of actual bit-planes for which coding passes are generated is M,-P, where the number '0f missing most pignificant

bit-planes, P, may vary from code-block to code-block; these missing bit-planes are all taken to be zero. The value of P is
coded in fthe packet header with a separate tag tree for every precinct, in the same manher as the code-blocK inclusion
informatign.

B.10.6 |Number of coding passes

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

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

Number of coding passes Codeword in packet header
1 0
2 10
3 1100
4 1101
5 1110
6— 1111 0000 0 —
36 11111110
37 — 1111 11111 0000 000 —
164 1111 11111 1111 111

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 Annex A.6.4, Annex 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 would have appeared
at the end of a code-block’s contribution to some packet, the 0XFF may be safely moved to the subsequent packet which
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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 OxFFs are always synthesized as necessary by the arithmetic coder
described in Annex C.

In signalling the number of bytes contributed by the code-block, there are two cases: the code-block contribution
contains a single codeword segment; or the code-block contribution contains multiple codeword segments. Multiple
codeword segments arise when a termination occurs between coding passes which are included in the packet, as shown in
Table D-8 and Table D-9.

B.10.7.1 Singlecodeword segmrermnt

A codewdrd segment is the number of bytes contributed to a packet by a code-block. The length of a codéword segment
is represepted by a binary number of length:

bits = Lblock + | log,(coding passes added) | B.19

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

The valuejof Lblock is initially set to three. The number of bytes contributed by each €ode-block is preceded by| signaling
bits that ipcrease the value of Lblock, as needed. A signaling bit of zero indicates(thge current value of Lblock is [sufficient.
If there afe k ones followed by a zero, the value of Lblock is incrementedby k. While Lblock can only indrease, the
number of bits used to signal the length of the code-block contribution can ificrease or decrease depending on the number
of coding|passes included.

NOTE|— For example, say that in successive layers a code-block has‘G/bytes, 31 bytes, 44 bytes, and 134 bytes r¢spectively.

Furthef assume that the number of coding passes is 1, 9, 2, and 5:The code for each would be 0 110 (0O delimits angl 110 = 6),
0011111 (O delimits, log, 9 = 3 bits for the 9 coding passes, 01LL'1'=31), 11 0 101100 (110 adds two bits to Lblock,|log, 2 =1,

10110( = 44), and 1 0 10000110 (10 adds one bit to Lblock, log, 5 =2, 10000110 = 134).

NOTE}— There is no requirement that the minimum number of bits be used to signal length (any number is valid).
B.10.7.2 | Multiple codeword segments

Let T be the set of indices of terminated coding passes included for the code-block in the packet as indicated in} Table D-
8 and Taljle D-9. If the index final coding pass included in the packet is not a member of 7, then it is added to 7. Let
n;<...<ng be the indices in 7. K lengths are signaled consecutively with each length using the mechanism described in
Annex B.[10.7.1. The first length is the number of bytes from the start of the code-block’s contribution in this| packet to
the end off coding pass n;. The-ntimber of added coding passes for the purposes of Equation B.19 is the numbey of passes
in the padket up through n¢. The second length is the number of bytes from the end of coding pass, n;, to the end of
coding pgss, ny. The number of added coding passes for the purposes of Equation B.19 is n2-nl. This prgcedure is
repeated for all K lengths.

NOTE|— Consider the selective arithmetic coding bypass (see Annex D.6). Say that the passes included in a packet [for a given
code-bjock arethe cleanup pass of bit-plane number 4 through the significance propagation pass of bit-plane number § (see Table
D-9). These’passes are indexed as {0, 1, 2, 3, 4} and the lengths are given as {6, 31, 44, 134, 192} respectively] Then T =
{0, 2, 374] and K = 4 Iengths are signaled. The set of lengths to be signalled is {0, 75, 134, 192} and the corresponding number of
coding passes that are added is {1, 2, 1, 1}. A valid code bit sequence is 11 1110 (Lblock increased to §), 0000 0110 (log,1 =0, 8
bits used to code length of 6), 0 0100 1011 (log,2 = 1, 9 bits used to code the length of 75), 0 1000 0110 (log,2 = 1, 9 bits used to
code the length of 134), and 1100 0000 (log,1 = 0, 8 bits used to code the length of 192). Notice that the value of Lblock is

incremented only at the start of the sequence.

B.10.8  Order of information within packet header

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

Zero bit-planes

# of coding passes (layer 0) Length information (layer 0)

bitfor zero or non-zero length packet
for] each subband (LL or HL, LH and HH)

if code-block included
if first instance of code-block
zero bit-planes information

for each codeword segment
length of codeword segment

number of coding passes in¢luded
increase of code-block length indicator (Lblock)

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

for all code-blocks in this subband confined to the televant precinct, in raster order
code-block inclusion bits (if not previously in¢luded then tag tree, else one bit)

0 0 2 3 4 7 3 2 4 4 —
2 1 1 3 3 6 — | — — | — | —
Inclusion tag tree Zero bit-planes tag tree  # of coding passes (layer 1) Length information (layer 1)
3 — 10 | — |~t
0 1 3 6
— 1 — 1 2
0 3

The packgt header may be imfediately followed by the EPH marker as described in Annex A.8.2. The EPH mjarker may
appear regardless of whether the packet contains any code-block contributions. In the event that the packet header appears

in a PPM |or PPT marker.segment, the EPH marker (if used) must appear together with the packet header.

NOTE|— Figure/B+1}3 and Table B-5 show a brief example of packet header construction. Figure B-13 shows the {nformation
known|to the encoder. In particular the “inclusion information” shows the layer where each code-block first appears |n a packet.
The decodet, will receive this information via the inclusion tag tree in several packet headers. Table B-5 shows the 1esulting bit

stream|(in'part) from this information.

B.11 Tile and tile-parts

Each coded tile is represented by a sequence of packets. The rules governing the order that the packets of a tile appear
within the codestream is specified in Annex B.12. It is possible for a tile to contain no packets, in the event that no
samples from any image component map to the region occupied by the tile on the reference grid.

Any tile’s representation may be truncated by discarding one or more trailing bytes. Also, any number of whole packets
(in order) may be dropped and the final packet appearing in the tile may be partially truncated. The tile length marker

segment parameters shall reflect this.
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Table B-5 — Example packet header bit stream

Bit stream (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(log, 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 isdncreased by 1 bit (3 to 4)
00100 Code-block 1,0 has 4 bytes,5bits are used 4 + floor(log, 2),
(Note that while this is a legitimate\entry, it is not minimal in code length.)
0 Code-block 2,0.not yet included (partial tag tree)
0 Code-block 0,1 not yet included
0 Code-block 1,1 not yet included
Code-block 2,1 not yet included (no data needed, already conveyed by
partial tag tree for code-block 2,0)
hadd Packet header data for the other subbands, packet data
Packet for the next layer
L 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 + log, (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
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Table B-5 — Example packet header bit stream (continued)

Bit stream (in order) Derived meaning
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 passes included
0 Code-block—1Henath-informationis-unchanged
001 Code-block 1,1 has 1 byte, 3 + log, (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 passes in¢luded
0 Code-block 2,1 length indicator issunchanged
010 Code-block 2,1 has 2 bytes¢3 +Tog, 1 bits used
hadd Packet header data for the other subbands, packet data

The sequgnce of packets representing any particular tile may be)divided into contiguous segments known as| tile-parts.
Any number of packets (including zero) may be contained in atile-part. Each tile must contain at least one tilg-part. The
divisions petween tile-parts must occur at packet boundaries” While tiles are coherent geometric areas, the tiletparts may
be distribyited throughout the codestream in any desired fashion, provided tile-parts from the same tile appear if the order
that presefves the original packet sequence. Each.tile-part commences with an SOT marker segment (see Anrjex 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 i preserved.
For exgmple, a legitimate codestream might have the following order

Tilg number 0, tile-part number 0
Tilg number 1, tile-part numbex, 0
Tilg number 0, tile-partnumber 1
Tilg number 1, tile-part.number 1
etc
If SOP mprker-segments are allowed (by signalling in the COD marker segment, see Annex A.6.1), each padket in any

given tiletpaft may be prepended with an SOP marker segment (see Annex A.8.1). However, whether or ngt the SOP
marker sekemient is used the count in the Nqnp is incremented for each pﬂ(‘ka If the pn(‘km headers are moved to a PPM

or PPT marker segments (see Annex A.7.4 and Annex 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 allowed (by signalling in the COD marker segment, see Annex A.6.1), each packet header in any
given tile-part may be postpended with an EPH marker segment (see Annex A.8.1). If the packet headers are moved to a
PPM or PPT marker segments (see Annex A.7.4 and Annex A.7.5), then the EPH markers may appear after the packet
headers in the PPM or PPT marker segments.
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B.12 Progression order

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

It is possible that components have a different number of resolution levels. In this case, the resolution level that
corresponds to the N;LL subband is the first resolution level (r = 0) for all components. The indices are synchronized

from that point on.

NOTE|— For example, take the case of resolution level-position-component-layer progression and two compondnts with 7
resolutjon levels (6 decomposition levels) and 3 resolution levels (2 decomposition levels) respectively. The r = O\will forrespond
to the N, LL subband of both components. From r = 0 to r = 2 the components will be interleaved as described below. [From r =3

to r = § only component 0 will have packets.

B.12.1 |Progression order determination

The COD|marker segments signal which of the five progression orders are used (see Annex A.6.1). The progresgion order
can also He overridden with the POC marker segment (see Annex A.6.6) in any tile-partheader. For each of the possible
progressi¢n orders the mechanism to determine the order in which packets are included is described below.

B.12.1.1 | Layer-resolution level-component-position progression

Layer-resplution level-component-position progression is defined as the“interleaving of the packets in the [following
order:

forea¢h [=0,..., L-1
foleach r=0,..., N,

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

Here, L if the number of layers and N, is the.maximum number of decomposition levels, Ny , used in any cpmponent

of the tilg. A progression of this type might be useful when low sample accuracy is most desirable, but infofmation is
needed fof all components.

B.12.1.2 | Resolution level-layer-component-position progression

Resolutioh level-layer-component-position progression is defined as the interleaving of the packets in the [following
order:

for eag¢h r = 0,..., Nppis
foleach [ =0,) L-1
for eathi = 0,..., Csiz-1
for'each k =0,..., numprecincts-1

pﬂ(‘l(PT for component i resolution level r laver [ _and prpr‘in(‘t k

A progression of this type might be useful in providing low resolution level versions of all image components.
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:
foreach r=0,..., N4

for each y = ty,..., ty;-1,

for each x = tx,..., tx;-1,
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foreach i =0,..., Csiz-1

if (y = 1y, or y divisible by YRsiz(i) - 2"~ PN

PPx(r,i)+N,—r

if (x = tx, or x divisible by XRsiz(i) - 2 )

for the next precinct k,
foreach [=0,..., L-1

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

In the above, k can be obtained from:

X Y
. s Ny —”“ ’7 . s Ny —”“
k (XRS’Z(Z) 2 S T numprecinctswide(r, i) - YRsiz(i) - 2 | " B.20
ZPPX()’, i) 2PPX(V, i) ZPP},()’, i) 2PP“,(V, i)

To use this progression, XRsiz and YRsiz values must be powers of two for each component!\X progression of this type
might be pseful 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 above formulation is given for simplicity only/of expression, not implgmentation.
Most df the (x,y) pairs generated by this loop will generally result in the inclusion of no.packets. More efficient iteratjons can be

found ased upon the minimum of the dimensions of the various precincts, mapped info the reference grid. This note all applies to
the loops given for the following two progressions.

B.12.1.4 | Position-component-resolution level-layer progression

Position-Jomponent-resolution level-layer progression is defined asthe'interleaving of the packets in the following order:
for ea¢h y = ty,..., ty;-1,
fo each x = tx,..., tx;-1,
for each i =0,..., Csiz-1

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

)

PPx(r,i)+N,—r

)

for the next precintt, k, in the sequence shown in Figure B-8
for each /=00,..., L-1

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

if (y = tyy or y divisible by YRsiz(i) - Py N

if (x = tx, or x divisible by XRsiz(i) - 2

In the abdve, k can be obtainhed 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 lodation in all<¢émponents.

B.12.1.5 | Component-position-resolution level-layer progression

Componept-position-resolution level-layer progression is defined as the interleaving of the packets in the following order:
for each i = 0,..., Csiz-1

for each y = ty,..., ty;-1,

for each x = tx,..., tx;-1,

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

)

PPx(r,i)+ N, —r

if (y = 1y, or y divisible by YRsiz(i) - 2' "M

if (x = tx, or x divisible by XRsiz(i) - 2 )

for the next precinct, k, in the sequence shown in Figure B-8
foreach [=0,..., L-1

76 © I1SO/IEC 2000 — All rights reserved


https://iecnorm.com/api/?name=4b21e51baf0cea32a2e1ff5f39391bcf

In the ab
accuracy

B.12.2

The progt
A.6.1). T}

If this pro
described
REpoc an
progressi
packet is

resolution

Thus, the

NOTE
resolut
in laye

B.12.3

If there is
A.6.6). Tl

| SO/IEC 15444-1:2000(E)

Resolution level

00 -

First Second

/ ~

~
MR 4 ~4—p-
g L
-/b»
-/_}
Y

Figure B-14 — Example of progression order volumne in two dimensions

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

bve, k can be obtained from Equation B.20. A progression of this type might<be useful in provi
or a particular spatial location in a particular image component.

Progression order volumes

ession order default is signaled in the COD marker segment in the“main header or tile headers (s
e progression loops of Annex B.12.1 all go from zero to the maximum value.

pression order is to be changed the POC marker segment is/ised (see Annex A.6.6). In this case, the
in Annex B.12.1 are limited by start points (CSpoc, RSpoc, Layer = 0, inclusive) and end point
d LEpoc, exclusive). This creates a progression order yolumne of packets. All the packets included in
n order volumne are found in order in the codestream before the next progression order change takes
bver repeated in the codestream. Therefore, the layet always starts with the next one for a given tile-c
level, and precinct. The decoder is required to determine the next layer.

variables in the above loops are bounded by the progression order volumne as described in Equation

CSpod<i< CEpod
RSpod <r<REpod
0<I<LEpod

— Figure B-14 shows™an example of two progression volumes for a single component image. First packets
on level-layer-component-position progression until the box labeled “First” in the figure is complete; then pack
-resolution level*component-position progression for the layers of all resolution levels which were not previous

Progression order change signalling

a progression order change than at least one POC marker segment shall be used in the codestream (
neré.can only be one POC marker segment in a given header (main or tile-part) but that marker seg

ding high

ee Annex

for loops”
5 (CEpoc,
the entire
effect. No
mponent,

B.21.

B.21

are sent in
bts are sent
y sent.

ee Annex
rment can

describe many progression order changes.

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

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

and the m

ain header POC marker segment (if there is one) are overridden.

If there are progression order changes signalled by POC marker segments (whether in the main header or the tile-part
headers), then all the order of all the packets in the codestream, or the effected tile-parts of the codestream shall be
described by progression order volumes in the POC marker segments. There will never be the case where a progression
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POCTpovi | [POV2 POV2 cont. POV3
Tile-part O Tile-part 1 T Tile-part 2
a) All of the progression order volumes are described in the POC marker segement in the first tile-part header.
POCT POVl | [POV2 POV2 cont. POC [POV3
Tile-part 0 Tile-part 1 o Tile-part 2

b) Progression order volumes 1 and 2 are described in the POC marker segement in the first tile-part header,
progression order volumne 3 is described in the third tile-part header.

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

order volymne is filled and the next one is not defined. On the other hand, the POC marker segmients may des¢ribe more
progressi¢n order volumes than exist in the codestream. Also, the last progression order Volumne in each tile may be

incomplete.

The POC| marker segments shall describe progression order volumes in order in“any tile-part header befoge the first
included packet appears. However, the POC marker may be, but is not required to_be, in the tile-part header imjmediately
before thg progression order volumne is used. It is possible to describe many-progression order volumes in|a tile-part
header even though those progression order volumes do not appear until later tile-parts.

NOTE|— For example, all of the progression order volumes can be described one POC marker segement in the first tile{part header
of a til¢. Figure B-15a shows this scenario. Equally acceptable, in thisccase; is describing two progression order volumep in the first
tile-paift header and one in the third, as shown in Figure B-15b.
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Annex C

Arithmetic entropy coding
(This Annex forms a normative and 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.

C.1 Binary encoding (informative)

Figure C-|l shows a simple block diagram of the binary adaptive arithmetic encoder. The decision (D) and corjtext (CX)
pairs are processed together to produce compressed image data (CD) output. Both D and CX are provided by the model
unit (not ghown). CX selects the probability estimate to use during the coding of D. In this International Standard, CX is
a label for a context.

C.l1.1 Recursive interval subdivision (informative)

The recurpive probability interval subdivision of Elias coding is the basis for the binary.arithmetic coding progess. With
each binafy decision the current probability interval is subdivided into two sub-intervals, and the code string i modified
(if necessfiry) so that it points to the base (the lower bound) of the probability sub-interval assigned to the sympol which
occurred.

In the parfitioning of the current interval into two sub-intervals, the sub-interval for the more probable symbol (MPS) is
ordered apove the sub-interval for the less probable symbol (LPS)%\ Therefore, when the MPS is coded, the|LPS sub-
interval i added to the code string. This coding convention requirés that symbols be recognized as either MPS or LPS,
rather than O or 1. Consequently, the size of the LPS interval and'the sense of the MPS for each decision must|be known
in order t¢ code that decision.

Since the pode string always points to the base of the current interval, the decoding process is a matter of deternpining, for
each decifion, which sub-interval is pointed to by, the compressed image data. This is also done recursively,|using the
same intefval sub-division process as in the encoder. Each time a decision is decoded, the decoder subtracts anyy interval
the encodgr added to the code string. Therefore;the code string in the decoder is a pointer into the current intervjal relative
to the bgse of the current interval. Since the coding process involves addition of binary fractions rgther than
concatendtion of integer code words, the.more probable binary decisions can often be coded at a cost of muchj less than
one bit per decision.

C.1.2 Coding conventions and approximations (informative)

The codirlg operations arédone using fixed precision integer arithmetic and using an integer representation of|fractional
values in which 0x8000-s equivalent to decimal 0,75. The interval A is kept in the range 0,75 < A < 1,5 by doubling it
whenever]the integer value falls below 0x8000.

The code|register C is also doubled each time A is doubled. Periodically — to keep C from overflowing —|a byte of
compress¢dimage 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.

D -
ENCODER CcD
_>

CX__pl

Figure C-1 — Arithmetic encoder inputs and outputs
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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

Qe * A = sub-interval for the LPS

Because the value of A is of order unity, these are approximated by

Whenevet the MPS is coded, the value of Qe is added to the code register and the interval is reduced;to A’- Qe.

A - Qe = sub-interval for the MPS

C.1

C2

C3

Qe = sub-interval for the LPS

C4

'Whenever

the LPS i coded, the code register is left unchanged and the interval is reduced to Qe. The precision range reqyired for A

is then reqtored, if necessary, by renormalization of both A and C.

With the
sub-intery
value of
inversion,|
MPS/LPS

Whenevel
estimate f
probabilit]
is used to

C.2

The ENC
passed on
estimates
necessary
possible 4
marker.

NOTE
such as

C.21

The flow

al larger than the MPS sub-interval. If, for example, the value of Qe is 0,5 'and A is at the minimu
,75, the approximate scaling gives 1/3 of the interval to the MPS and\2/3 to the LPS. To avoi

conditional exchange can only occur when a renormalization is needed.

or the context currently being coded. No explicit symbol, counts are needed for the estimation. T

directly estimate the probabilities.

Description of the arithmetic encoder (informative)

ODER (Figure C-2) initializes the encoder through the INITENC procedure. CX and D pairs arg
to ENCODE until all pairs have been“read. The probability estimation procedures which provid
of the probability for each context ate imbedded in ENCODE. Bytes of compressed image data are oy
When all of the CX and D pairs-have been read, FLUSH sets the contents of the C-register to as mar
nd then outputs the final bytes." FLUSH also terminates the encoding and generates the required tq

— While FLUSH is required in ITU-T Rec.T.88 | ISO/IEC 14492, it is informative in this specification. Oth
that defined in Anpex D’4.2, are acceptable.

Encoder code register conventions (informative)
Charts given'in this Annex assume the register structures for the encoder shown in Table C-1.

Table C-1 — Encoder register structures

brocess illustrated above, the approximations in the interval subdivision process ean sometimes maklie the LPS

m allowed
I this size

the MPS and LPS intervals are exchanged whenever the LPS interval)is larger than the MPS int¢rval. This

a renormalization occurs, a probability estimation process’is invoked which determines a new probability

he relative

es of renormalization after coding an LPS or MPS proyide an approximate symbol counting mechanfsm which

read and
e adaptive
tput when
y 1 bits as
rminating

br methods,

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

The “a” bits are the fractional bits in the A-register (the current interval value) and the “x” bits are the fractional bits in the
code register. The ““s” bits are spacer bits which provide useful constraints on carry-over, and the “b” bits indicate the bit
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( ENCODER )

Y

INITENC

No

Finished?

Yes

FLUSH

Y
{ Done )

Figure C-2--<Encoder for the MQ-coder

positions from which the completed bytes of the compressed image data are removed from the C-register. The c” bit is a
carry bit. [The detailed description of bitstuffing and the handling of carry-over will be given in a later part of this Annex.

C.2.2 Encoding a decision (ENCODE) (informative)

The ENCPDE procedure determines whether the decision D is a 0 or not. Then a CODEO or a CODEI1 pr¢cedure is
called appropriately. Often ‘embodiments will not have an ENCODE procedure, but will call the CODEO or CODE1
procedurgs directly to,code a O-decision or a 1-decision. Figure C-3 shows this procedure.

C.23 Encoding-a 1 or a 0 (CODE1 and CODEO0) (informative)

When a gjveéw binary decision is coded, one of two possibilities occurs — the symbol is either the more probable symbol
acumbal  COPDEL aond CODEO ara 3 lacteatad 10 T a C 4 ond Figaea (K5 T thaca £ ures CX

or it is théless-probable-symbel-CODEL-and-CODEO-are-HustratedinFisore-C4and-Higtre C-S5—Tnthese
is the context. For each context, the index of the probability estimate which is to be used in the coding operations and the
MPS value are stored. MPS(CX) is the sense (0 or 1) of the MPS for context CX.

C.24 Encoding an MPS or LPS (CODEMPS and CODELPS) (informative)

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

A\ 4
{ Done )

Figure C-3 — ENCODE procedure

Y

Done

Figure C-4 — CODE1 procedure

Yes

MPS{CX) = 07

CODELPS CODEMPS

U:

Done

Figure C-5 — CODEO procedure
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UYL 77

Y

A = Qe(I(CX))

Y

C = C + Qe(I(CX))

SWITCH(I(CX))
=17

Y

MPS(CX) = 1 — MPS(CX)

\

Y.

[(CX) #INLPS(I(CX))

{ Done )

Figure C<6— CODELPS procedure with conditional MPS/LPS exchange

Table C-2 — Qe values and probability estimation

Index Qe_Value NMPS NLPS SWIT{CH
(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
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Table C-2 — Qe values and probability estimation (continued)

Index Qe_Value NMPS NLPS SWITCH
(hexadecimal) (binary) (decimal)
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 01000000 0001 0492 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
11 0x2401 0010 0100 0000 0001 0,210 964 12 18 0
12 0x1CO01 0001 1100 0000 0001 0,164 088 13 20 0
13 0x1601 0001 0110 0000 0001 0,128 931 29 21 0
14 0x5601 0101 0110 0000 0001 0,503 937 15 14 1
15 0x5401 0101 0100 0000 0001 0,492.218 16 14 0
16 0x5101 0101 0001 0000 0001 0,474 640 17 15 0
17 0x4801 0100 1000 0000 0001 0,421 904 18 16 0
18 0x3801 0011 1000 0000 0601 0,328 153 19 17 0
19 0x3401 0011 0100°0600 0001 0,304 715 20 18 0
20 0x3001 0011°6000 0000 0001 0,281 277 21 19 0
21 0x2801 0010 1000 0000 0001 0,234 401 22 19 0
22 0x2401 0010 0100 0000 0001 0,210 964 23 20 0
23 0x2201 0010 0010 0000 0001 0,199 245 24 21 0
24 0x1CO01 0001 1100 0000 0001 0,164 088 25 22 0
25 0x1801 0001 1000 0000 0001 0,140 650 26 23 0
26 0x1601 0001 0110 0000 0001 0,128 931 27 24 0
27 0x1401 0001 0100 0000 0001 0,117 212 28 25 0
28 0x1201 0001 0010 0000 0001 0,105 493 29 26 0
29 0x1101 0001 0001 0000 0001 0,099 634 30 27 0
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Table C-2 — Qe values and probability estimation (continued)

Index Qe_Value NMPS NLPS SWITCH
(hexadecimal) (binary) (decimal)

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 O0x0RA1 0000 1000 1010 0001 0,050 361 33 30 Q0

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 0x02Al 0000 0010 1010 0001 0,015 404 36 83 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 0,008671 41 38 0

41 0x0025 0000 0000 0010 0101 0,000 847 42 39 0

42 0x0015 0000 0000 0001 0101 0,000 481 43 40 0

43 0x0009 0000 0000 00001001 0,000 206 44 41 0

44 0x0005 0000 00000000 0101 0,000 114 45 42 0

45 0x0001 00006000 0000 0001 0,000 023 45 43 0

46 0x5601 0101 0110 0000 0001 0,503 937 46 46 0
C.25 Probability estimation (informative)
Table C-2 showstthe Qe value associated with each Qe index. The Qe values are expressed as hexadecimal iftegers, as
binary intpgetsy-and as decimal fractions. To convert the 15 bit integer representation of Qe to the decimal probability, the
Qe valueg| 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.
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( CODEMPS )
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A = A — Qe(I(CX))

Y No
C = C+ Qe(Il{(CX))

Yes

A < Qe(I(CX))?

Y Y

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

¢
Y

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

RENORME

.
S

Y

{ Done )

Figure C=7,— CODEMPS procedure with conditional MPS/LPS exchange

After an ILPS renormalization, NLPS gives the new index for the LPS probability estimate. If the switch is 1f, the MPS
symbol sgnse is reversed.

The indey to,the current estimate is part of the information stored for context CX. This index is used as the irldex to the
table of values’in NMPS, which gives the next index for an MPS renormalization. This index is saved in the context
storage at CX. MPS(CX) does not change.

The procedure for estimating the probability on the LPS renormalization path is similar to that of an MPS
renormalization, except that when SWITCH(I(CX)) is 1, the sense of MPS(CX) is inverted.

The final index state 46 can be used to establish a fixed 0,5 probability estimate.
C.2.6 Renormalization in the encoder (RENORME) (informative)

Renormalization is very similar in both encoder and decoder, except that in the encoder it generates compressed bits and
in the decoder it consumes compressed bits.
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Figure C-8 — Encoder-renormalisation procedure

The RENPRME procedure for the encoder renormalization is illustrated in Figure C-8. Both the interval regifter A and
the code fegister C are shifted, one bit at a time. The number of shifts is counted in the counter CT, and when CT is
counted {lown to zero, a byte of compressed image data is removed from C by the procedure BYTEOUT.
Renormaljization continues until A is no Jonger less than 0x8000.

C.2.7 Compressed image data output (BYTEOUT) (informative)

The BYTIEOUT routine called from RENORME is illustrated in Figure C-9. This routine contains the bit-stuffing
procedurgs which are needed to limit carry propagation into the completed bytes of compressed image |[data. The
conventiops used make-it impossible for a carry to propagate through more than the byte most recently wriften to the
compress¢d image data buffer.

The procgdufe in the block in the lower right section does bit stuffing after a OxFF byte; the similar procedure pn the left
is for the tase"where bit stuffing is not needed

B is the byte pointed to by the compressed image data buffer pointer BP. If B is not a OxFF byte, the carry bit is checked.
If the 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. After the
need for bit stuffing has been determined, the appropriate path is chosen, BP is incremented and the new value of B is
removed from the code register “b” bits.
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BYTEOUT

Yes T < 0%8000000?
No
B=B+1
No
Yes
C = C AND-OxX7FFFFFF >
\ 4 A 4
BP=BP + 1 BP=BP + 1
B=C>>19 B=C>>20
C = C AND 0x7FFFF C = C AND 0XFFFFF
CT=38 CT=7
Y
Done

Figure C-9 — BYTEOUT procedure for encoder

C.2.8 Initialisation-of the encoder INITENC) (informative)

The INITENC procedure is used to start the arithmetic coder. After MPS and I are initialized, the basic steps ar¢ shown in
Figure C-[10¢

The interval register and code register are set to their initial values, and the bit counter is set. Setting CT = 12 reflects the
fact that there are three spacer bits in the register which need to be filled before the field from which the bytes are
removed is reached. BP always points to the byte preceding the position BPST where the first byte is placed. Therefore, if
the preceding byte is a OxFF byte, a spurious bit stuff will occur, but can be compensated for by increasing CT. The initial
settings for MPS and I are shown in Table D-7.

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

The FLUSH procedure shown in Figure C-11 is used to terminate the encoding operations and generate the required
terminating marker. The procedure guarantees that the OxFF prefix to the marker code overlaps the final bits of the

88 © I1SO/IEC 2000 — All rights reserved


https://iecnorm.com/api/?name=4b21e51baf0cea32a2e1ff5f39391bcf

| SO/IEC 15444-1:2000(E)

( INITENC )

Y
A =0x8000
C=0
BP = BPST -1
CT =12

l

B = OxFF?

No

<
<

( Done )

Figure C-10 — Initialisation of the encoder

compress¢d image data. This guarantees that any marker code.at the end of the compressed image data will be recognized
and intergreted before decoding is complete.

The first part of the FLUSH procedure sets as many bits in the C-register to 1 as possible as shown in Figure {C-12. The
exclusive jupper bound for the C-register is the sum‘of the C-register and the interval register. The low order 1¢ 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, redficing C to
a value which is within the interval.

The byte |n the C-register is then completed by shifting C, and two bytes are then removed. If the byte in buffgr, B, is an
OxFF ther] it is discarded. Otherwise, butfer B is output to the bit stream.

NOTE}— This is the only normative option for termination in ITU-T Rec.T.88 | ISO/IEC 14492. However, further redugtion of the
bit strepm is allowed in this-Recommendation | International Standard provided correct decoding is assured (see Table P.4.2).
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<
<

C=C<<(CT

Y

BYTEOUT

Yes

B = 0xFF?

No

BP = BP 1 Discard B

¢

Y

( Done )

Figure C-11 — FLUSH procedure
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( SETBITS )

Y

TEMPC =C+ A
C = C OR 0xFFFF

|

C3

Figure C-
a context
decision i

The DEC
data (as n
binary de
estimates
compress

< C > TEMPC?

Yes

C=C-0x8000

'

Y

( Done )

Figure C-12 — Setting the final bits in the C register

Arithmetic decoding procedure

[3 shows a simple block diagram of a binary adaptive arithmetic decoder. The compressed image dai
CX from the decoder's model unit (not shown)«are input to the arithmetic decoder. The decoder's oul
. The encoder and decoder model units need\to supply exactly the same context CX for each given d

DDER (Figure C-14) initializes the deceder through INITDEC. Contexts, CX, and bytes of compres
peded) are read and passed on to DECODE until all contexts have been read. The DECODE routine d
cision D and returns a value of either O or 1. The probability estimation procedures which provid
of the probability for each-'context are embedded in DECODE. When all contexts have been
bd image data has been decompressed.

CD

> DECODER D

a CD and
tput is the
ecision.

sed image
tcodes the
b adaptive
read, the

Se——
X

Figure C-13 — Arithmetic decoder inputs and outputs
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( DECODER )

Y

y

INITDEC

C3.1

D = DECODE

No

Finished?

Figure C-14 — Decoderfor the MQ-coder

Decoder code register conventions

The flow ¢harts given in this Annex assume the register structures for the decoder shown in Table C-3.

Chigh and Clow-can be thought of as one 32 bit C-register in that renormalization of C shifts a bit of new dat

MSB of (low’to the B 0O g
“b” bits of Clow one byte at a time.

Tahble C-3 — Decoder register structures

MSB LSB
Chigh register XXXX XXXX XXXX XXXX
Clow register bbbb bbbb 0000 0000
A-register aaaa aaaa aaaa aaaa

The detailed description of the handling of data with stuff-bits will be given later in this Annex.

h from the

bd into the

Note that the comparisons shown in the various procedures in this section 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
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( DECODE )

Y

A=A — Qe(I(CX))

l

NO Fhigh < Qe(I(CX)P>YES

A 4

Chigh = Chigh — Qe(I(CX))

AND 0x8000 =0

Y Y

D = MPS_EXCHANGE D = MPS(CX) D = LPS_ EXCHANGE

RENORMD RENORMD

Y

{ Return D )

Figure C-15 — Decoding an MPS or an LPS

base of tHe current interval t@ the sub-interval allocated to all binary decisions not yet decoded. In the first fest in the
DECODH procedure illustrated in Figure C-15 the Chigh register is compared to the size of the LPS sub-intervial. Unless
a conditignal exchangesis\needed, this test determines whether a MPS or LPS is decoded. If Chigh is logically greater
than or equal to the LLRS probability estimate Qe for the current index I stored at CX, then Chigh is decremented by that
amount. If A is notJess than 0x8000, then the MPS sense stored at CX is used to set the decoded decision D.

Y path the

g , : e b s the first
step in Flgure C- 16 is not loglcally less than the LPS probablhty estlmate Qe(I(CX)) an MPS did occur and the decision
can be set from MPS(CX). Then the index I(CX) is updated from the next MPS index (NMPS) column in Table C-2. If,
however, the LPS sub-interval is larger, the conditional exchange occurred and an LPS occurred. D is set by inverting
MPS(CX). The probability update switches the MPS sense if the SWITCH column has a “1”” and updates the index I[(CX)
from the next LPS index (NLPS) column in Table C-2. The probability estimation in the decoder needs to be identical to
the probability estimation in the encoder.

For the LPS path of the decoder the conditional exchange procedure is given the LPS_ EXCHANGE procedure shown in
Figure C-17. The same logical comparison between the MPS sub-interval A and the LPS sub-interval Qe(I(CX))
determines if a conditional exchange occurred. On both paths the new sub-interval A is set to Qe(I(CX)). On the left path
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(MPS _EXCHANGE)

A < Qe(I(CX))?

D = MPS(CX) D =1 — MPS(CX)
I(CX) = NMPS(I(CX)) T

WITCH(I(CX)) = 1}

Y

MPS(CX) = 1 — MPS(CX) >

Y

KCX) = NLPS(I(CX))

A\ 4
{ Return D )

Figure C-16,—~Decoder MPS path conditional exchange procedure

the condifional exchange occurred'so the decision and update are for the MPS case. On the right path, the LPS decision
and updatp are followed.

C33 Renormalization in the decoder (RENORMD)

The RENPORMD-procedure for the decoder renormalization is illustrated in Figure C-18. A counter keeps track of the
number of compressed bits in the Clow section of the C-register. When CT is zero, a new byte is inserted into (low in the
BYTEIN procedure. The C-register in this procedure is the concatenation of the Chigh and Clow registers.

Both the interval register A and the code register C are shifted, one bit at a time, until A is no longer less than 0x8000.
C34 Compressed image data input (BYTEIN)

The BYTEIN procedure called from RENORMD is illustrated in Figure C-19. This procedure reads in one byte of data,
compensating for any stuff bits following the OxFF byte in the process. It also detects the marker codes which must occur
at the end of a coding pass. The C-register in this procedure is the concatenation of the Chigh and Clow registers.
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CLPS _EXCHANGE)

A < Qe(I(CX))?

Y

A = Qe(I(CX))
D = MPS(CX)

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

A = Qe(I(CX))
D = 1 — MPS(CX)

WITCH(I(CX)) =13

Y

Y,

MPS(CX) = 1 — MPS(CX)

Y

I(CX) = NLPS(I(CX))

Y

{ Return D )

Figure C-17—Decoder LPS path conditional exchange procedure
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( RENORMD )

¢
y

BYTEIN

Qx>

Q
—
I

@]
—

A AND 0x8000 =0

Figure C-18 — Decoder renormalisation procedure

BYTEIN

A

BP = BP + 1
C=C+(B<<8)
No " B 5 oxgF? XS CT =8
\ 4 A 4
BP —BP + 1
C=C+(B<<9) €= oxFroo
CT=7 =

Y

( Done )

Figure C-19 — BYTEIN procedure for decoder
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(  INITDEC )

Y

BP = BPST
C=B<<16

{ Done )

Figure C-20 — Initialisation of the decoder

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 vhlue of B is inserted into the high order 8 bits of Clow.

If B is a (xFF byte, then B1 (the byte pointed to by BP+1)ds‘tested. If B1 exceeds 0x8F, then B1 must be ¢ne of the
marker cqdes. The marker code is interpreted as required, and the buffer pointer remains pointed to the OxFF prgfix of the
marker cqde which terminates the arithmetically compiéssed image data. 1-bits are then fed to the decodef until the
decoding |is complete. This is shown by adding OxFFOQsto the C-register and setting the bit counter CT to 8.

If B1 is npt 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-fegister with an alignment such that the stuff bit (which contains any carry) is added to the low ofder bit of
Chigh.

C35 Initialisation of the decoder’(INITDEC)

The INITDEC procedure is used to start the arithmetic decoder. After MPS and I are initialized, the basic steps pre shown
in Figure [C-20.

BP, the pdinter to the compressed image data, is initialized to BPST (pointing to the first compressed byte). Th¢ first byte
of the compressed image data is shifted into the low order byte of Chigh, and a new byte is then read in. The C{register is
then shift¢d by 7*bits and CT is decremented by 7, bringing the C-register into alignment with the starting value{of A. The
interval rqgister-A is set to match the starting value in the encoder. The initial settings for MPS and I are showp in Table
D-7.

C.3.6 Resetting arithmetic coding statistics

At certain points during the decoding some or all of the arithmetic coding statistics are reset. This process involves
returning I(CX) and MPS(CX) to their initial values as defined in Table D-7 for some or all values of CX.

C.3.7 Saving arithmetic coding statistics

In some cases, the decoder needs to save or restore some values of I[(CX) and MPS(CX).
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Annex D

Coefficient bit modeling

(This Annex forms a normative and integral part of this Recommendation | International Standard.)

:2000(E)

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

This Annex defines the modeling and scanning of transform coefficient bits.

Code-blo
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D.2.1
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etic coder, CX, along with the bit stream, CD, (see Annex C.3).

Code-block scan pattern within code-blocks

lane of a code-block is scanned in a particular order. Starting at the top left;.the first four coefficients
e scanned, followed by the first four coefficients of the second column/and so on, until the right §

scanned. The process is continued to the bottom of the code-black: If the code-block height is not di
set of coefficients scanned in each column will contain fewerthan 4 members. Figure D-1 shows an e
lock scan pattern for a code-block.

Coefficient bits and significance

General case notations

will be used to reconstruct the transform coefficient value ¢5(u, v) . The bits produced are: a sign bj
ber N,(u, v) of decoded magnitude MSBs, ordered from most to least significant: MSB,(b, u, v) is th
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Figure D-1 — Example scan pattern of a code-block bit-plane

© |SO/IEC 2000 — All rights reserved

99


https://iecnorm.com/api/?name=4b21e51baf0cea32a2e1ff5f39391bcf

| SO/IEC 15444-1: 2000(E)

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 N, (u, v) . These modifications are specified in Annex 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 O (coefficient is insignificant) and may become 1 (coefficient is significant) during the course of the

decoding jof the code-block. The “significance state” changes from insignificant to significant (see the section
the bit-pline where the most significant magnitude bit equal to 1 is found. The context vector for 4 givi

coefficie

is the binary vector consisting of the significance states of its 8 nearest-neighbor coefficients, as

Figure DP. Any nearest neighbor lying outside the current coefficient’s code-block is regarded as ihsignifican|
treated as|having a zero significance state) for the purpose creating a context vector for decoding the current cqg

In general, a current coefficient can have 256 possible context vectors. These are clusteted into a smaller
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Figure D-2 — Neighbors states used to form the context
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significance state is set to 1 and the immediate next bit to be decoded is the sign bit for the coefficient. Otherwise, the
significance state remains 0. When the contexts of successive coefficients and coding passes are considered, the most
current significance state for this coefficient is used.

D.3.2 Sign bit decoding

The context label for sign bit decoding is determined using another context vector from the neighborhood. Computation
of the context label can be viewed as a two-step process. The first step summarizes the contribution of the vertical and the
horizontal neighbors. The second step reduces those contributions to one of 5 context labels.

For the first step, the two vertical neighbors (see Figure D-2) are considered together. Each neighbor may have one of

three stat¢s: significant positive, significant negative, or insignificant. If the two vertical neighbors are both, $ignificant
with the shme sign, or if only one is significant, then the vertical contribution is 1 if the sign is positive or~Dif fhe sign is
negative. |If both vertical neighbors are insignificant, or both are significant with different signsf then the vertical
contributipn is 0. The horizontal contribution is created the same way. Once again, if the neighbors fall‘outside| the code-
block they are considered to be insignificant. Table D-2 shows these contributions.
Table D-1 — Contexts for the significance propagation and cleanup coding passes
LL and LH subbands HL subband HH subband Coptext
(vertical high-pass) (horizontal high-pass) (diagonally high-pass) lapel®
zI[l ZVI ZDI ZHI ZVI ZDI Z(H1+V1) ZDI

2 xP X X 2 X X >3 8

1 =1 X =1 1 X =1 2 7

1 0 =1 0 1 =1 0 2 6

1 0 0 0 1 0 =2 1 5

0f 2 X 2 0 X 1 1 2

0f 1 X 1 0 X 0 1 3

ol 0 > 0 0 >2 >2 0 2

0f 0 1 0 0 1 1 0 1

0f 0 0 0 0 0 0 0 0

a. Note that the context labels are indexed only for identification convenience in this specification. The actual identifiprs used
is 4 matter of implementation.
b. x g domotcare.

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
XORDbit is found in Table D-3 for the current context label.
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Table D-2 — Contributions of the vertical (and the horizontal) neighbors to the sign context

Vo or VIOH) | obuion
significant, positive significant, positive 1
significant, negative significant, positive 0

insignificant significant, positive 1
significant, positive significant, negative 0
significant, negative significant, negative -1

insignificant significant, negative -1
significant, positive insignificant 1
significant, negative insignificant -1

insignificant insignificant 0

Table D-3 — Sign contexts from the vertical.and horizontal contributions

Horizontal contribution Vertical contribution Context label XORbit

1 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

D.3.3

Magnitude refinement pass

The magnitude refinement pass includes the bits from coefficients that are already significant (except those that have just
become significant in the immediately preceding significance propagation pass).

The context used is determined by the summation of the significance state of the horizontal, vertical, and diagonal
neighbors. These are the states as currently known to the decoder, not the states used before the significance decoding
pass. Further, it is dependent on whether this is the first refinement bit (the bit immediately after the significance and sign
bits) or not. Table D-4 shows the three contexts for this pass.
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Table D-4 — Contexts for the magnitude refinement coding passes

YH;+XV+2D; First refinement for this coefficient Context label
X false 16
21 true 15
0 true 14

a. "x" indicates a "don’t care" state

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

D.3.4 Cleanup pass

All the rgmaining coefficients are insignificant and had the context value of zero during\the significance propagation
pass. Thepe are all included in the cleanup pass. The cleanup pass not only uses the ‘neighbor context, like that of the
significanfe propagation pass, from Table D-1, but also a run-length context.

During thjs pass the neighbor contexts for the coefficients in this pass are re¢r€ated using Table D-1. The context label
can now Have any value because the coefficients that were found to be significant in the significance propagation pass are
considerefl to be significant in the cleanup pass. Run-lengths are decoded with a unique single context. If the four
contiguous coefficients in the column being scanned are all decoded(n)the cleanup pass and the context label for all is O
(including context coefficients from previous magnitude, significanice and cleanup passes), then the unique fun-length
context is|given to the arithmetic decoder along with the bit stream. If the symbol O is returned, then all four dontiguous
coefficien}s in the column remain insignificant and are set to,zero.

Otherwisg, if the symbol 1 is returned, then at least one of the four contiguous coefficients in the column is sjgnificant.
The next {wo bits, returned with the UNIFORM context (index 46 in Table C-2), denote which coefficient from|the top of
the columin down is the first to be found significant, The two bits decoded with the UNIFORM context are decqded MSB
then LSB. That coefficient’s sign bit is detérrhined as described in Annex D.3.2. The decoding of any femaining
coefficienfs continues in the manner described in Annex D.3.1.

If the fouf contiguous coefficients in a.column are not all decoded in the cleanup pass or the context bin for apy 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 gds the significance propagation are used here (the state is used as well as the model). Table D-5 shows the logic
for the clganup pass.

If there qre fewer than four rows remaining in a code-block, then no run-length coding is used. Once fgain, the
significanfe state of any coefficient is changed immediately after decoding the first 1 magnitude bit.

D.3.5 Example of coding passes and significance propagation (informative)

Table D-6 shows an example of the decoding order for the quantized coefficients of one 4-coefficient column 1n the scan.
This example assumes all neighbors not included in the table are identically zero, and indicates in which pass each bit is
decoded. The sign bit is decoded after the initial 1 bit and is indicated in the table by the + or - sign. The very first pass in
a new block is always a cleanup pass because there can be no predicted significant, or refinement bits. After the first pass,
the decoded 1 bit of the first coefficient causes the second coefficient to be decoded in the significance pass for the next
bit-plane. The 1 bit decoded for the last coefficient in the second cleanup pass causes the third coefficient to be decoded
in the next significance pass.

D4 Initializing and terminating

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

© I1SO/IEC 2000 — All rights reserved 103


https://iecnorm.com/api/?name=4b21e51baf0cea32a2e1ff5f39391bcf

| SO/IEC 15444-1: 2000(E)

Table D-5 — Run-length decoder for cleanup passes

Four contiguous
coefficients in a column Symbols with Four contieuous bits to be Symbols decoded Number of
remaining to be decoded run-length deco di d are zero with UNIFORM? coefficients to
and each currently has the context context decode
0 context
true 0 true none none
true 1 false MSB LSB
skip to first coefficient sign 00 3
skip to second coefficient sign 01 2
skip to third coefficient sign 10 1
skip to fourth coefficient sign 11 0
false none X none rest of cplumn
a. See Annex C.
Table D-6 — Example of sub-bit-plane coding order and significance propagation
10 1 3 -7 Coefficient value
+ + + - Coefficient sign
Coding Passes
1 0 Q 0
0 0 0 1 Coefficient magnitude
1 0 1 1 (MSB to LSB)
0 1 1 1
Cleanup 14 0 0 0
Significance 0
Refinement 0
Cleanup 0 1-
Significance 0 1+
Refinement 1 1
Cleanup
Significance 1
Refinement 0 1 1
Cleanup

In normal 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 Annex D.4.1). Table D-8 shows two examples of
termination patterns for the coding passes in a code-block. The COD or COC marker signals which termination pattern is
used (see Annex A.6.1 and Annex A.6.2).

104 © I1SO/IEC 2000 — All rights reserved


https://iecnorm.com/api/?name=4b21e51baf0cea32a2e1ff5f39391bcf

When multiple terminations of the arithmetic coder are present, the length of each terminated segment is signal

packet he

NOTE
asinb

D4.1

The deco
the arithn]

| SO/IEC 15444-1:2000(E)

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 neighbors (context label 0 in Table D-1) 4 0
All other contexts 0 o)

Table D-8 — Arithmetic coder termination patterns

4 Pass .CO(.iing Operation Codi?g Operation
Termination only on last pass Termination'Gn every pass
1 cleanup Arithmetic Coder (AC) A€, terminate
2 significance propagation AC AC, terminate
2 magnitude refinement AC AC, terminate
2 cleanup AC AC, terminate
final | significance propagation AC AC, terminate
final magnitude refinement AC AC, terminate
final cleanup AC, terminate AC, terminate

hder as described in Afmex B.10.7.

t stream marker values.

Expected codestream termination

— Termination shofild fiever create a byte aligned value between 0xFF90 and OXFFFF inclusive. These values ai

ler anticipates that the given number of codestream bytes will decode a given number of coding pas
eti€,coder is terminated. During decoding, bytes are pulled successively from the codestream until al

lled in the

¢ available

ses before
the bytes

for those coding passes have been consumed. The number of bytes corresponding to the coding passes 1s specified in the
packet header. Often at that point there are more symbols to be decoded. Therefore, the decoder shall extend the input bit
stream to the arithmetic coder with OXFF bytes, as necessary, until all symbols have been decoded.

It is sufficient to append no more than two OxFF bytes. This will cause the arithmetic coder to have at least one pair of
consecutive OxFF bytes at its input which is interpreted as an end-of-stream marker (see Annex C.3.4). The bit stream
does not actually contain a terminating marker. However, the byte length is explicitly signalled enabling the terminating
marker to be synthesized for the arithmetic decoder.

NOTE — Two OxFF bytes appended in this way is the simplest method. However, other equivalent extensions exist. This might be
important since some arithmetic coder implementations might attach special meaning to the specific termination marker.
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D.4.2 Arithmetic coder termination

The FLUSH procedure performs this task (see Annex 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.

When the predictable termination flag is set (see COD and COC in Annex A.6.1 and Annex A.6.2) the following
termination procedure shall be used. Using the notation of Annex C.2, the followings steps can be used:

1 Identify the number of bits in code register, C, which must be pushed out through the byte buffer. This
1s given by k = (11 -CT) +1

2 While (k > 0)
— Shift C left by CT and set CT = 0.

— Execute the BYTEOUT procedure. This sets CT equal to the number of bits cleared ofit of the C
register.

— Subtract CT from k.

3 Execute the BYTEOUT procedure to push the contents of the byteduffér register out to the codestream.
This step shall be skipped if the byte in the byte buffer has an OxEF byte value.

The relevgnt truncation length in this case is simply the total number of bytes pushed out onto the codestream.

If the predictable termination flag is not set, the last byte output by the above procedure can generally be modifjed, within
certain bounds, without affecting the symbols to be decoded. It will-semetimes be possible to augment the last pyte to the
special vallue, 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 includ¢ coding pass compressed image data into packets the number of bytes to be included must be determined. If the
coding pdss compressed image data is terminated,cthe algorithm in the previous section may be used. Othdrwise, the
encoder should calculate a suitable length such that corresponding bytes are sufficient for the decoder to recopstruct the
coding pakses.

D.5 Error resilience segmentation symbol

A segmenjtation symbol is a speeiahsymbol. Whether it is used is signalled in the COD or COC marker segments (Annex
A.6.1 and| Annex A.6.2). The symbol is coded with the UNIFORM context of the arithmetic coder at the end of each bit-
plane. Th¢ correct decoding-of this symbol confirms the correctness of the decoding of this bit-plane, which allows error
detection.|At the decodérya segmentation symbol 1010 or 0xA should be decoded at the end of each bit-plarfe (at the
end of a cJeanup pass){If the segmentation symbol is not decoded correctly, then bit errors occurred for this bif-plane.

NOTE|— Thistcan be used with or without the predictable termination.

D.6 Seléctive arithmetic coding 1

This style of coding allows bypassing the arithmetic coder for the significance propagation pass and magnitude
refinement coding passes starting in the fifth significant bit-plane of the code-block. The COD or COC marker signals
whether or not this coding style is used (see Annex A.6.1 and Annex A.6.2).

The first cleanup pass (which is the first bit-plane of a code-block with a non-zero element) and the next three sets of
significance propagation, magnitude refinement, and cleanup coding passes are decoded with the arithmetic coder. The
fourth cleanup pass shall include an arithmetic coder termination (see Table D-9).
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Table D-9 — Selective arithmetic coding bypass

Bnifl;flﬁl;e 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

5 significance propagation, raw

5 magnitude refinement raw, terminate

5 cleariap. AC, terminate

final significance raw

final magnitude refinement raw, terminate

final cleanup AC, terminate
Starting with the fourthSsignificance propagation and magnitude refinement coding passes the bits that would have been
returned from the arithimetic coder are instead returned directly from the bit stream. (A routine that undoes the{effects of
bit stuffing precedes-the return of bits. Specifically, this routine throws out the first bit after an OxFF byte value.) After
each maghitude refinement pass the bit stream has been “terminated” by padding to the byte boundary.
When all thebitsfronracodmg passhave-beemrassembted-thetast byte s packedtoabyte-boumdary-withamralternating

sequence of 0’s and 1’s, if necessary. This sequence should start with a 0 regardless of the number of bits to be padded.

The cleanup coding passes continue to receive compressed image data directly from the arithmetic coder and are always
terminated.

The sign bit is computed with Equation D.2:
signbit = raw_value D.2

where raw_value = 1 is a negative sign bit and raw_value = 0 is a positive sign bit. Table D-9 shows the coding sequence.
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The length of each terminated segment, plus the length of any remaining unterminated passes, is signalled in the packet
header as described in Annex B.10.7. If termination on each coding pass is selected see Annex A.6.1 and Annex A.6.2),
then every pass is terminated (including both raw passes).

NOTE — Using the selective bypass mode when encoding an image with an ROI may significantly decrease the compression
efficiency.

If a OxFF value is encountered in the bit stream, then the first bit of the next byte is discarded. The sequence of bits used
in the selective arithmetic coding bypass have been stuffed into bytes using a bit stuffing routine.

At the encoder, bits are packed into bytes from the most significant bit to the least significant bit. Once a complete byte is
the most
significan b1t of the next byte. Once all b1ts of the coding pass have been assembled, the last byte is packed’{o the byte

NOTE|— Since the decoder appends OXFF values, as necessary, to the bit stream representing the coding pass (see Annex D.4.1),
truncatjon of the bit stream may be possible.

D.7 Vertically causal context formation

This stylg of coding constrains the context formation to the current and past code<block scans (four rows of| vertically
scanned cpefficients). That is, any coefficient from the next code-block scan are eonsidered to be insignificant.[The COD
or COC nparker signals whether or not this style of coding is used (see Annex &6-1 and Annex A.6.2).

To illustrgte, the bit labelled 14 in Figure D-1 is decoded as usual using the neighbor states as specified in Figure D-2,
independgnt of whether or not contexts are vertically causal. However when vertically causal context formatipn is used,
the bit labeled 15 is decoded assuming D, =V, = D3 =0 in Figure/D-2.

D.8 Flow diagram of the code-block coding

The steps|for modeling each bit-plane of each code-block can be viewed graphically in Figure D-3. The decisjions made
are in Tabple D-10 and the bits and context sent.tg>the coder are in Table D-11. These show the context without the
selective grithmetic coding bypass or the vertically,causal model.
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Table D-10 — Decisions in the context model flow chart

Decision Question Description
DO Is this the first significant bit-plane for the code-block? Annex D.3
D1 Is the current coefficient significant? Annex D.3.1
D2 Is the context bin zero? (see Table D-1) Annex D.3.1
D3 Did-the-cusrent-coefficientjust-becomesignificant2 AanexD 3.1
D4 Are there more coefficients in the significance propagation?
D3 Is the coefficient insignificant? Annex ID.3.3
D Was the coefficient coded in the last significance propagation? Annex ID.3.3
D7 Are there more coefficients in the magnitude refinement pass?
D Are four contiguous undecoded coefficients in a column each with-a\0’ context? Annex Ip.3.4
D¢ Is the coefficient significant? Annex ID.3.4
DIp Are there more coefficients remaining of the four.eolumn coefficients?
Dijt Are the four contiguous bits all zero? Annex ID.3.4
Dip Are there more coefficients;in the cleanup pass?
Table D-11 — Decoding in the context model flow chart
Code Decoded symbol Context Brief explanation Description
Co _ — Go to the next coefficient or column
i || Nty IHEDL | P st bt et
C2 Signbit cf)?lti:it])l;lal;’e?s Decode sign bit of current coefficient Annex D.3.2
c3 Current rr}agnitude Table D-4, 3 Decode magnitude reﬁnerpent pass bit of current Annet D.3.3
bit context labels coefficient
c D] S | Deemesatren ] amanas
00 First coefficient is first with non-zero bit
s 0 UNIFORM Third coetent s s with nonero it | and Table C-2
11 Fourth coefficient is first with non-zero bit
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Start coding passes, for a code-block bit-plane
Start of

significance no yes
propagation - DO

Start of cleanup pass
yes

Dl yes yes
C4 D11
no
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D2 yes
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Figure D-3 — Flow chart for all coding passes on a code-block bit-plane
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Annex E

Quantization

(This Annex forms a normative and 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 forms of inverse quantization used for the reconstruction of tile-component transform

coefficien
process b

E.1l

For each

following

where s, (

the numbyq

Annex A.

Each dec
Rq,(u,v)

NOTE

scalar

passes

E.1.1

E.1.11

dynamic

For the i]reversible transformation, the quantization step size A, for a given subband b is calculated fr

s. Information about quantizafion of transform coefficients for encoding is also provided. Quanfiza
which the transform coefficients are reduced in precision.

Inverse quantization procedure

transform coefficient (u, v) of a given subband b, the transform coefficient value, 'gs(u, v) is giv

equation

Ny(u, v)
_ M\ )
qp(u,v) = (1-2s,(u,v)) - [ Y, MSB(b,u,v)-2 J ,
i=1
, V), Ny(u,v) and MSB,(b, u,v) are given in Annex D.2, and where M, is retrieved using Equation I

r of guard bits G and the exponent ¢, are specified in the QCD or QCC marker segments (see Annex
b.5)

M, = Gwg,—-1.
ded transform coefficient g5(u, v) of subband b is used to generate a reconstructed transform
as will be described in Annex E.1.1.

— Decoding only Ny(u,v) (see Anfex D.2.1) bit-planes is equivalent to decoding data which has been enco

M, — V(i »)

juantizer with step size 2 - A, for all the coefficients of this code-block. Due to the nature of the th

see Annex D.3), N, (u, x)\may be different for different coefficients within the same code-block.

Irreversible transformation

Determination of the quantization step size

atigé R, of subband b, the exponent g, and mantissa u, as given in Equation E.3.

lHion is the

en by the

E.1

k.2, where

A.6.4 and

E.2

oefficient

led using a

ree coding

bm to the

R, —
A, =20 M
211

E3

NOTE — The denominator, 2! 1, in Equation E.3 is due to the allocation of 11 bits in the codestream for L, as given in Table A-30.

In Equation E.3, the exponent ¢, and the mantissa p, are specified in the QCD or QCC marker segments (see Annex

A.6.4 and Annex A.6.5), and the nominal dynamic range R, (as given by Equation E.4) is the sum of R; (the number of
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bits used to represent the original tile-component samples which can be extracted from the SIZ marker - see Table A-11 in
Annex A.5.1) and the base 2 exponent of the subband gain (gain,,) of the current subband b, which varies with the type of

subband b (levLL, levLH or levHL, levHH - see Annex F.3.1) and can be found in Table E-1

The expot

else signa

the case

Table E-1 — Subband gains

subband b gainy, logy(gainy)
levLL 1 0
levLH > t
levHL 2 1
levHH 4 2

R, = R;+log,(gainy) .

(e,m,) cqrresponding to the N; LL subband, according to Equation E.5

where n,

NOTE

E.1.1.2

(&plp) = (8,— N +ngl,)
denotes the number of decomposition levels from-the original tile-component to the subband b.
— For a given subband b, a quantized transform coefficient may exceed the dynamic range R, .

Reconstruction of the transform coefficient

For the irfeversible transformation, the reconstructed transform coefficient is given by Equation E.6:

where r i

NOTE

= Ny(u, v)

(@ v) +r2" ) - A, for @y, v)>0

) - A, for q:)(u, v)<0
0 for qib(u, v)=0

= — M, - N, >
Rqp(u, v) (@5 v) — 12 b= Ny(u, v)

5 a recoustruction parameter, which can be arbitrarily chosen by the decoder.

—< Th€ reconstruction parameter r may be chosen for example to produce the best visual or objective

recons

E.4

lent/mantissa pairs (g,,lu,) are either signaled in the codestream for every.Subband (expounded quantjzation) or
led only for the N;LL subband and derived for all other subbands (dériyed quantization) (see Tablg A-30). In
{ derived quantization, all exponent/mantissa pairs (g,u,) are derived from the single exponent/mahtissa pair

E.S

E.6

quality for

ruction Generally valnes for »fall in the range of 0<r< 1 and a common valneis » = 1/2 (This note als

applies to

Annex
E.1.2

E.1.2.1

E.1.2).
Reversible transformation

Determination of the quantization step size

For the reversible transformation, the quantization step size A, is equal to one (no quantization is performed).
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Reconstruction of the transform coefficient

For the reversible transformation, the reconstructed transform coefficient Rg,(u, v) is recovered differently depending on

whether all the coefficient bits are decoded, i.e. whether N, (u,v) = M, or Ny(u,v) <M, .

If Ny(u,v) = M, , then the reconstructed transform coefficient Rq,(u, v) is given by Equation E.7.

Rqy(u,v) = qib(u, V)

E.7

If Ny(u,v

E.2

For irreve
transform|

where A,

Equation

For revers

in the codi

where R
of additio

For both geversible and irreversible compression, in order to prevent possible overflow or excursion beyond th

range of t

bits for th

<M, , then the reconstructed transform coefficient Rg,(u, v) 1s given by Equation E.&8.

My, —N,(u, v)

L(qib(u, V) +712 )'AbJ for qib(u, v)>0

= — My — N,y (u,
Rqy(u,v) ((qb(u, V) =12 b= Np(u, v)

)- AJ for qib(u, v)<0
0 for q,(u,v) =0

Scalar coefficient quantization (informative)

rsible compression, after the irreversible forward discrete wavelet\transformation (see Annex F), e
coefficients a,(u, v) of the subband b is quantized to the value g(u, v) according to Equation E.9.

qp(u, v) = sign(ay(u, v)). {
Ab

Iab(u, V)J

is the quantization step size. The exponent '€, “and mantissa p, corresponding to A, can be der

F.5, and must be recorded in the codestream'in the QCD or QCC markers (see Annex A.6.4 and Ann

ible compression, the quantization step size is required to be 1. In this case, a parameter €, has to bg
estream in the QCD or QCC markers (see Annex A.6.4 and Annex A.6.5), and is calculated as

€, = R;+log,(gainy) + (.,

hal bits added by the RCT if the RCT is used, as described in Annex G.2.1.

he integer representation of |g,(u, v)| arising, for example during floating point calculations, the num

E integer representation of ¢, (u, v) used at the encoder side is defined by Equation E.2. The number (

E.8

hch of the

E.9

ived from
bx A.6.5).

recorded

E.10

and gain, are as déscribed in Annex E.1.1, and where , is zero if the RCT is not used and {_. is the number

e nominal
ber M,, of

of guard

bits, has t

be Qppr‘iﬁpd i the Q(‘n Qr Qr‘F marker (see Annex A 6.4 and Annex A 6.3) T} pir‘n] values for the

humber of

guard bitsare G =1 or G =2.
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Annex F

Discrete wavelet transformation of tile-components
(This Annex forms a normative and 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 forward discrete wavelet transformation applied to one tile-component and specifies the inverse
discrete wavelet transformation used to reconstruct the tile-component.

F.1 Tile-component parameters

Consider fhe tile-component defined by the coordinates rcx, tcx, , tcy, and tcy, given in Equation B.12, in Annex B.3.

Then the ¢oordinates (x, y) of the tile-component (with sample values /(x, y) ) lie in the range\defined by:

texgSx<tex; and tey, <y <tcy;. F1

F.2 Discrete wavelet transformations
F.2.1 Low-pass and high-pass filtering (informative)

To perform the forward discrete wavelet transformation (FDWT), this)Recommendation | International Standprd uses a
one-dimefsional subband decomposition of a one-dimensional array, of samples into low-pass coefficients, representing a
downsampled low-resolution version of the original array, and high-pass coefficients, representing a downsampled
residual version of the original array, needed to perfectly reeonstruct the original array from the low-pass array]

To perform the inverse discrete wavelet transformation (IDWT), this Recommendation | International Standjrd uses a
one-dimefsional subband reconstruction of a -ong-dimensional array of samples from low-pass and [high-pass
coefficiens.

F.2.2 Decomposition levels

Each tile-component is transformed into a set of two-dimensional subband signals (called subbands), each representing
the activity of the signal in various frequency bands, at various spatial resolutions. N, denotes the mumber of

decompodition levels.
F.2.3 Discrete waveletfilters (informative)

This Redommendation | International Standard specifies one reversible transformation and one ifreversible
transformption.~ Given that tile-component samples are integer-valued, a reversible transformation requires the
specificatjon/of+a rounding procedure for intermediate non-integer-valued transform coefficients.

F.3 Inverse discrete wavelet transformation

F3.1 The IDWT procedure

The inverse discrete wavelet transformation (IDWT) transforms a set of subbands, a,(u,, v,) into a DC-level shifted tile-

component, /(x,y) (IDWT procedure). The IDWT procedure also takes as input a parameter N, , which represents the

number of decomposition levels (see Figure F-1). The number of decomposition levels N, is signalled in the COD or
COC markers (see Annex A.6.1 and Annex A.6.2).
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_>
ab(ub,vh)
IDWT ‘ I(Xv y)
NL

Figure F-1 — Inputs and outputs of the IDWT procedure

The subbands are labelled in the following way: an index lev corresponding to the decomposition level, followed by two
letters which are either 1.1, HI. T H or HH

The subb
vertically
subband

vertically

(lev-1)LL{ which has been high-pass filtered vertically and low-pass filtered horizontally.|\'he subband b
corresponds to a downsampled version of subband (lev-1)LL which has been high-pass filtered vertically and
filtered hqrizontally.

For a givgn value of NL, only the following subbands are present in the codestream, and in the following of

subbands

For a givgn subband b, the number n;, represents the decomposition level at which it has been generated at t
encoding,|and is given in Table F-1:

ind b = levLL corresponds to a downsampled version of subband (lev-1)LL which has been Jow:p3
and low-pass filtered horizontally. The subband b = OLL corresponds to the original tile:comp
b = levHL corresponds to a downsampled version of subband (lev-1)LL which has been’ low-p4
and high-pass filtered horizontally. The subband b = levLH corresponds to a downsampled version d

are sufficient to fully reconstruct the original tile-component):

N;LL, N;HL, N;LH, N;HH, (N;-1)HL, (N;-1)LH, (N;-1)HH, .1 HL, 1LH, 1HH.

Table F-1 — Decomposition level n;, for subband b

ss filtered
nent. The
ss filtered
f subband
= levHH
high-pass

der (these

he time of

b | NJLL | NHL | NjLH | NHH | (N-DHL | (N-DHL | (N;-DHL | .. | 1HL | 1LH | 1HH

m | Np | ONp N NL N-1 N-1 Nl 1 1

The subbgnds for the case where N; = 2:are' illustrated in Figure F-2.

The IDW|T procedure starts withythe initialization of the variable lev (the current decomposition level) to
2D_SR procedure (see AnnexF.3.2) is performed at every level lev, where the level lev decreases at each iter:

N, itera

Finally, tHe subband ggq;%:(u; ;. vo. ;) 1S the output array I(x, y) .

)
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ions are performed! The 2D_SR procedure is iterated over the levLL subband produced at each

aspriyp Varr)
Uy Vaur)

N, . The
tion, until

iteration.

LH(MZLH’ VZLH) \ A g(Us g Vo)
\ /
@ (U g Vi)
/ IDWT
—> I(x,y)

ay g Vi) | A1 Vi)

Figure F-2 — The IDWT (VL=2)
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lev = N;
Yes
» lev = 0 1(%)’) = a()LL(xay)
No

” Aoy 1yLr=2D_SR(@,, 1 281oy 1Yoy L i Fevime Yoo His Vor Vi )”

v

Figure F-3 — The IDWT Procedure

As definefl in Equation B.15, the indices (u,, v,) of subband coefficients a,(u,, v,) fora given subband b lie in

defined by:

thxy<u, <tbx, and thy,<v, <tby, .

Figure F-3 describes the IDWT procedure.

F.3.2

The 2D_SR procedure

The 2D_$R procedure performs a reconstruction of subband 1oy 1y (U V) from the four subbands g

a1 (1) s ap,, g, v) and a;, (u, v) (see Figure F<4);-The total number of coefficients of the reconstrug
subband ik equal to the sum of the total number of coefficients of the four subbands input to the 2D_SR proc
Figure F-5).

vl

YevHL

" Yevir | 2D_SR | “Cer-DLL
A9evHH
Uy, Uy, Vo, Vq
Figure F-4 — Inputs and outputs of the 2D_SR procedure

First, the four subbands a,,,, ;(u,v), a;,, 1 (4, V), a;,,; (u, v) and a;,,;p5(u, v) are interleaved to form an arr

using the|2D_INTERLEAVE procedure. The 2D_SR procedure then applies the HOR_SR procedure to a
a(u,v), and\finally applies the VER_SR procedure to all columns of a(u,v) to produce the reconstructeq

the range

F2

vLL(u7 v),
ted levLL

edure (see

hy a(u, v)
I rows of

| subband

410y~ 1y (1> v) - Figure F-6 describes the 2D_SR procedure.

AevLL AlevHL

2D_SR ;
— > (lev-1)LL

Aol H AievHH

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

|| a= 2D—INTERLEAVE(alevLL’ AevHL YevLH? YevHE Yoo U1 Vos vl) ||

|| a= HOR_SR(a, ug, uy, v, Vl)"

|| Ajev—1)LL™ VER_SR(a, uy, uy, v, V1)||

F.3.3

As 1illust;

AevLL ¢

those of

The way
given in H
F.3.4

The HOR|
as input aj

and v, <y

As illustr
procedurg

F.3.5

The VER|
input a tw

VoS v<yy

As illustr]
procedurd

Figure F-6 — The 2D_SR procedure

The 2D_INTERLEAVE procedure

ated in Figure F-7, the 2D_INTERLEAVE procedure interleaves the. coefficients of four
1L vt eppy 10 fOrm a(u, v). The values of ug, uy, vy, v, used by'\the’2D_INTERLEAVE pro

tbx, thx |, thy,, thy, corresponding to subband » = (lev-1)LL (se€d¢finition in Equation B.15).
these subbands are interleaved to form the output a(u, v) is,described by the 2D_INTERLEAVE
igure F-8.

The HOR_SR procedure

| SR procedure performs a horizontal subband recenstruction of a two-dimensional array of coefficien
two-dimensional array a(u, v), the horizontal and vertical extent of its coefficients as indicated by

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

hted in Figure F-10, the HOR_SR“\procedure applies the one-dimensional subband reconstructio
) to each row v of the input arcay,u(u, v) , and stores the result back in each row.

The VER_SR procedure

| SR procedure perfornis a vertical subband reconstruction of a two-dimensional array of coefficients.
-dimensional array’ a(u, v) , the horizontal and vertical extent of its coefficients as indicated by u, <

(see Figure’F=1'1) and produces as output a vertically filtered version of the input array, column by g

hted in“Figure F-12, the VER_SR procedure applies the one-dimensional subband reconstructio
) to.each column » of the input array a(u, v) and stores the result back in each column.

subbands
cedure are

procedure

ts. It takes
oSu<u

Trow.

h (ID_SR

It takes as
<u, and

olumn.

h (ID_SR
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QevLL
AlevHL

a ev.
— < OD_INTERLEAVE | ¢
levHH

Ug, Uy, Vo, Vy
—>

Figure F-7 — Parameters of 2D_INTERLEAVE procedure
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( 2D_INTERLEAVE )
|

A 4

h 4
b = levLL b = levHL
uy = (MO/Z-‘ uy = LMO/ZJ
vy = ’7\/’0/2-‘ vy = ’7110/21

—K, :ﬂ

! aQuy, 2vy) = ap(ug, vy) ! I aQu, +1.2v,) = a,(u,. v,) |

Llh =

No

va(VI/Z“ Yes

v

v
b = levLH b = levHH
vy = | vp/2 ] v, = LVO/ZJ

:& :ﬂ

| auy, 2vy + 1) = ay(uy, vy) |

| auy+1,2v,+ D) = ay(u,v,) |

No

vaLvl/ZJ Yes>< Done)

i nH 1. Tha 2D INTEFRILEFAVL ]
TIgurcT™0 THNCUZU_TINTIENIDEZXV I PTottaur T

a(u, v)

—> a(u, v)
Ug, Uy, Vor Y HOR_SR (—»
—_

Figure F-9 — Inputs and outputs of the HOR_SR procedure
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F.3.6

V=VO

10=u0
ll=u1

Ll
v
Y(u) = a(u, v)

A 4
X(u) = ID_SR(Y(w), iy, i,

v

a(u,v) = X(u)

v

VvV =

+1

<>

Yes

Done

Figure F-10 — The HOR_ SR procedure

<

The 1D_SR procedure

As illustrpted in Figure F-13, the 1D_SR procedure takes as input a one-dimensional array Y(i), the ex

coefficiens as indicated by i,<i<i, . It prodices as output an array X, with the same indices (iy, i) .

For signa

s of length one (i.e. i, = i{ 41 ), the ID_SR procedure sets the value of X(i,) to X(iy) = Y(ij)

even integer, and to X(iy) = Y(i)%2 if i, is an odd integer.

For signals of length greatet.than or equal to two (i.e. i,<i; -1 ), as illustrated in Figure F-14, the 1D_SR prog

uses the 1
Y, and

ext>

signal X.

D_EXTR precedure to extend the signal Y beyond its left and right boundaries resulting in the exten
hen uses/thé. ID_FILTR procedure to inverse filter the extended signal Y, and produce the desir

The #P>EXTR and 1D_FILTR procedures depend on whether the 9-7 irreversible wavelet

(irreversiljle transformation) or 5-3 reversible wavelet transform (reversible transformation) is selected: this i

in the CO

120

tent of its

if i, is an

edure first

ded signal
ed filtered
transform

signalled

DorCOC markers (see Annex A.6.1 and Annex A.6.2).

a(u, v)
—

gy 11, v v, | VERZSR
—>

a(u, v)

Figure F-11 — Inputs and outputs of the VER_SR procedure
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u = u,
Ly =V
h =Y
N|
v
Y(v) = a(u,v)

'

X(v) = ID_SR(Y(v), iy i)

v

a(u,v) = X(v)

v

u=u+l

<>

Yes

Figure F-12 — The VER\SR procedure

F.3.7 The 1D_EXTR procedure

As illustipted in Figure F-15, the 1D_EXTR procedure extends signal Y by iy coefficients to the left|and i,
coefficienfs to the right. The extension of thesignal is needed to enable filtering at both boundaries of the signdl.

The first doefficient of Y is coefficient iy, and the last coefficient of signal Y is coefficient i;-1. This extension prpcedure is

known ag “periodic symmetric extension”. Symmetric extension consists in extending the signal with the signal
coefficienfs obtained by a reflection of the signal centered on the first coefficient (coefficient i) for extension fo the left,

and in extending the signal @ith the signal coefficients obtained by a reflection of the signal centered op the last
coefficienf (coefficient i;-1)_for extension to the right. Periodic symmetric extension is a generalisation of Jymmetric

extension|for the more.general case where the number of coefficients by which to extend the signal on any ong side may
exceed th¢ signal lengthi;-i,: this case may happen at higher decomposition levels.

The 1D_HBXTR procedure calculates the values of Y, (i) for values of i beyond the range i, <i<i,, as given ir] Equation
F3:

Y, (i) = Y(PSEy(i,ig i), F3

where PSE (i, iy, i) is given by Equation F.4:

)4 X
~—— | IDSR ——
0l

Figure F-13 — Parameters of the 1D_SR procedure
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Y, =1D_EXTR(Yiy,i;)

v

X=1D_FILTR(Y,,ipi;)

v

Figure F-14 — The 1D_SKR procedure

PSE (i ig, i)) = ig+min( mod(i —ig, 2(i) —ig— 1)), 2(i; —ig— 1) = mod(i — i, 2(i; — ig— 1)) s

F4

Two exterjsion procedures are defined, depending on whether the 5-3 wavelet transformation (1DxEXTRs_3 procedure) or
9-7 wavelgt transformation (1D_EXTRq_7 procedure). The procedures only differ in the minimiim values of the extension

parametetfs (i;,;  and i, for the 5-3 wavelet transformation, and i,  and 7.,

transformhtion) which are given in Table F-2 and Table F-3, and depend on the parity‘of the indices i, and

for the 947 wavelet

| - Values

equal to ¢r greater than those given in Table F-2 and Table F-3 will produce.the same array X at the output of the

1D_IFILTR procedure of Figure F-14.

Table F-2 — Extension to the left

o Tlefirs lefy_,
even 1 3
odd 2 4

Table F-3 — Extension to the right

N lrightL3 lrightL7
odd 1 3
even 2 4

F.3.8 TheAD_FILTR procedure

One reveisiblé filtering procedure 1D FIITR< ;p and one irreversible filtering procedure 1D FIL'TRg nare
depending on whether the 5-3 reversible or 9-7 irreversible wavelet transformation is used.

jef; Light
- |

.EFGFEDCB|A|B|C|D|E|F|G|[F ED CB ABC ..

- >
io ij-1

Figure F-15 — Periodic symmetric extension of signal

specified,
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Y@xt
igi, | ID_FILTR| X
o 10— —

Figure F-16 — Parameters of the 1D_FILTR procedure

As illustrated in Figure F-16, both procedures take as input an extended 1D signal Y,

. the index of the first coefficient i,

and the index of the coefficient i; immediately following the last coefficient (i;-1). They both produce as output signal X.

Both prodedures use lifting-based filtering, which consists in applying to the signal a sequence of very simple filtering
operationf 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 ¢oefficient
values.

F.3.8.1 |The 1D_FILTR; 3z procedure

The 1D_FILT5 3 procedure uses lifting-based filtering in conjunction with rounding-operations. Equation F.5 is first
performed for all values of n indicated, followed by Equation F.6 which uses values<alctlated from Equation F.5:

X(2n) = Yext(zn)—vm(z”_l“jm(z“1)+2J fof BOJSMEJH, ES5
X2n+1) = Yexz(2”+1)+VM'§(—2”12J for E’JSMBJ F6

The valugs of X(k) such that iy <k <, form the output of the\I'D_FILTR5_3 procedure.

F.3.8.2 | The 1D_FILTRg_7; procedure

The 1D-FILTRgy.7; procedure uses lifting-based\ filtering (there is no rounding operation). The lifting parameters
(0, B,v,p) and the scaling parameter K forall filtering steps are defined in the following section (section F.3.8.2.1).

Equation [F.7 describes the two scaling:steps (1 and 2) and the four lifting steps (3 through 6) of the 1ID filtering
performed on the extended signal Y, ,(#) to produce the i;-i, coefficients of signal X. Theses steps are performed in the

following|order.

Firstly, stgp 1 is performed for all values of n such that L%OJ -1<n< L%J +2, and step 2 is performed for all yalues of n

such that I_OJ—ISn<Ll_1J+1.
|2 2

2% -t £, H 1 £ Lt ‘ [} d 1 1 1 =
Then, Stey IS PCTTOTTIIC U TOT i varaT s OT 71~ SUCTT tu(.u J T 5 Ao asTS—varacs \,ul\,ulutuu TIT ct\./ S 1 and 2.

SIS
.
I
—r
|

Then, step 4 is performed for all values of n such that J + 1, and uses values calculated in steps 2 and 3.

DS

+ 1, and uses values calculated in steps 3 and 4.

Then, step 5 is performed for all values of n such that %0 <n< L%‘

Finally, step 6 is performed for all values of n such that V J <n< L%J , and uses values calculated in steps 4 and 5.
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X(2n) = KY,_(2n)

X@2n+1) = (1/K)Y, (2n+1)
X(2n) = X(2n) - 8(X(2n— 1)+ X(2n+ 1)) [STEP3]
X(2n+1) = X2n+ 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) - 0(X(2n) + X(2n +2)) [STEP6]

[STEP1]
[STEP2]

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

E7

The values of X(k) such that iy < k<i; form the output of the 1D_FILTR| procedure.

F.3.8.2.1

The filtering parameters (o, B, v, 8, K) are defined in Table F-4, in terms of parameters g, from Table F-5, and {

Filtering parameters for the 1D_FILTR¢_;; procedure

arameters

(rg» 71> Soolty) from Table F-6. The parameters g, are defined in terms of parameters x, , Rx3, and ‘xz‘z given in [Table F-7.

All tables

give a closed-form expression for all parameters, including approximationg up.to 15 decimal points. | -

Table F-4 — Definition of lifting parameters for the 9-7\irreversible filter

5x,(48]x,|* = 169x, + 3)/32

Parameter Exact expression Approximate value
* -2,/ 11,586 134 342 059 924
P g/7) -0.052 980 118 572 961
v r/ 8§ 0.882911 075 530 934
8 s/t 0.443 506 852 043 971
K 1/1, 1.230 174 104 914 001
Table F-5 — Definition of coefficients g,,
n coefficients g, approximate value of g,
0

-0.602 949 018 236 360

=

124

—5x1(8‘x2‘z -Rx,)/8

0.266 864 118 442 875

2

5x, (4| + 4%tx, — 1)/16 0.078 223 266 528 990
3 —5x,(Rx,)/8 -0.016 864 118 442 875
4 5x,/64 -0.026 748 757 410 810
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Table F-6 — Intermediate expressions (ry,r1,5,ty)

F4

F4.1

The forw4
set of sub

input the

Parameter Exact expression Approximate value
fo - 80+28184/8; 1.449 513 704 087 943
f —8y+ 84 +8184/83 0.318 310 318 985 991
50 81 —83—8&3ry/Ty 0.360 523 644 801 462
to Fo—2r 0.812 893 066 115 961
Table F-7 — Intermediate expressions
Parameter Exact expression Approximate, value
A
,[63-144/15 0.128'030 244 703 494
1080./15
B
_,[03+ 1415 -0.303 747 672 895 197
1080./15
Xy A+ B 416 -0.342 384 094 858 369
Rax
? —(A;'B)—é -0.078 807 952 570 815
2 (A+B) 172 3(4-B)*
[_2 + 6} + 25220 | 0.146 0341820 982 800

Forward transformation (informative)

The FDWT procedure (informative)

rd discrefe wavelet transformation (FDWT) transforms DC-level shifted tile-component samples /(
bands-with coefficients ap(u,, v,) (FDWT procedure). The FDWT procedure (see Figure F-17) als

number of decomposition levels N, signalled in the COD or COC markers (see Annex A.6.1 a

L y) into a
b takes as

hd Annex

A.6.2).

I(x,y)
FDWT > ay(uyvy)
NL
_>

Figure F-17 — Inputs and outputs of the FDWT procedure
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ayp(Uyrrs Varr) \

@ (U s Vo) — ]

a1 VoL ) ay (U
= 1L\ HL

G (U g Vo) — |

I(x,y)

s ViEL)

FDWT,

ay gy e v | G e Vi)

As illustrd

The FDW

setting th¢ subband a; ; (uy;,, vy, ;) to the input array I(u, v). The 2D_SD procedureTis performed at every |l

where the}
iterated o

As define

Figure F-
F4.2
The 2D_S

into four

The total
subbands

Figure F-18 — The FDWT (N;=2)

ted in Figure F-18, all the subbands in the case where N;=2 can be represented in the following way

T procedure starts with the initialization of the variable /ev (the current decomposition level) to zer

ver the levLL subband produced at each iteration.

1 in Annex B (see Equation B.15), the coordinates of the subband\'a,,,, ; (4, v) lie in the range define
thxy<u<tbx, and tby,£y<tby, .

9 describes the FDWT procedure.

The 2D_SD procedure (informative)

D procedure performs a decomposition ef-a two-dimensional array of coefficients or samples a ;|

proups of subband coefficients a;,, (@ V), a;,, 5 (V) 5 ap,, g1, V), and a;, gy, v).
resulting from the 2D_SD, precedure.

lev = 1
agr(u,v) = I(u,v)

126

||(alevLL’alevHL’alevLH’alevHH)ZZD—SD(a(lev— NHLL Yo U1 Vo Y )”

v

Figure F-19 — The FDWT procedure

b, and and

evel lev,

level lev increases by one at each iteration, and until N, iterations are’performed. The 2D_SD prpcedure is

d by:

F.8

l)LL(u7 V)

humber of coefficients of the.-%¢vLL subband is equal to the sum of the total number of coefficients ¢f the four
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AevLL
a —_
(lev—1)LL a1, 1L
> 2D_SD ‘a—V
Uy, Uy, Vi Vy levLH
—> AievHH

Figure F-20 — Inputs and outputs of the 2D_SD procedure

Figure F-20 describes the input and output parameters of the 2D_SD procedure.

Figure F-PT illustrates the subband decomposition performed by the 2D_SD procedure.

AevLL AevHL
Ajev—1)LL 2D_SD

AevLH AevHH

Figure F-21 — One-level decomposition into four subbands.(2D_SD procedure)

The 2D_$D procedure first applies the VER_SD procedure to all columns of a(u, v). It then applies the [HOR_SD

procedurg to all rows of a(u, v). The coefficients thus obtained from)a(u, v) are deinterleaved into the four|{subbands
using the PD_DEINTERLEAVE procedure.

Figure F-22 describes the 2D_SD procedure.
F4.3 The VER_SD procedure (informative)

The VER| SD procedure performs a vertical subband decomposition of a two-dimensional array of coefficiengs. It takes
as input the two-dimensional array a,,, ), x(w!v), the horizontal and vertical extent of its coefficients as indlicated by

ug<u<u| and vy <v<v, (see Figure F-23)'and produces as output a vertically filtered version a(u, v) of the iput array,
column bly column. The values of ugu,, vy, v, used by the VER_SD procedure are those of tbx, thx,, 1by,, tby,

corresponding to subband b = (lev— 1)LL (see definition in Equation B.15).

As illustrpted in Figure F24) the VER_SD procedure applies the one-dimensional subband decomposition (1D_SD
procedurg) to each columnof the input array a(u, v), and stores the result back into each column.

(2D_SD)

”a: VER_SD(a(leV_ DLL Hos U Vos vl)”

||a= HOR_SD(a, u, uy, v, Vl)”

|| (alevLL’ QevHL YevLH alevHH) = ZD—DEINTERLEAVE(H’ Ug, Uy, Vo, vl)”

Figure F-22 — The 2D_SD procedure
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a(u, v)

—> a(u, V)
uO) u]’ v05 v] VER_SD
—>

Figure F-23 — Inputs and outputs of the VER_SD procedure

u = u,
fh =V
ll = Vl
3
X(v) = a(u,v)

!

Y(v) = ID_SD(X(v), iy, i)

!

a(u,v) = Y(v)

v

u=u+l

v

o>

Yes

Done

Figure®-24 — The VER_SD procedure

F4.4 The HOR_SD procedure (infermative)

The HOR_SD procedure performs a horizontal subband 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 indlicated by
ug<u<u| and vy<v<v, ((seeFigure F-25) and produces as output a horizontally filtered version of the inputfarray, row
by row.

As illustrpted in_Figure F-26, the HOR_SD procedure applies the one-dimensional subband decompositiop (1D_SD
procedurd) to, éach row of the input array a(u, v) and stores the result back in each row.

F4.5 “Fhe2D—BDEINTEREFAVE procedure-tinformative)

As illustrated in Figure F-27, the 2D_DEINTERLEAVE procedure deinterleaves the coefficients of a(u, v) into four
subbands. The arrangement is dependent on the coordinates (u, v,) of the first coefficient of a(u, v) .

a(u,v) (.7)
—> a(u, v

Ug, Ups Vs V) HOR_SD A
—>

Figure F-25 — Inputs and outputs of the HOR_SD procedure
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The way

!

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

!

a(u,v) = Y(u)

v

Vv =

=<

Yes

+1

<

Figure F-26 — The HORSD procedure

these subbands are formed from the output’a(u,v) of the HOR_SD procedure is describe

2D_DEINTERLEAVE procedure illustrated in Figure'F-27.

F4.6

As illustrpted in Figure F-29, the 1D_SDtprocedure takes as input a one-dimensional array X(i), the ext
coefficiens as indicated by i, <i <, (It produces as output an array ¥(i), with the same indices (i, ;) .

For signal

even integ

For signals of length-greater than or equal to two (i.e. i, <i; — 1), as illustrated in Figure F-30, the 1D_SD proc

uses the 1|D_EXTD.procedure to extend the signal X beyond its left and right boundaries resulting in the exten
and ]hen uses the 1D_FILTD procedure to filter the extended signal X,,, and produce the desired filtered §

X

exr

The 1D_SD procedure (informative)

s of length one (i.e.-f5= i, -1 ), the 1D_SD procedure sets the value of Y(iy) to Y(iy) = X(i,)

er, and to Y(iy) ={(2X(i,) if i, is an odd integer.

d by the

ent of its

f i, is an

edure first

led signal
ignal Y.

a(u,v)

2D_DEINTERLEAVE

Up Uy Vo, V)

AevLL

AevHL

AjevLH
AevHH
»

»

Figure F-27 — Parameters of 2D_DEINTERLEAVE procedure
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CZD_DEINTERLEAV@

A4

b = levLL

u, = (uO/ZW

vy = ’71/0/2-‘
:ﬂ

v
b = levHL
uy = | up/2 |
vy = [ve/2]

:ﬂ

i T V) — u\ﬁub,“vb} i

I
| Ty, V) = aQ2i, ¥ 1, 27;)

b = levLH
u, = (uo/f‘

No

vy 2 LVI/ZJ

Yes

b = levHH
uy = LMO/ZJ
vy, = LVO/ZJ

:n

| ay(uy,vy) = aCuy+1,2v, + 1) |

No

vy 2 LVI/ZJ

Figure F-28 — The 2D_DEINTERLEAVE procedure

Lo 11

1D_SD

Figure F-29 — Parameters of the 1D_SD procedure
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X,., = ID_EXTD(X, iy, i})

v
v

Figure ¥-5U — The 1D_>SD procedure

F4.7 The 1D_EXTD procedure (informative)

The 1D_KEXTD procedure is identical to the 1ID_EXTR procedure, except for the values of the\; ety tright,

and i | parameters, which are given in Table F-8 and Table F-9.

right

Table F-8 — Extension to the left

iy Uefty_, bep,
even ) 4
odd 1 3

Table F-9 — Extension to the right

I lr[ght573 lrighz‘gi7
odd 2 4
even 1 3

F.4.8 The 1D_FILTD procedure (informative)

This Recgmmendation | International Standard specifies one irreversible procedure (1D_FILTDg_ ;1) and one

i
77 lefts_;

reversible

filtering procedure (1D=FILTD5_3r), depending on whether the 9-7 irreversible or 5-3 reversible wavelet trangformation

is selected.

As illustrgtedin Figure F-31, both procedures take as input an extended 1D signal X, the index of the first coeffficient i,

and the indexof thecoefficrent 77 mmedtately fottowingthe tast coeffierent (7=~ They bothproduceamroutpu
The even-indexed coefficients of the Y signal are a low-pass downsampled version of the extended signal X, ;,
odd-indexed coefficients of the signal Y are a high-pass downsampled version of the extended signal X, ;.

XEXI '

i 1 1D_FILTDf—»

Figure F-31 — Parameters of the 1D_FILTD procedure
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F.4.8.1 The 1D_FILTDs 3, procedure (informative)

The reversible transformation described in this section is the reversible lifting-based implementation of filtering by the 5-
3 reversible wavelet filter. The reversible transformation is defined using lifting-based filtering. The odd-indexed

coefficients of output signal Y are computed first for all values of n such that (%ﬂ -1<n< (%ﬂ as given in Equation F.9:

F9

Y2n+1) = X, (2n+ 1){)(%[(2”) +,;(ext(2n+2)J'

Then the ¢ven-indexed coefficients of output signal ¥ are computed from the even-indexed values of extended pignal X, ,

and the odd-indexed coefficients of signal Y for all values of n such that (%ﬂ <n< (%ﬂ as given in Equation F.[0:

Y(ZI’I) - Xexr(zn)+\‘Y(2n—l)+§(2n+1)+2J F10

The valuep of Y(k) such that i, <k <i; form the output of the 1D_FILTDg procedure.

F.4.8.2 [The 1D_FILTD; procedure (informative)

The irrevgrsible transformation described in this section is the lifting-based. DWT implementation of filtering py the 9-7
irreversible filter.

Equation |[F.11 describes the four lifting steps (1 through 4) and the’ two scaling steps (5 and 6) of the 1D filtering
performed on the extended signal X,,,(n) to produce the i;-i, coefficients of signal Y. Theses steps are perforined in the

following|order.

Firstly, st¢p 1 is performed for all values of n such that { %ﬂ -2<n< (%1 +1.

Then, step 2 is performed for all values of n such that %0 -1<n< (

—

+ 1, and uses values calculated at step

Then, step 3 is performed for all values of n such that %0 -1<n< ( , and uses values calculated at step 1 ahd 2.

Then, step 4 is performedyfor all values of n such that %0 <n< (%ﬂ , and uses values calculated at steps 2 and| 3.

2
W‘_” Ly ] o

1 1 1 It 4
‘ — ‘ dITUTRTS VATUTS TAICUTaiTUdaiSicp =,

Finally, step 5 is performed for all values of n such that F_ﬂ -1<n< (%ﬂ and uses values calculated at step 3, [and step 6

iy
2

b 1.C 11l 1 il 1 41 -
1S perme TU 10T all valucs Of 77 suclIT trat

:
|

YQn+1) =X, (2n+ 1) +o(X, (2n) + X, (2n+2)) [STEP1]
Y(2n) = X,_(2n) + B(Y(2n— 1)+ Y(2n + 1)) [STEP2]

YQn+1)=Y2n+1)+y(Y(2n) + Y(2n+2))  [STEP3] Fl1l
Y(2n) = Y(2n) + 8(Y(2n—1) + Y(2n + 1)) [STEP4]
YQn+1)=KY2n+1) [STEPS]
Y(2n) = (1/K)Y(2n) [STEP6]
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where the values of the lifting parameters o, 3, v, 8, and K are defined in Table F-4.

The values of Y(k) such that i, <k <i; form the output of the 1D_FILTDj procedure.
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Annex G

DC level shifting and multiple component transformations
(This Annex forms a normative and 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 DC level shifting that converts the signed values resulting from the decoding process to the proper
reconstru¢ted samples.

This Anngx also describes two different multiple component transformations. These multiple component.transfprmations
are used fo improve compression efficiency. They are not related to multiple component transformations us¢d to map
colour valjues for display purposes. One multiple component transformation is reversible and maysbe used fqr lossy or
lossless cpding. The other is irreversible and may only be used for lossy coding.

G.1 DC level shifting of tile-components

Figure G-|l shows the flow of DC level shifting in the system with a multiple component transformation.

sample | Forward Forward Forward , Inverse Inverse recqnstructed
® | DC level #{component [®| wavelet coding | wavelet (g component {gm{Inverse I.)C Pdample
shift trans. trans. transg trans. level shift

Figure G-1 — Placement of the DC level shifting with component transformation

Figure G- shows the flow of DC level shifting in the systém without a multiple component transformation.

sample| | Forward Forward . Inverse recqnstructed
- |DClevel ¥ wavelet coding | wavelet | peiInverse I,)C dample
shift trans. trans. level shift

Figure G-2 — Placement of the DC level shifting without component transformation

G.1.1 DC level shifting of tile-components (informative)

DC level $hifting is performed on samples of components that are unsigned only. It is performed prior to comgjutation of
a forward|multiple component transformation (RCT or ICT), if one is used. Otherwise it is performed prior to the wavelet
transformption described in Annex F. If the MSB of Ssiz' from the SIZ marker segment (see Annex A.5.1) ik zero, all
samples I{x,y)(of)the ith component are level shifted by subtracting the same quantity from each sample as follows

I(x,y) < I(x,y) -2 ", G.1
G.1.2 Inverse DC level shifting of tile-components

Inverse DC level shifting is performed on reconstructed samples of components that are unsigned only. It is performed
after to 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 Annex A.6.1) is zero, all samples I(x,y) of the ith component are level shifted by adding the same quantity
from each sample as follows

I(x,y) < I(x,y) + 2S‘”-ZL1 . G.2
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NOTE — Due to quantization effects, the reconstructed samples I(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.

G.2 Reversible multiple component transformation (RCT)

The use of the reversible multiple component transformation is signaled in the COD marker segment (see Annex 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 eedpstreams to
provid¢ lossy compression.

G.2.1 Forward RCT (informative)
Prior to applying the Forward RCT, the image component samples are DC level shifted, for unsigried componejnts.

The Forwprd RCT is applied to components /(x,y), I;(x,y), I,(x,y) as follows:

Yo(x,») = Vo(x’y)+211(:’y)”2("’y)J G3
Y](x’y)=12(x’y)—11(an) G4
Y,(x,y) = Iy(x, P51 (x, ) G.5

If 1y, I;, apd I, are normalized to the same precision, then Equation G.4 and Equation G.5 result in a numeric pfecision of
Y, and Y>|that is one bit greater than the precision of-the original components. This increase in precision is ndcessary to
ensure reyersibility.

G.2.2 Inverse RCT

After the |nverse wavelet transformation is preformed as described in Annex F, the following Inverse RCT is applied:

L(x,y) = Yo(x,y) - LWJ G.6
Iy(x,y) = Y,(x, ) +1;(x,») G.7
Lyx,y) = Y(x,»)+1,(x,¥) G.8

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

G.3 Irreversible multiple component transformation (ICT)

This section specifies an irreversible multiple component transformation. The use of the irreversible component
transformation is signaled in the COD marker segment (see Annex A.6.1). The ICT shall be used only with the 9-7
irreversible filter. The ICT is a decorrelating transformation applied to the first three components of an image (indexed as
0, 1 and 2). The three components input into the ICT shall have the same separation on the reference grid and the same
bit-depth.
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Forward ICT (informative)

The Forward ICT is applied to image component samples Iy(x,y), I;(x,y), I,(x,y), as follows:

Yo(x,y) = 0,2991(x, y) + 0,5871,(x,y) + 0,1141,(x, )

Y (x,3) = -0,168 75 Iy(x, y) — 0,331 26 OI,(x, y) + 0.5 I,(x, )

Y,(x,y) = 0.5 Ij(x,y)-0,418 69 I,(x, y)-0.081 31 I,(x, y)

G.9

G.10

G.11

NOTE

G.3.2

After inve

Equation
the Invers|

G4

The relati
described

— If the first three components are Red, Green and Blue components, then the Forward ICT is of a YCbCttran:

Inverse ICT
rse wavelet transformation is performed as described in Annex F, the following InverseICT is applie
To(x,y) = Yo(x, y) + 1,402 Y, (x, )
1,(x, ) = Yo(x,7)-0,344 13 Y, (x, »)—0,714 14 Y,(x, 1)
Lix,y) = Yolx, )+ 1,772 Y (x, )

(G.12, Equation G.13, and Equation G.14 do not imply a required precision for the coefficients. Afte
e ICT, the unsigned image component samples are inverse’DC level shifted.

Chrominance component sub-sampling and the reference grid

onship between the components and the referénce grid is signaled in the SIZ marker (see Annex A
in Annex B.2.

formation.

&

G.12
G.13
G.14

" applying

\.5.1) and
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Annex H

Coding of images with regions of interest
(This Annex forms a normative and 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 region of interest (ROI) technology. An ROI is a part of an image that is coded earlier in the
codestreafn than the rest of the image (the background). The coding 1s also done in such a way that the information
associated with the ROI precedes the information associated with the background. The method used (and\described in
this Annek) is the Maxshift method.

H.1 Decoding of ROI

The procgdure specified in this section is applied only in the case of the presence of an RGN marker segment (jndicating
the preser]ce of an ROI).

The procgdure realigns the significant bits of ROI coefficients and background\ eoefficients. It is defined |using the
following|steps:

1) Get the scaling value, s, from the SPrgn parameter of the RGN marker segmgnt in the
codestream (Annex A.6.3). The following steps (253 and 4) are applied to each coefficjent (u, v)
of subband b.

2) If Ny(u, v) <M, (see definition of N,(u%) in Annex D.2.1 and of M, in Equation E.2), then no
modification takes place.
3) If Ny(u,v)>M, and if at least.one of the first M, (see definition in Annex E|[1) MSBs
(i = 1,...,M,) is non-zerosthen the value of Ny(u, v) is updated as Ny(u,v) = M, .
4) If Ny(u, v) 2 M, and ifall first M, MSBs are equal to zero, then the following modifidations are
made:

a) discard the first s MSBs and shift the remaining MSBs s places, as described in Equjation H.1,
fori =1,...,M,

MSB; , (b, u,v) ifi+s<N,(u,v)

MSB(b,u,v) = T+ . H.1
0 ifit+s>N,(u,v)
b) update the value of N,(u, v) as given in Equation H.2
NG, v) = max(0, N (&, V) —5) - H.2

H.2 Description of the Maxshift method
H.2.1 Encoding of ROI (informative)

The encoding of the quantized transform coefficients is done in a similar way to encoding without any ROIs. At the
encoder side an ROI mask is created describing which quantized transform coefficients must be encoded with better
quality (even up to losslessly) in order to encode the ROI with better quality (up to lossless). The ROI mask is a bit map
describing these coefficients. See Annex H.3 for details on how the mask is generated.
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The quantized transform coefficients outside of the ROI mask, called background coefficients, are scaled down so that the
bits associated with the ROI are placed in higher bit-planes than the background. This means that when the entropy coder
encodes the quantized transform coefficients, the bit-planes associated with the ROI are coded before the information
associated with the background.
The method can be described using the following steps:

1) Generate ROI mask, M(x, y) (Annex H.3).

2) Find the scaling value s (Annex H.2.2).

3) Add s LSB’s to each coefficient |g,(u, v)| . The number M, of magnitude bit-planes will then be

My = My+s H.3
where M, is given by Equation E.2 and the new value of each coefficient is given by
|y, V)| = |q,(u, V)| 20 H.4

4) Scale down all background coefficients given by M(x,y) using/the scaling value s ($ee Annex
H.3). Thus, if |g,(u, v)| is a background coefficient given byM(x,y), then

‘qb(u9 V)‘

s

‘qb(u, v)‘ = H.5

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

After these steps the quantized transform coefficients are entropy coded as usual.

H.2.2 Selection of scaling value, s, at encoder:side (informative)

The scalipg value, s, may be chosen so that Equation H.6 holds, where max(M},) is the largest number of maghitude bit-
planes, sep Equation E.1, for any background coefficient, gz5(x,y) in any code-block in the current component

s 2max(M,) H.6

This guarpntees that the scaling\value used will be sufficiently large to ensure all the significant bits associated with the
ROI will be in higher bit-planes than all the significant bits associated with the background.

H.3 Remarks©on region of interest coding (informative)

The ROI functionality described in Annex H.2 depends only on the scaling value chosen on the encoder side [and hence

only on the amplitude of the coefficients on the decoder side. It is up to the encoder to generate a mask that c¢rresponds

ti th e ante thaot nood 0 ha on daduuath battar onaliey 0 2ol d o0 DOV oath hattar onaliey thopo tho D k T nd
o the coctfictents-that-need-to-be-encoded—with-betterquatity-to-yield-an RO with-betterquality-thanthe Bdckground.

Annex H.3.1 describes how to generate the ROI mask for a particular region in the image. Annex H.3.2 describes how to
generate the mask in the case of multi-component images and Annex H.3.3 describes how to generate the ROI mask for
disjoint regions. Annex H.3.4 describes a possible way to deal with the increase of coefficient bit depth. Annex H.3.5
describes how the ROI mask can be extended so as to not correspond exactly to a region in the image domain and how the
Maxshift method may be used to encode the ROI and the Background with different quality.

H.3.1 Region of interest mask generation

To achieve an ROI with better quality than the rest of the image while maintaining a fair amount of compression, bits
need to be saved by sending less information for the background. To do this an ROI mask is calculated. The mask is a bit-
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| leonjentl ||

X:g

Figure H-1 — The inverse wavelet transformation with the 5-3 reversible filter

plane indjcating a set of quantized transform coefficients whose coding is sufficient in order for the rg¢ceiver to
reconstrugt the desired region with better quality than the background (up to lossless).

To illustrgte the concept of ROI mask generation, let us restrict ourselves to a single ROI ahd a single image cdmponent,
and identiffy the samples that belong to the ROI in the image domain by a binary mask; \M{(x, y), where

M(x,y) = { 1 wavelet coefﬁciet?t xy) i.s needéd . 17
0 accuracy on (x,y) can be sacrificed withgut\affecting ROI

The masklis a map of the ROI in the wavelet domain so that it has a nfon=zero value inside the ROI and O outside. In each
step the I{L sub-band of the mask is then updated row by row and\thén column by column. The mask will then indicate
which cogfficients are needed at this step so that the inverse wavelet transformation will reproduce the coeffici¢nts of the
previous tnask.

For example, the last step of the inverse wavelet transformation is a composition of two sub-bands into one. Th¢n to trace
this step Hackwards, one finds the coefficients of bothsub-bands that are needed. The step before that is a composition of
four sub-Pands into two. To trace this step backwards, the coefficients in the four sub-bands that are needed to give a
perfect regonstruction of the coefficients included in the mask for two sub-bands are found.

All steps pre then traced backwards to give the mask. If the coefficients corresponding to the mask are transtitted and
received, pnd 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).

Given belpw is a description-0f-how the expansion of the mask is acquired from the various filters. Similar mgthods can
be used far other filters.

H.3.1.1 |Region of-interest mask generation using the 5-3 reversible filter

In order tp get'the optimal set of quantized coefficients to be scaled, the following equations described in tHis section
should befuged:

To see what coefficients need to be in the mask, the inverse wavelet transformation is studied. Equation F.5 and Equation
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), L(n+1), H(n-1), H(n), H(n+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.3.1.2 Region of interest mask generation using the 9-7 irreversible filter

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 described in this section should be used.
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Low High
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XS

Figure H-2 — The inverse wavelet transformation with the 9-7 irreversible filter

To see what coefficients need to be in the mask, the inverse wavelet transformation is studied as innAnnex H.3.].1. Figure
H-2 shows this.X(2n) and X(2n+1) are even and odd indexed points respectively, related toythet origin of thg reference
grid.

The coefficients needed to reconstruct X(2n) and X(2n+1) losslessly can immediately be.seen to be L(n-1) to Li(n+2) and
H(n-2) to|H(n+2). Hence if X(2n) and X(2n+1) are in the ROI, those Low and High\sub-band coefficients are inf the mask.

H.3.2 Multi-component remark

For the cake 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 créated in the same way as the mask for the non-down-
sampled domponents.

H.3.3 Disjoint regions remark
If the ROJ consists of disjoint parts then all parts have the’same scaling value s.
H.3.4 Implementation precision remark

This ROI|coding method might in some casés:Create situations where the dynamic range is exceeded. This is however
easily solyed by simply discarding the least;significant bit-planes that exceed the limit due to the down-scaling|operation.
The effecy will be that the ROI will have better quality than the background, even though the entire bit stream i decoded.
It might hpwever create problems when the image is coded with ROI's in a lossless mode. Discarding least signiificant bit-
planes for the background might\result in the background not being coded losslessly and in the worst case|not being
reconstrugted at all. This depends on the dynamic range available.

H.3.5 An example-of the usage of the Maxshift method

The Maxshift method, as described above, allows the user/application to specify multiple regions of arbitrpry shape,
which wi]l beassigned higher priority compared to the rest of the image. The method does not require efjcoding or
decoding pf4he ROI shape.

The Maxshift method allows the implementers of an encoder to exploit a number of functionalities that are supported by
a compliant decoder. For example, it is possible to use the Maxshift method to encode an image with different quality for
the ROI and the Background. The image is quantized so that the ROI gets the desired quality (lossy or lossless) and then
the Maxshift method is applied. If the image is encoded progressively by layer, not all of the layers of the wavelet
coefficients belonging to the background need be encoded. This corresponds to using different quantization steps for the
ROI and the Background.

If the ROI is to be encoded losslessly the most optimal set of wavelet coefficients giving a lossless result for the ROI is

described by the mask generated using the algorithms described in Annex H.3.1 However, the Maxshift method supports
the use of any mask since the decoder does not need to generate the mask. Thus, it is possible for the encoder to include
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an entire sub-band, e.g. the low-low sub-band, in the ROI mask and thus send a low-resolution version of the background
at an early stage of the progressive transmission. This is done by scaling all the quantized transform coefficients of the
entire sub-band. In other words, the user can decide in which sub-band he will start coding ROI and thus, it is not
necessary 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 a normative and integral part of this Recommendation | International Standard. This Annex is optional
for the minimum decoder.)

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.

L1 File format scope

This Anngx of this Recommendation | International Standard defines an optional file format that applications may choose
to use to wrap JPEG 2000 compressed image data. While not all applications will use this format, many applicgtions will
find that this format meets their needs. However, those applications that do implement this file format shall implement it
as described in this entire Annex of this Recommendation | International Standard.

This Anngx of this Recommendation | International Standard
— specifies a binary container for both image and metadata
— specifies a mechanism to indicate image properties, such as thetenescale or colourspace of the image

— specifies a mechanism by which readers may recognizekthe existence of intellectual propgrty rights
information in the file

— specifies a mechanism by which metadata (including vendor specific information) can be ifcluded in
files specified by this Recommendation | Internatienal Standard

1.2 Introduction to the JP2 file format

The JPEG 2000 file format (JP2 file format) providésia foundation for storing application specific data (mgtadata) in
association with a JPEG 2000 codestream, suchn@$ information which is required to display the image.|As many
applications require a similar set of information-to be associated with the compressed image data, it is useful to|define the
format of [that set of data along with the definition of the compression technology and codestream syntax.

Conceptuplly, the JP2 file format encapsulates the JPEG 2000 codestream along with other core pieces of information
about thaf codestream. The building=block of the JP2 file format is called a box. All information contained within the JP2
file is enchpsulated in boxes. This-Recommendation | International Standard defines several types of boxes; the|definition
of each specific box type defines the kinds of information that may be found within a box of that type. Some boxes will
be defined to contain other bexes.

1.2.1 File identification

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

be given fhé file extension “.jp2” (readers should allow mixed case for the alphabetic characters). On Macintosh file

M [ b
systems, JP2HHesshould-begiventhe type-ecode—"1p2\040=

L.2.2 File organization

A JP2 file represents a collection of boxes. Some of those boxes are independent, and some of those boxes contain other
boxes. The binary structure of a file is a contiguous sequence of boxes. The start of the first box shall be the first byte of
the file, and the last byte of the last box shall be the last byte of the file.

The binary structure of a box is defined in Annex 1.4.
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JP2 file

JPEG 2000 Signature box (1.5.1)

File Type box (1.5.2)

JP2 Header box (superbox) (1.5.3)
Image Header box (1.5.3.1)

Bits Per Component box (1.5.3.2)
Colour Specification box 0 (1.5.3.3)

' Colour Specification box n—115.3.3)

Paleticbox (1534) i
Component Mapping box (1L53.5) |
Channel Definition box (153.6) |
Resolution box (superbox)_(IS_?aT) ]
"Capture Resolution box (15.37.1) |
| MDefault Display Resolution box (15.37.3) |
L . _a _l

UUID boxes (1.7.2)

UUID Info boxes (superbox) (1.7.3)
| [UUID List box 1231 |
| [Data Entry UREbox (1.7.3.2) |

FigureI-1 — Conceptual structure of a JP2 file

Logically] the structure of a JP2{ile.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, thqse mandatory boxes within the optional box shall exist. If the optional box does not exist, then the mandatory
boxes within those boxes-shall also not exist.

Figure I-1 specifiesconly the containment relationship between the boxes in the file. A particular order of those boxes in
the file is [not g€nerally implied. However, the JPEG 2000 Signature box shall be the first box in a JP2 file, thg File Type
box shall |immediately follow the JPEG 2000 Signature box and the JP2 Header box shall fall before the (ontiguous
Codestredmbex:

The file shown in Figure I-1 is a strict sequence of boxes. Other boxes may be found between the boxes defined in this
Recommendation | International Standard. However, all information contained within a JP2 file shall be in the box
format; byte-streams not in the box format shall not be found in the file.

As shown in Figure I-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.
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1.2.3 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 specifies the colourspace. In this Recommendation |
International Standard, images in the SRGB colourspace and greyscale images can be defined using the enumerated
method.

The JP2 file format also provides for the specification of the colourspace of an image by embedding a restricted form of
an ICC profile in the file. That profile shall be of either the Monochrome or Three-Component Matrix-Based class of
input profiles as defined by the ICC Profile Format Specification, ICC.1:1998-09. This allows for the specification of a
wide rangge sreyseate-ard-RGB-class-colourspaces—as—weH-as-afew-otherspaces-that-can-berepresented-bythose two
profile clgsses. See Annex J.9 for a more detailed description of the legal colourspace transforms, how those transforms
are stored|in the file, and how to process an image using that transform without using an ICC colour managemejnt engine.
While resfricted, these ICC profiles are fully compliant ICC profiles and the image can thus be processed through any
ICC compliant engine that supports profiles as defined in ICC.1:1998-09.

In additiop 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 multiple-component form by the
translatiofp from index space to multiple-component space. Any such depalettization is applied before the coloprspace is
interpretefl. In the case of palettized images, the specification of the colourspace ofi\the’image is applied to theg multiple-
componeijt values stored in the palette.

.24 Inclusion of opacity channels

The JP2 fjle format provides a means to indicate the presence of auxiliary channels (such as opacity), to define the type of
those chapnels, and to specify the ordering and source of those channels (whether they are directly extracted from the
codestreapn or generated by applying a palette to a codestream component). When a reader opens the JP2 file, it will
determing the ordering and type of each component. The application must then match the component defipition and
ordering from the JP2 file with the component ordering‘as defined by the colourspace specification. Onge the file
componeijts have been mapped to the colour channels, the decompressed image can be processed through apy needed
colourspale transformations.

In many qpplications, components other than the colour channels are required. For example, many images us¢d on web
pages contain opacity information; the browser uses this information to blend the image into the background| It is thus
desirable o include both the colour and atixiliary channels within a single codestream.

How applications deal with opacity or other auxiliary channels is outside the scope of this Recommg¢ndation |
Internatiopal Standard.

1.2.5 Metadata

One impqrtant aspect<of the JP2 file format is the ability to add metadata to a JP2 file. Because all infofmation is
encapsulated in boxes, and all boxes have types, the format provides a simple mechanism for a reader to extra¢t relevant
informati¢n, while ignoring any box that contains information that is not understood by that particular reader. I this way,
new box¢s.‘can be created, either through this or other Recommendations | International Standards ¢r private

implemel tatton: AIDU, any 1nmcw box-added-to-aHP2fite-shattnot uhauéc the-vistrat appearance of-the iulaéc.
I.2.6 Conformance with the file format

All conforming files shall contain all boxes required by this Recommendation | International Standard, and those boxes
shall be as defined in this Recommendation | International Standard. Also, all conforming readers shall correctly interpret
all required boxes defined in this Recommendation | International Standard and thus shall correctly interpret all
conforming files.
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L3 Greyscale/Colour/Palettized/multi-component specification architecture

One of the most important aspects of a file format is that it specifies the colourspace of the contained image data. In order
to properly 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
colourspace in which the image is encoded. This method handles the specification of SRGB and greyscale images.
Extensionsto this method can be nsed to QpP(‘ifV other (‘nlnnrcpm‘eq in(‘lnding the definition of mn]ti-(‘nmpnnent images.

For example, the image file may indicate that a particular image is encoded in the sRGB colourspace.) T properly
interpret gnd display the image, an application must natively understand the definition of the SRGB colourspacg¢. Because
an applicgtion must natively understand each specified colourspace, the complexity of this method"is'dependent on the
exact colqurspaces specified. Also, complexity of this mechanism is proportional to the number, of colourspaces that are
specified pnd required for conformance. While this method provides a high level of interoperability for imagds encoded
using colpurspaces for which correct interpretation is required for conformance, this method is very infleyible. This
Recommgndation | International Standard defines a specific set of colourspaces for which interpretation is rgquired for
conformapce.

L.3.2 Restricted ICC profile method

An applidation may also specify the colourspace of an image using two(restricted types of ICC profiles. THis method
handles the specification of the most commonly used RGB and greysedle class colourspaces through a low-gomplexity
method.

An ICC profile is a standard representation of the transformation required to convert one colourspace info another
colourspafe. With respect to the JP2 file format, an ICC prefile defines how decompressed samples from the cpodestream
are convefted into a standard colorspace (the Profile Connection Space (PCS)). Depending on the original coloprspace of
the samplps, this transformation may be either very simple or very complex.

The ICC Profile Format Specification defines two specific classes of ICC profiles that are simple to implement, feferred to
within thq profile specification as Monochrome-Input and Three-Component Matrix-Based Input Profiles. These profiles
limit the transformation from the source, golourspace to the PCSx to the application of a non-linearity curve{and a 3x3
matrix. It|is practical to expect all applications, including simple devices, to be able to process the image thirough this
transformption. Thus all conforming, applications are required to correctly interpret the colourspace of any fmage that
specifies fhe colourspace using this'subset of possible ICC profile types.

For the JP2 file format,, profiles shall conform to the ICC profile definition as defined by the ICC Profile Format
Specificaffion, ICC.1:1998+09, as well as the restrictions specified above. See Annex J.9 for a more detailed desfription of
the legal folourspaee, fransforms, how those transforms are stored in the file, and how to process an image [using that
transform|withoutwsing an ICC colour management engine.

L.3.3 Using multiple methods

Architecturally, the format allows for multiple methods to be embedded in a file and allows other standards to define
additional enumerated methods and to define extended methods. This provides readers conforming to those extensions a
choice as to what image processing path should be used to interpret the colourspace of the image. However, the first
method found in the file (in the first Colourspace Specification box in the JP2 Header box) shall be one of the methods as
defined and restricted in this Recommendation | International Standard. A conforming reader shall use that first method
and ignore all other methods (in additional Colourspace Specification boxes) found in the file.
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Palettized images

In addition to specifying the interpretation of the image in terms of colourspace, this Recommendation | International
Standard allows for the decoding of a single component where the value of that single component represents an index
into a palette of colours. Input of a decompressed sample to the palette converts the single value to a multiple-component
tuple. The value of that tuple represents the colour of that sample; that tuple shall then be interpreted 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.

1.3.5

Interactions with the decorrelating multiple component transform

The specihcation of colour within the JP2 file format is independent of the use of a multiple component trang

within thg
colourspal
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Figure I-2 — Example of the box description figures
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AA BB

Figure I-3 — Example of the superbox description figures

For example, the superbox shown in Figure I-3 must contain an AA box and a BB box, and the BB box must follow the
AA box. However, there may be other boxes found between boxes AA and BB. Dealing with unknown boxes is discussed
in Annex L.8.

14 Box definition

Physically, each object in the file is encapsulated within a binary structure called a box. That binary strug¢ture is as
follows:

ST T 7/

97,

LBox TBox XLBox

DBox

Figure I-4 — Organization of a Box

LBox: Box Length. This field specifies the length of the box, stered as a 4-byte big endian unsigngd integer.
This value includes all of the fields of the box, including'the length and type. If the value of this field is
1, then the XLBox field shall exist and the value ofthat field shall be the actual length of the pox. If the
value of this field is 0, then the length of the box¢was not known when the LBox field was pritten. In
this case, this box contains all bytes up to theeénd of the file. If a box of length 0 is contaiped 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 arereserved for 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\uhsigned integer. However, boxes are generally referred to by an
ISO 646 character string translation of the integer value. For all box types defined within this
Recommendation | Internpational Standard, box types will be indicated as both charagter string
(normative) and as 4-byte hexadecimal integers (informative). Also, a space character is shown in the
character string trafislation of the box type as ‘“\040”. All values of TBox not defined wWithin this
Recommendation | International Standard are reserved for ISO use.

XLBox:Box Extended Length. This field specifies the actual length of the box if the value of the LBox field is
1. This field is stored as an 8-byte big endian unsigned integer. The value includes all of the figlds of the
box, including the LBox, TBox and XLBox fields.

DBox: Box, ‘Contents. This field contains the actual information contained within this box. The format of the
bex contents depends on the box type and will be defined individually for each type.
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Field name Size (bits) Value

LBox 0,1,or
32 8 — (2321

TBox 32 Variable

XLBox 64 16 — (2%4-1); if LBox = 1
0 Naot annlicabhle:- 3 f 1T Baov -« 1

150 o K
DBox Variable Variable

For example, consider the following illustration of a sequence of boxes, including one box that sontains other poxes:

Box 0

Box 1

Box 2

Box 3

Box 4

LBox,

LBox,

LBOX]

LBOX3

Figure I-5 — Illustration of box lengths

LBoxy

As shown| in Figure I-5, the length of each box includes any’boxes contained within that box. For example, thg length of
Box 1 inclludes the length of Boxes 2 and 3, in addition to'the LBox and TBox fields for Box 1 itself. In this dase, if the
type of B¢x 1 was not understood by a reader, it would not recognize the existence of boxes 2 and 3 because they would
be complgtely skipped by jumping the length of box 1 from the beginning of box 1.

The folloywing table lists all boxes defined by this Recommendation | International Standard. Indentation within the table

indicates

he hierarchical containment strficture of the boxes within a JP2 file:

Table I-2 — Defined boxes

Box name Type Superbox Required? Comments
JPEG 2000 Signattirebox P\040\040’ No Required This box uniquely identifies the
(0x6A50 2020) file as being part of the JPEG 2p00
family of files.
File Type‘box “ftyp’ No Required This box specifies file type, vef-
(0x6674 7970) sion and compatibility informa-
tion, including specifying if this
file is a conforming JP2 file or if it
can be read by a conforming JP2
reader.
JP2 Header box jp2h’ Yes Required This box contains a series of boxes
(0x6A70 3268) that contain header-type informa-
tion about the file.
Image Header box ‘ithdr’ No Required This box specifies the size of the
(0x6968 6472) image and other related fields.
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Table I-2 — Defined boxes (continued)

Box name Type Superbox Required? Comments
Bits Per Component ‘bpec’ No Optional This box specifies the bit depth of
box (0x6270 6363) the components in the file in cases
where the bit depth is not constant
across all components.
Colour Specification ‘colr’ No Required This box specifies the colourspace
box (0x636F 6C72) of the image.
Palette box ‘pelr’ No Optional This box specifies the palette
(0x7063 6C72) which maps a single component in
index space to a multiplé=compo-
nent image.
Component Mapping ‘cmap’ No Optional This box specifies the mapping
box (0x636D 6170) between dpalette and codestrepm
comporents.
Channel Definition box | ‘cdef’ No Optional This,box specifies the type and
(0x6364 6566) ordering of the components within
the codestream, as well as thode
created by the application of afpal-
ette.
Resolution box ‘res\040’ Yes Optional This box contains the grid resdlu-
(0x7265 7320) tion.
Capture Resolution ‘resc’ No Optional This box specifies the grid res¢lu-
box (0x7265 7363) tion at which the image was cdp-
tured.
Default Display ‘resd’ No Optional This box specifies the default grid
Resolution box (0x7265 7364) resolution at which the image
should be displayed.
Conjtiguous Codestream jp2c No Required This box contains the codestrepm
box| (0X6A70 3263) as defined by Annex A of this Rec-
ommendation | International Sfan-
dard
Intdllectual Property box jp2i° No Optional This box contains intellectual
(0x6A70 3269) property information about the
image.
XML box xml\040’ No Optional This box provides a tool by wljich
(0x786D 6C20) vendors can add XML formatted
information to a JP2 file.
UUID box ‘uuid’ No Optional This box provides a tool by which
(0x7575 6964) vendors can add additional infor-
mation to a file without risking
conflict with other vendors.
UUID Info box ‘uinf” Yes Optional This box provides a tool by which
(0x7569 6E66) a vendor may provide access to

additional information associated
with a UUID
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Box name Type Superbox Required? Comments
UUID List box ‘ulst’ No Optional This box specifies a list of
(0x7563 7374) UUID’s.
URL box ‘url\040’ No Optional This box specifies a URL.
(0x7572 6C20)
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I.5 Defined boxes

The following boxes shall properly be interpreted by all conforming readers. Each of these boxes conforms to the
standard box structure as defined in Annex 1.4. The following sections define the value of the DBox field from Table I-1
(the contents of the box). It is assumed that the LBox, TBox and XLBox fields exist for each box in the file as defined in
Annex 1.4.

L51 JPEG 2000 Signature box

The JPEG 2000 Signature box identifies that the format of this file was defined by the JPEG 2000 Recommendation |
International Standard as well as prnviqu a small amonnt of information which can hP]p determine the vali ity of the
rest of th file. The JPEG 2000 Signature box shall be the first box in the file, and all files shall contain one(angl only one
JPEG 2000 Signature box.

The type ¢f the JPEG 2000 Signature box shall be ‘jP\040\040’ (0x6A50 2020). The length of this box'shall bg 12 bytes.
The contgnts of this box shall be the 4-byte character string ‘<CR><LF><0x87><LF>" (0xODOA 870A). For file
verificatign 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 applicdtion to detect a common|set of file
transmissjon errors. The CR-LF sequence in the contents catches bad file transfers that alter newline sequgnces. The
control-Z|character in the type stops file display under MS-DOS. The final lingfeed checks for the inverse of the CR-LF
translatiof problem. The third character of the box contents has its high-bit¢set-to catch bad file transfers that clear bit 7.
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1.5.2 File Type box

The File Type box specifies the Recommendation | International Standard which completely defines all of the contents of
this file, as well as a separate list of readers, defined by other Recommendations | International Standards, with which this
file is compatible, and thus the file can be properly interpreted within the scope of that other standard. This box shall
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 f the File Type Box shall be ‘ﬂvp’ (0x6674 7970) The contents of this box shall be as follows:
- - 7 r - - "

TO "
_CL

N-1
— L_CL;__I

BR MinV

Figure I-6 — Organization of the contents of a File Type box

BR: Brand. This field specifies the Recommendation | International Standard 'which completely dpfines this
file. This field is specified by a four byte string of ISO 646 character$, The value of this field|is defined

in Table I-3:
Table I-3 — Legal Brand values
Value Meaning
jp2\040’ 1S 15444-1, Annex I (This Recofmmeéndation | International Standard)
other values Reservedfor other ISO uses

In addition, the Brand field shall berconsidered functionally equivalent to a major version pumber. A
major version change (if there eyer’is one), representing an incompatible change in the JP2 fijle format,
shall define a different value for the Brand field.

If the value of the Brand._fi€ld is not ‘jp2\040’, then a value of ‘jp2\040’ in the Compatjbility list
indicates that a JP2 reader can interpret the file in some manner as intended by the creator of the file.

MinV: Minor version. This parameter defines the minor version number of this JP2 specification forwhich the
file complies. The parameter is defined as a 4-byte big endian unsigned integer. The value of this field
shall be zer6. However, readers shall continue to parse and interpret this file even if the vajue of this
field is not.zero.

CLI: Comipatibility list. This field specifies a code representing this Recommendation | International
Standard, another standard, or a profile of another standard, to which the file conforms. This field is
encoded as a four byte string of ISO 646 characters. A file that conforms to this Recommgndation |
International Standard shall have at least one CL' field in the File Type box, and shall contair] the value
‘ip2\040” in one of the CL! fields in the File Type box, and all conforming readers shal| properly
interpret all files with ‘jp2\040’ in one of the CL' fields.

Other values of the Compatibility list field are reserved for ISO use.
The number of CL! fields is determined by the length of this box.
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Table I-4 — Format of the contents of the File Type box

Field name Size (bits) Value
BR 32 0— (2%%-1)
MinV 32 0
cL! 32 0—(@%-1)
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JP2 Header box (superbox)

The JP2 Header box contains generic information about the file, such as 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
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

readers. T
Standard

ihdr

ihdr:

bpcc:

colr':

pclr:

cdef:

res:

cmap:

DD D D D

bpcc colr” colr™ pclr cmap cdef

Figure I-7 — Organization of the contents of a JP2 Header box

Image Header box. This box specifies information about the image, such as its height and
structure is specified in Annex 1.5.3.1. This box shall be the fizst'box in the JP2 Header box.

Bits Per Component box. This box specifies the bit depthhof each component in the codest
decompression. Its structure is specified in Annex 1.5.3.27 This box may be found anywhere
Header box provided that it comes after the Image‘Header box.

Colour Specification boxes. These boxes specify the colourspace of the decompressed im;
structures are specified in Annex 1.5.3.3. Thete’shall be at least one Colour Specification box
JP2 Header box. The use of multiple Colour Specification boxes provides the ability for a dec
given multiple optimization or compatibility options for colour processing. These boxes may
anywhere in the JP2 Header box-provided that they come after the Image Header box. A
Specification boxes shall be contigious within the JP2 Header box.

Palette box. This box definés the palette to use to create multiple components from a single ¢
Its structure is specified-itr Annex 1.5.3.4. This box may be found anywhere in the JP2 H
provided that it comesafter the Image Header box.

Component Mapping box. This box defines how image channels are identified from
components Aisthe codestream. Its structure is specified in Annex 1.5.3.5. This box may
anywhere/in the JP2 Header box provided that it comes after the Image Header box.

Channel\ Definition box. This box defines the channels in the image. Its structure is specified|
1.5.3¢6- This box may be found anywhere in the JP2 Header box provided that it comes after
Header box.

Resolution box. This box specifies the capture and default display grid resolutions of the

ontains several boxes Other boxes mav be defined in other standards and mav be ignand by (‘nnforming
hose boxes contained within the JP2 Header box that are defined within this Recommendation | Tnf
ire as follows:

ernational

|_\L\J

width. Its

eam after
in the JP2

hge. Their
within the
oder to be
be found
111 Colour

mponent.
eader box

he actual
be found

in Annex
the Image

image. Its

structure is specified in Annex 1.5.3.7. This box may be found anywhere in the JP2 H

cader box

provided that it comes after the Image Header box.
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1.5.3.1

Image

Header box

This box contains fixed length generic information about the image, such as the image size and number of components.
The contents of the JP2 Header box shall start with an Image Header box. Instances of this box in other places in the file
shall be ignored. The length of the Image Header box shall be 22 bytes, including the box length and type fields. Much of
the information within the Image Header box is redundant with information stored in the codestream itself.

All references to “the codestream” in the descriptions of fields in this Image Header box apply to the codestream found in
the first Contiguous Codestream box in the file. Files that contain contradictory information between the Image Header
box and the first codestream are not conforming files. However, readers may choose to attempt to read these files by using

ad

athaa tho trao

the values

The type

faou
TOHHE

f the Image Header box shall be ‘ihdr’ (0x6968 6472) and contents of the box shall have the followi
C IPR
HEIGHT WIDTH | NC
BPC UnkC

HEIGHT:Image area height. The value of this parameter indicates’the’height of the image area. T

WIDT

NC:

BPC:

Wt Tt e-Coaestreart:

Figure I-8 — Organization of the contents of an Image Heéadeér box

stored as a 4-byte big endian unsigned integer. The value ©f this field shall be Ysiz — YOsiz, ¥
and YOsiz are the values of the respective fields in the,SIZ/marker in the codestream. See Figy
an illustration of the image area. However, reference, 'grid points are not necessarily square;
ratio of a reference grid point is specified by th€ Résolution box. If the Resolution box is n
then a reader shall assume that reference grid points are square.

H:Image area width. The value of this parameter indicates the width of the image area. T
stored as a 4-byte big endian unsignedsinteger. The value of this field shall be Xsiz — XOsiz, V|
and XOsiz are the values of the respective fields in the SIZ marker in the codestream. See J
for an illustration of the image;drea. However, reference grid points are not necessarily §
aspect ratio of a reference grid point is specified by the Resolution box. If the Resolution
present, then a reader shall assume that reference grid points are square.

Number of components:-This parameter specifies the number of components in the codestrg
stored as a 2-byte big.endian unsigned integer. The value of this field shall be equal to the v
Csiz field in thetSIZ marker in the codestream.

Bits per component. This parameter specifies the bit depth of the components in the codestre
1, and is stored as a 1-byte field.

If thebit depth is the same for all components, then this parameter specifies that bit depth ar
equivalent to the values of the Ssiz' fields in the SIZ marker in the codestream (which s

hg format:

his field is
here Ysiz
re B-1 for
the aspect
bt present,

nis field is
here Xsiz
figure B-1
quare; the
box is not

am and is
hlue of the

Am, minus

1d shall be
hall all be
P2 Header

equal). If the components vary in bit depth, then the value of this field shall be 255 and the J
box shall also contain a Bits Per Component box defining the bit depth of each component
in Annex 1.5.3.2).

as defined

158

The low 7-bits of the value indicate the bit depth of the components. The high-bit indicates whether the
components are signed or unsigned. If the high-bit is 1, then the components contain signed values. If

the high-bit is 0, then the components contain unsigned values.

Compression type. This parameter specifies the compression algorithm used to compress
data. The value of this field shall be 7. It is encoded as a 1-byte unsigned integer. Other
reserved for ISO use.

the image
values are

UnkC:Colourspace Unknown. This field specifies if the actual colourspace of the image data in the
codestream is known. This field is encoded as a 1-byte unsigned integer. Legal values for this field are
0, if the colourspace of the image is known and correctly specified in the Colourspace Specification
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boxes within the file, or 1, if the colourspace of the image is not known. A value of 1 will be used in
cases such as the transcoding of legacy images where the actual colourspace of the image data is not
known. In those cases, while the colourspace interpretation methods specified in the file may not
accurately reproduce the image with respect to some original, the image should be treated as if the
methods do accurately reproduce the image. Values other than 0 and 1 are reserved for 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 Annex 1.6. Other values are reserved for ISO use.

Table I-5 — Format of the contents of the Image Header box

Field name Size (bits) Value
HEIGHT 32 1— @232
WIDTH 32 1—@%-0
NC 16 1—16384
BPC 8 See Table I-6
C 8 7
Unk 8 0—1
IPR 8 0—1

Table I-6.>— BPC values

Values (bits) Component sample precision
MSB LSB P piep

x000 0000 — Component bit depth = value + 1. From 1 bit deep through 38 bits
x010 0101 deep respectively (counting the sign bit, if appropriate)
0XXX XXXX: Components are unsigned values
1xxX XXXX Components are signed values
1111 1111 Components vary in bit depth

All other values reserved for ISO use.
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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.

The type of the Bits Per Component Box shall be ‘bpcc’ (0x6270 6363). The contents of this box shall be as follows:

RPCNC!

11

BPC?

Figure I-9 — Organization of the contents of a Bits Per Component hox

BPC!: Bits per component. This parameter specifies the bit depth of component7, minus 1, encod
byte value. The ordering of the components within the Bits Per Component Box shall be the s
ordering of the components within the codestream. The number of BPC' fields shall be the s
value of the NC field from the Image Header box. The valu€ Of this field shall be equiva
respective Ssiz' field in the SIZ marker in the codestream.

The low 7-bits of the value indicate the bit depth of this Component. The high-bit indicates W
component is signed or unsigned. If the high-bit is 1,‘then the component contains signed va
high-bit is 0, then the component contains unsignedwalues.

Table I-7 — Format of the contents of the Bits Per Component box

ed as a 1-
hme as the
hme as the
ent to the

hether the
ues. If the

Field name Size (bits) Value
BPC! 8 See Table I-8
Table I-8 — BPC! values
Values (bits) Component sample precision
MSB L.SB

x000 0000 — Component bit depth = value + 1. From 1 bit deep through 38 bits
x010:0101 deep respectively (counting the sign bit, if appropriate)
0xxX XXXX Components are unsigned values
1XXX XXXX Components are signed values

All other values reserved for ISO use.
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Colour Specification box

Each Colour Specification 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 image data after it has been decompressed and
after any reverse decorrelating component transform has been applied to the image data.

A JP2 file may contain multiple Colour Specification boxes, but must contain at least one, specifying different methods
for achieving “equivalent” results. A conforming JP2 reader shall ignore all Colour Specification boxes after the first.
However, readers conforming to other standards may use those boxes as defined in those other standards.

The type
follows:

box is as

f a Colonr Qppr‘iﬁr‘aﬁnn hox shall be ‘colr’ (Ox636F 6C72) The contents of a Colour Qper‘iﬁ(‘min

PREC

-7- T//
Enmes (/)
METH 4 PROFILE

APPROX
Figure I-10 — Organization of the contents of a Colour Specification box

METH:Specification method. This field specifies the method used by. this Colour Specification bo
the colourspace of the decompressed image. This field is ‘eneoded as a 1-byte unsigned in
value of this field shall be 1 or 2, as defined in Table I-9.

PREC:Precedence. This field is reserved for ISO use and-thé. value shall be set to zero; however, ¢
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 sp

to define
eger. The

nforming

ecification

method approximates the “correct” definition of the colourspace. The value of this field shalll be set to

zero; however, conforming readers shall“ignore the value of this field. Other values are re
other ISO use. This field is specifiedias 1 byte unsigned integer.

EnumCS:Enumerated colourspace. This field specifies the colourspace of the image using integer
correctly interpret the colour®©f an image using an enumerated colourspace, the application 1
the definition of that colourspace internally. This field contains a 4-byte big endian unsign
value indicating the coleurspace of the image. If the value of the METH field is 2, then thg
field shall not exist. Valid EnumCS values for the first colourspace specification box in confor]
are limited to 16.and 17 as defined in Table I-10:

PROFILE:ICC profile. This field contains a valid ICC profile, as specified by the ICC Profi
Specification, which specifies the transformation of the decompressed image data into the
field shall not exist if the value of the METH field is 1. If the value of the METH field is 2, thd

berved for

codes. To
hust know
ed integer
EnumCS
ming files

e Format
PCS. This
n the ICC

profile shall conform to the Monochrome Input Profile class or the Three-Component Mafrix-Based

Input Profile class as defined in ICC.1:1998-09.
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Table I-9 — Legal METH values

Value Meaning

1 Enumerated Colourspace. This colourspace specification box contains the
enumerated value of the colourspace of this image. The enumerated value is
found in the EnumCS field in this box. If the value of the METH field is 1,
then the EnumCS shall exist 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
imthe PROFILE Tield This profife shatt specify te transtormarion needed 10
convert the decompressed image data into the PCSyvy, and shall conform to
either the Monochrome Input or Three-Component Matrix-Based Input profile
class, and contain all the required tags specified therein, as defined in
ICC.1:1998-09. As such, the value of the Profile Connection Space field in the
profile header in the embedded profile shall be ‘XYZ\040’ (0x5859 5A20)
indicating that the output colourspace of the profile is in the XYZ.colourspace.

Any private tags in the ICC profile shall not change the visual appearance of
an image processed using this ICC profile.

The components from the codestream may have a range, gréater than the input
range of the tone reproduction curve (TRC) of the I€Cprofile. 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 com-
ponents may be clipped to zero before pracessing the image data through the
profile.

See Annex J.9 for a more detailed deseription of the legal colourspace trans-
forms, how those transforms aresstored 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 2ythen the PROFILE field shall immediately follow
the APPROX field and-the PROFILE field shall be the last field in the box.

other values Reserved for otherISO use. If the value of METH is not 1 or 2, there may be
fields in this box'following the APPROX field, and a conforming JP2 reader
shall ignore:the entire Colour Specification box.
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Table I-10 — Legal EnumCS values

Value Meaning
16 sRGB as defined by IEC 61966-2-1
17 greyscale: A greyscale space where image luminance is related to code values

using the SRGB non-linearity given in Eqs. (2) through (4) of IEC 61966-2-1
(sRGB) specification:

Y = Yg,/255 L1

for(Y <0,04045), Y, = Y/12,92

Y +0,055)%4 12
fOl’(Y > 0,040 45), Ylin = (W)
where Y};, is the linear image luminance value in the range 0.0 to/1.0% The
image luminance values should be interpreted relative to the reference condi-
tions in Section 2 of IEC 61966-2-1.

other values Reserved for other ISO uses

Table I-11 — Format of the contents of the Colour Specification box

Field name Size (bits) Value
METH 8 1—2
PREC 8 0
APPROX Q 0
EnumCS 32.3#METH=1 0— (221
0 if METH=2 no value
PROFILE . Variable; see the ICC Profile Format
Variable . . .
Specification, version ICC.1:1998-09.
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1.5.34 Palette box

The palette specified in this box is applied to a single component to convert it into multiple components. The colourspace
of the components generated by the palette is then interpreted based on the values of the Colour Specification boxes in the
JP2 Header box in the file. The mapping of an actual component from the codestream through the palette is specified in
the Component Mapping box. 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.

The type of the Palette box shall be ‘pclr’ (0x7063 6C72). The contents of this box shall be as follows:

NE:

Bi:

NPC:

7/
NE G
NPC 0.0 CONPC—1

- ]

Y
N
N\

7

CNE—I ,0 CNE—I JNPC—1

Figure I-11 — Organization of the contents of the Palette box

Number of entries in the table. This value shall be in the range 1 to 1 024 and is encoded as a
endian unsigned integer.

Number of components created by the application of the palette. For example, if the pale
single index component into a three-component RGB image, then the value of this field shall
field is encoded as a 1-byte unsigned integer

This parameter specifies the bit depthiof generated component i, encoded as a 1-byte big endi
The low 7-bits of the value indicate;the bit depth of this component. The high-bit indicates W
component is signed or unsigned. If the high-bit is 1, then the component contains signed va

high-bit is 0, then the component contains unsigned values. The number of B! values shall b¢

as the value of the NPC field.

The generated compopent value for entry j for component i. Clt values are organized in d
major order; alliof the component values for entry j are grouped together, followed by all of
for componentj#1. The size of C'" is the value specified by field B'. The number of componer]
the same as the NPC field. The number of C/! values shall be the number of created compg
NPC field) tfimes the number of entries in the palette (NE). If the value of B' is not a multiple
eachC* value is padded with zeros to a multiple of 8 bits and the actual value shall be stored
ofder bits of the padded value. For example, if the value of B' is 10 bits, then the individual
shall be stored in the low 10 bits of a 16 bit field.

2-byte big

[te turns a
be 3. This

an integer.
hether the
ues. If the
the same

omponent
the entries
ts shall be
nents (the
of 8, then
n the low-
" values

Table I-12 — Format of the contents of the Palette box
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Field name Size (bits) Value
NE 16 1—1024
NPC 8 1 —255
B! 8 See Table I-13
ci Variable Variable
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Table I-13 — B! values

Values (bits) Component sample precision
MSB LSB P piep
x000 0000 — Component bit depth = value + 1. From 1 bit deep through 38 bits
x010 0101 deep respectively (counting the sign bit, if appropriate)
0xxXX XXXX Components are unsigned values

IXXX XXXX

Components are signed values
T =

All other values reserved for ISO use.
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1.5.3.5

Component Mapping box

The Component Mapping box defines how image channels are identified from the actual components decoded from the
codestream. This abstraction allows a single structure (the Channel Definition box) to specify the colour or type of both

palettized images and non-palettized images. This box contains an array of CMP', MTYP' and PCOL! fields. Each group
of these fields represents the definition of one channel in the image. The channels are numbered in order starting with
zero, and the number of channels specified in the Component Mapping box is determined by the length of the box.

If the JP2 Header box contains a Palette box, then the JP2 Header box shall also contain a Component Mapping box. If
the JP2 Header box does not contain a Palette box, then the JP2 Header box shall not contain a Component Mapping box.

In this cagd

The type

166

C, NC componcents Snall be mapped direCly to cnanncls, suci thdt component ¢ 1S mapped to Cnannel

L.

f the Component Mapping box shall be ‘cmap’ (0x636D 6170). The contents of this box shall(be-as follows:

pcoL PCOL™

CcMPY CMP"
MTYP? MTYP"?

Figure I-12 — Organization of the contents of a Channel Définition box

CMP': This field specifies the index of component from the codestréam that is mapped to this chanpel (either

directly or through a palette). This field is encoded as a 2-byte big endian unsigned integer.

MTYP!: This field specifies how this channel is generatedAtém the actual components in the file. This field is

encoded as a 1-byte unsigned integer. Legal valu€s of the MTYP! field are as follows:

Table I-14 — MTXP" field values

Value Meaning

0 Direct use. This chanbel 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 Palettesmapping. This channel is created by applying the palette to an actual
compoiient in the codestream. The index of the component mapped into the
palette is specified in the CMP" field for this channel. The column from the
palette to use is specified in the PCOL! field for this channel.

2 —255 Reserved for ISO use

PCOL!:Fhis field specifies the index component from the palette that is used to map the actual

omponent

from the codestream. This field is encoded as a 1-byte unsigned integer. If the value of the M[TYP' field

for this channel is 0, then the value of this field shall be 0.

Iable 1-15 — Format ol the contents oi the Component VMlapping box

Field name Size (bits) Value
CMP! 16 1 — 16 384
MTYP! 8 0—1
PCOL! 8 0— 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.

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 meay-specif—muliple-deseriptionsfor-a-sinele-channelhowever—the-type-valuetn-each-deseriptiontoy the same
channel shall be the same in all descriptions.

If a multiple component transform is specified within the codestream, the image must be in an RGB colourspage and the
red, green and blue colours as channels 0, 1 and 2 in the codestream, respectively.

The type ¢f the Channel Definition box shall be ‘cdef’ (0x6364 6566). The contents of this box«Shall be as follpws:

N | cn Typ0 Asoc? CnN_*l"ypN_1

Asoc

N—1

Figure I-13 — Organization of the contents of a Channel Definition box

N: Number of channel descriptions. This field specifieS.the number of channel descriptions inf this box.
This field is encoded as a 2-byte big endian unsigned/integer.

Cn': Channel index. This field specifies the index of the channel for this description. The value of this field
represents the index of the channel as defined within the Component Mapping box (or fhe actual
component from the codestream if the.filé’does not contain a Component Mapping box). This field is
encoded as a 2-byte big endian unsigned integer.

Typ': Channel type. This field specifiesdhe type of the 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 P-byte big

endian unsigned integer. Legal values of this field are shown in Table I-16:

Asoc': Channel association. <Fhis field specifies the index of the colour for which this channel {s directly
associated (or a special value to indicate the whole image or the lack of an association). For ekample, if
this channel is an opacity channel for the red channel in an RGB colourspace, this field woulld specify
the index of-the’ colour red. Table I-17 specifies legal association values. Table I-18 speciifies legal
colour indices: This field is encoded as a 2-byte big endian unsigned integer.

The valugs in Table 4918 specify indices that have been assigned to represent specific “colours” and do n¢t refer to
specific channels (6r ¢omponents within the codestream or palette). Readers must use the information contained within
the Chanrjel Defifiition box to determine which channels contain which colours.

In this box,\channel indices are mapped from particular components within the codestream or palette. Colopr indices
specify how that channel shall be interpreted based on the specification of the colourspace of the image.

For example, the green colour in an RGB image is specified by a {Cn, Typ, Asoc} value of {i, 0, 2}, where i is the index
of that channel (either directly or as generated by applying the reverse multiple component transform to the actual
components in the codestream). Applications that are only concerned with extracting the colour channels can treat the
Typ/Asoc field pair as a four-byte value where the combined value maps directly to the colour indices (as the Typ field for
a colour channel shall be 0).

In another example, the codestream may contain a channel i that specifies opacity blending samples for the red and green
channels, and a channel j that specifies opacity blending samples for the blue channel. In that file, the following {Cn,
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Table I-16 — ’I‘ypi field values

Value Meaning
0 This channel is the colour image data for the associated colour
1 Opacity. A sample value 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 chan-
nel) 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:

o

SP=S><(X L3

max

where § is the original sample, S, is the pre multiplied sample (the sample
stored in the image, o is the value of the opacity chafnel, and «,,,, is the

maximum value of the opacity channel as defined by the bit depth of the
opacity channel.

3— (216—2) Reserved for ISO use

216 The type of this channel is not specified

Table I-17 — Asoe'field values

Value Meaning

0 This channel is as§eciated as the image as a whole (for example, an indepen-
dent opacity channel that should be applied to all color channels).

1—(2'%-2) This channél.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 spedification of the colourspace of this image. For example, indicating that
a channel is associated with the red channel of an RGB image allows the
reader to associate that decoded channel with the Red input to an ICC profile
contained within a Colour Specification box. Colour indicators are specified in
Table I-18

21694 This channel is not associated with any particular colour

Typ, Asod} tuples would be found in the Channel Definition box for the two opacity channels: {i, 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 Typi and Asoc' value pair, with the exception of

Typi and Asoc' values of 2'°-1 (not specified). For example a JP2 file in an RGB colourspace shall only contain one green
channel, and a greyscale image shall contain only one grey channel. There also shall not be more than one opacity or
premultiplied opacity channel associated with a single colour channel in an image.

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
shall be found within the JP2 Header box with a complete list of channel definitions. However, if this file contains a
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Table I-18 — Colours indicated by the Asoc field
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Colour indicated by the following value of the Asoc! field
Class of
colourspace | ’ 3 4
RGB R G B
Greyscale Y

The following colourspace classes are listed for future reference, as well as to aid in
understanding of the use of the Asoc' field

XYZ X Y Z

Lab L a b

Luv L u v

YG,.C, Y Cy C,

Yxy Y X y

HSV H S W

HLS H L S

CMYK C M Y K
CMY C M Y

Jab J a b

n colour | 2 3 4
colourspaces

Table I-19 — Format of the Channel Definition box

X, the component specified as input to the palette in the Component Mapping box is not itself directl
el and thus shall not be.listed in the Channel Definition box.

Parameter Size (bits) Value
N 16 0— (21
Ca' 16 o—l6 4
Typ' 16 0—2'%-1)
Asoc! 16 0—(2'6-1)

© ISO/IEC 2000 — All rights reserved
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1.5.3.7  Resolution box (superbox)

This box specifies the capture and default display grid resolutions of this image. If this box exists, it shall contain either a
Capture Resolution box, or a Default Display Resolution box, or both.

The type of a Resolution box shall be ‘res\040’ (0x7265 7320). The contents of the Resolution box are as follows:
r— T A
resc | resd |
L -+ J

Figure I-14 — Organization of the contents of the Resolution box

resc: Capture Resolution box. This box specifies the grid resolution at which this image was-capfured. The
format of this box is specified in Annex 1.5.3.7.1.

resd: Default Display Resolution box. This box specifies the default grid resolution 'at which this image
should be displayed. The format of this box is specified in Annex 1.5.3.7.2
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1.5.3.7.1
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Capture Resolution box

This box specifies the grid resolution at which the source was digitized to create the image samples specified by the
codestream. For example, this may specify the resolution of the flatbed scanner that captured a page from a book. The
capture grid resolution could also specify the resolution of an aerial digital camera or satellite camera.

The vertical and horizontal capture grid resolutions are calculated using the six parameters (Table I-20) stored in this box
in the following two equations, respectively:

VRcN VRcE
VRe = mx 10

The value
another u

The type
follows:

HRcN HRcE
— X

HRc = TIReD 10

iit, then that application must apply the appropriate conversion.

HRcE

VRcN|VReD|HReN|HRcD
VRCcE

Figure I-15 — Organization of the contents of the Capture Resolution box

endian unsigned integer.

endian unsigned integer.

HRcN:Horizontal Capture grid resolution numerator. This parameter specifies the HRcN value in|
.5, which is used to calculate the horizontal capture grid resolution. This parameter is encod
byte big endian uUnsigned integer.

HRcD:Horizontal Capture grid resolution denominator. This parameter specifies the HRcD value i
1.5, whieh iS used to calculate the horizontal capture grid resolution. This parameter is encod
byte’big endian unsigned integer.

complement 1-byte signed integer.

© ISO/IEC

1.4

L5

s VRc and HRc are always in reference grid points per meter. If an application requires<the grid reqolution in

bf a Capture Resolution box shall be ‘resc’ (0x7265 7363). The contents of the Capture Resolution box are as

VRecN: Vertical Capture grid resolution numeratoer. This parameter specifies the VRcN value in Eqyation 1.4,
which is used to calculate the vertical eapture grid resolution. This parameter is encoded as a P-byte big

VRcD: Vertical Capture grid resolution denominator. This parameter specifies the VRcD value in Eqpation 1.4,
which is used to calculate the'vertical capture grid resolution. This parameter is encoded as a P-byte big

Equation
ed as a 2-

Equation
ed as a 2-

VRcE:Vertical Capture grid resolution exponent. This parameter specifies the VRcE value in Eqyation 1.4,
which is used to calculate the vertical capture grid resolution. This parameter is encoded §s a twos-

HRcE:Horizontal Capture grid resolution exponent. This parameter specifies the HRcE value in Equation L.5,
which is used to calculate the horizontal capture grid resolution. This parameter is encoded as a twos-

complement 1-byte signed integer.

2000 — All rights reserved
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Table I-20 — Format of the contents of the Capture Resolution box

Field name Size (bits) Value
VRcN 16 1—(2'6-1)
VRcD 16 1—(2'%-1)
HRcN 16 1— ')
HReH T6 T—(2"*T)
VRcE 8 2128 — 127
HRcE 8 -128 — 127
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1.5.3.7.2
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Default Display Resolution box

This box specifies a desired display grid resolution. For example, this may be used to determine the size of the image on
a page when the image is placed in a page-layout program. However, this value is only a default. Each application must

determine

an appropriate display size for that application.

The vertical and horizontal display grid resolutions are calculated using the six parameters (Table I-21) stored in this box
in the following two equations, respectively:

The value
another u

The type
Resolutio

VRAN VRAE
VRd = —2omx 10

HRdAN HRAE
HRd = Frpap <10

nit, then that application must apply the appropriate conversion.

of a Default Display Resolution box shall be ‘resd’ (0x7265 7364). Thescontents of the Defau
h box are as follows:

HRdJE

VRAN|VRADHRANHRAD
VRdE
Figure I-16 — Organization of the contents of the Default Display Resolution box

endian unsigned integer.

endian unsigned integer.

HRdN:Horizontal Display/gtid resolution numerator. This parameter specifies the HRdN value in|
1.7, which is used to Calculate the horizontal display grid resolution. This parameter is encod
byte big endian.unsigned integer.

HRdD:Horizontal Display grid resolution denominator. This parameter specifies the HRdD value ir
1.7, which.is used to calculate the horizontal display grid resolution. This parameter is encod
byte’big endian unsigned integer.

© ISO/IEC

complement 1-byte signed integer.

1.6

L7

s VRd and HRd are always in reference grid points per meter. If an application requires<the grid regolution in

t Display

VRdAN: Vertical Display grid resolution numerator. This parameter specifies the VRdN value in Eqyation 1.6,
which is used to calculate the vertical display grid resolution. This parameter is encoded as a P-byte big

VRdD: Vertical Display grid resolution'denominator. This parameter specifies the VRdD value in Eqpation 1.6,
which is used to calculate theVertical display grid resolution. This parameter is encoded as a P-byte big

Equation
ed as a 2-

Equation
ed as a 2-

VRdAE:Vertical Display grid resolution exponent. This parameter specifies the VRAJE value in Eqgation 1.6,
which is used to calculate the vertical display grid resolution. This parameter is encoded 4s a twos-

HRdE:Horizontal Display grid resolution exponent. This parameter specifies the HRAE value in Equation 1.7,
which is used to calculate the horizontal display grid resolution. This parameter is encoded as a twos-

complement 1-byte signed integer.

2000 — All rights reserved
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Table I-21 — Format of the contents of the Default Display Resolution box

Field name Size (bits) Value
VRdN 16 1— ')
VRdD 16 1—(2%-1)
HRAN 16 1— -1
HRdD T6 T—(2*T)
VRdE 8 4128 — 127
HRdE 8 -128 — 127
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154 Contiguous Codestream box

The Contiguous Codestream box contains a valid and complete JPEG 2000 codestream, as defined in Annex A of this
Recommendation | International Standard. When displaying the image, a conforming reader shall ignore all codestreams
after the first codestream found in the file. Contiguous Codestream boxes may be found anywhere in the file except
before the JP2 Header box.

The type of a Contiguous Codestream box shall be ‘jp2¢’ (0x6A70 3263). The contents of the box shall be as follows:

#

/L

Code

Figure I-17 — Organization of the contents of the Contiguous Codestream box

Code: This field contains a valid and complete JPEG 2000 codestream as specified<by Annex [A of this
Recommendation | International Standard.

Table I-22 — Format of the contents of the Contiguous Codestream box

Field name Size (bits) Valuge

Code Variable Variable
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1.6 Adding intellectual property rights information in JP2

This Recommendation | International Standard specifies a box type for a box which is devoted to carrying intellectual
property rights information within a JP2 file. Inclusion of this information in a JP2 file is optional for conforming files.
The definition of the format of the contents of this box is reserved for ISO. However, the type of this box is defined in this
Recommendation | International Standard as a means to allow applications to recognize the existence of IPR information.
Use and interpretation of this information is beyond the scope of this Recommendation | International Standard.

The type of the Intellectual Property Box shall be ‘jp2i” (0x6A70 3269).

L.7 Adding vendor specific information to the JP2Tile format

The following boxes provide a set of tools by which applications can add vendor specific informationto the JP2 file
format. A]l of the following boxes are optional in conforming files and may be ignored by conforming readers.

L.7.1 XML boxes

An XML |box contains vendor specific information (in XML format) other than the information contained within boxes
defined by this Recommendation | International Standard. There may be multiple XML boxes within the file,[and those
boxes may be found anywhere in the file except before the File Type box.

The type ¢f an XML box is ‘xmI\040’ (0x786D 6C20). The contents of the box'shall be as follows:

7

DATA
Figure 1-18 — Organization of the contents of the XML box

DATA:This field shall contain a well-formed XML instance document as defined by REC-xml-199§0210.

The exist¢gnce of any XML boxes is optional for conforming files. Also, any XML box shall not contain any irjformation
necessary| for decoding the image to the extent that'is defined within this part of this Recommendation | Infernational
Standard,|and the correct interpretation of the(Contents of any XML box shall not change the visual appearance of the
image. Al] readers may ignore any XML bex_in the file.
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1.7.2
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UUID boxes

:2000(E)

A UUID box contains vendor specific information other than the information contained within boxes defined within this
Recommendation | International Standard. There may be multiple UUID boxes within the file, and those boxes may be
found anywhere in the file except before the File Type box.

The type of a UUID box shall be ‘uuid’ (0x7575 6964). The contents of the box shall be as follows:

|||H|)III%

The existd
necessaryl
Standard,
All readet

DAIA

Figure I-19 — Organization of the contents of the UUID box

ID: This field contains a 16-byte UUID as specified by ISO/IEC 11578:1996. Thevalue of t
specifies the format of the vendor specific information stored in the DATA fieldvand the intd
of that information.

DATA:This field contains the vendor specific information. The format of this infermation is defined
the scope of this standard, but is indicated by the value of the UUID field.

Table I-23 — Format of the contents of a UUID box

Field name Size (bits) Value
UuID 128 Variable
DATA Variable Variable

his UUID
rpretation

outside of

nce of any UUID boxes is optional for conforming files. Also, any UUID box shall not contain any information

for decoding the image to the extent that_ is\defined within this part of this Recommendation | Inf
and the interpretation of the information iiCany UUID box shall not change the visual appearance of
s may ignore any UUID box.

ernational
he image.
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1.7.3

UUID Info boxes (superbox)

While it is useful to allow vendors to extend JP2 files by adding information using UUID boxes, it is also useful to
provide information in a standard form which can be used by non-extended applications to get more information about
the extensions in the file. This information is contained in UUID Info boxes. A JP2 file may contain zero or more UUID
Info boxes. These boxes may be found anywhere in the top level of the file (the superbox of a UUID Info box shall be the
JP2 file itself) except before the File Type box.

These boxes, if present, may not provide a complete index for the UUID’s in the file, may reference UUID’s not used in

the file, and possibly may provide multiple references for the same UUID.

The type

178

f a UUID Info box shall be ‘uinf’ (0x7569 6E66). The contents of a UUID Info box are as follows:

7

%7

UList

Figure I-20 — Organization of the contents of a UUID Info bex

DE

UList: UUID List box. This box contains a list of UUID’s for which this UUID Info box specifiep a link to

more information. The format of the UUID List box is specified inAnnex 1.7.3.1.

DE: Data Entry URL box. This box contains a URL. An applicatien-can acquire more information} about the
UUID’s contained in the UUID List box. The format of @ Data Entry URL box is specified in Annex

1.7.3.2

© ISO/IEC 2000 — All rights reserved
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1.7.3.1  UUID List box
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This box contains a list of UUID’s. The type of a UUID List box shall be ‘ulst’ (0x756C 7374). The contents of a UUID
List box shall be as follows:

NU

D°

IDNU—I

NU:

Figure I-21 — Organization of the contents of a UUID List box

Number of UUID’s. This field specifies the number of UUID’s found in this UUID List box. This field

ID':

is encoded as a 2-byte big endian unsigned integer.

ID. This field specifies one UUID, as specified in ISO/IEC 11578:1996, which shall be assoc
the URL contained in the URL box within the same UUID Info box. The number of UUID' f
be the same as the value of the NU field. The value of this field shall be a 16-byte UUID.

Table I-24 — UUID List box contents data structure values

Parameter

Size (bits)

Value

NU

16

0— 2lo-1)

UUID!

128

0—(2'%8-1)

iated with
elds shall
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1.7.3.2  Data Entry URL box

This box contains a URL which can use used by an application to acquire more information about the associated vendor
specific extensions. The format of the information acquired through the use of this URL is not defined in this
Recommendation | International Standard. The URL type should be of a service which delivers a file (e.g. URL’s of type
file, http, ftp, etc.), which ideally also permits random access. Relative URL’s are permissible and are relative to the file

containing this Data Entry URL box.

The type of a Data Entry URL box shall be “‘url\040’ (0x7572 6C20). The contents of a Data Entry URL box shall be as

follows:

VERS

terminated string of UTF-8 characters

LOC

Figure 1I-22 — Organization of the contents of a Data Entry URL box

Table I-25 — Data Entry URL box contents data structure values

VERS: Version number. This field specifies the version number of the format ofjthis box and is encogled as a 1-
byte unsigned integer. The value of this field shall be 0.

FLAG:Flags. This field is reserved for other use 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 UUID’s
contained in the UUID List box within the same UUID(Info superbox. The URL is encoded as a null

Parameter Size (bits) Value
VERS 8 0
FLAG 24 0
LOC varies varies

180
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