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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
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INFORMATION TECHNOLOGY -
JPEG 2000 IMAGE CODING SYSTEM —
PART 1: CORE CODING SYSTEM

1

This
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valid
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Scope

Recommendation | International Standard defines a set of lossless (bit-preserving) and lossy compfession me
pding bi-level, continuous-tone grey-scale, palletized color, or continuous-tone colour digital stil‘images.
Recommendation | International Standard
— specifies decoding processes for converting compressed image data to reconstructed image data
— specifies a codestream syntax containing information for interpreting the compressed image data
— specifies a file format
— provides guidance on encoding processes for converting sgurce image data to compressed image

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

References

following Recommendations and International Standards contain provisions which, through reference in this
litute provisions of this Recommendation | International Standard. At the time of publication, the editions indi
valid. All Recommendations and Standardscare subject to revision, and parties to agreements based o
mmendation | International Standard are.encouraged to investigate the possibility of applying the most 1

International Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of cu
ITU-T Recommendations.

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

— ITU-T Recommendation T.88 | ISO/IEC 14492, Information technology — Lossy/lossless codin

bi-level.images.

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

—= ISO/IEC 8859-15:1999, Information technology — 8-bit single-byte coded graphic character sé
Part 15: Latin alphabet No. 9.

bn of the Recommendations and Standards’listed below. Members of IEC and ISO maintain registers of cu:Ently

hods

lata

text,
Cated
this
bcent

ntly

gital

g of

ition

— ITU-T _Recommendation T.84 | ISO/IEC 10918-3:1997, Information technology — D

ital

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
SPIFF colour spaces, APPn markers, SPIFF compression types and Registration Autho
(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 Procddure
Call (RPC).

3 Definitions

For the purposes 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 .

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

34 9-7 irreversible filter: A particular filter pair used in the wavelet transformation. This irreversible filte pair
has 9 taps 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.yafiable length strings to variable length codes (encading)
and Yisa versa (decoding).

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

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

39 bit-plane: A two dimensional array.of bits. In this Recommendation | International Standard a bit-plane fefers

to al| the bits of the same magnitude in all Coefficients or samples. This could refer to a bit-plane in a component) tile-
component, code-block, region of interest, or other.

3.10 bit stream: The actual'sequence of bits resulting from the coding of a sequence of symbols. It does not include
the tharkers or marker segments in the main and tile-part headers or the EOC marker. It does include any packet hgaders
and in stream markers and Madrker segments not found within the main or tile-part headers.

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

3.12 box: A pertion of the file format defined by a length and unique box type. Boxes of some types may cqntain
othef boxes.

3.13 box contents: Refers to the data wrapped within the box structure. The contents of a particular box are dtored

withjn the DBox field within the Box data structure.

3 14 bhbax—tyvpna—Snacifiac tha lrind ~f 1n+‘ vvv\nf 1on-that chall ha ctorad o c-la «-I«.: L X Tl/\o tuna of o oty 1 4

alar
box-type—Speeifies-the kind-of-information-that-shall- be-stored-with-the-bex—The-type-of-a—partientar 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.
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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 oI e1ther an encoding or decoding process.

3.22 coding pass: A complete pass through a code-block where the appropriate coefficient values and context are
applled. There are three types of coding passes: significance propagation pass, magnitude refinement pas§ and clganup
pass| The result of each pass (after arithmetic coding, if selective arithmetic coding bypass is not used)\is a streqm of
compressed 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 example, p red
chanpel or a greyscale channel would be a colour channel.

3.25 component: A two-dimensional array of samples. A image typically cOnsists of several componentg, for
instance representing red, green, and blue.

3.26 compressed image data: Part or all of a bit stream. Can also refer to@ycollection of bit streams in part or pll of
a codlestream.

3.27 conforming reader: An application that reads and interprets\a JP2 file correctly.

3.28 context: Function of coefficients previously decoded¢and used to condition the decoding of the prpsent
coefficient.

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

3.30 context vector: The binary vector consisting of the significance states of the coefficients included in a coptext.
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 or parf of a

recofistructed image.

3.33 decomposition level: A eollection of wavelet subbands where each coefficient has the same spatial impgct or
span| with respect to the source/component samples. These include the HL, LH, and HH subbands of the samg two
dimgnsional 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 information gbout
begihning and ending points of structures in the codestream.

3.35 discrete‘wavelet transformation (DWT): A transformation that iteratively transforms one signal into tyo or
morg filtered and decimated signals corresponding to different frequency bands. This transformation operatgs on
spatijally diserete samples.

3.36 encoder: An embodiment of an encoding process.

3.37

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 filtring.
This|subband contributes to reconstruction with inverse vertical high-pass filtering and horizontal high-pass filtering.

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

3.46 image: The set of all components.

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

3.48 image area offset: The number of reference grid points down and to the.right of the reference grid ¢rigin
whefe the origin of the image area can be found.

349 image data: The components and component samples making up an fmage. Image data can refer to eithgr the
sour¢e image data or the reconstructed image data.

3.50 in bit stream markers and in bit stream marker segments-Markers and marker segments that provide]error
resiljence functionality.

3.51 informational markers and informational marker "segments: Markers and marker segments that|offer
ancillary information.

3.52 irreversible: A transformation, progression, system, quantization, or other process that, due to systenpic 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 file(format described in this specification. Structurally, a JP2 fil¢ is a
contjguous sequence of boxes.

3.54 JPEG: Used to refer globally tothe encoding and decoding process of the following Recommendatjons |
Intetnational Standards:

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

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

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

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

— ITU-T Recommendation T.86 | ISO/IEC 10918-4, Information technology - Digital compressioh and

dinag of oot atona-ctill 1nagace Reocictration of TDEC Dentlae CQDIEE Denflae CDIEE
ST © T TOT1IT 1= ©

coding—ef—continvous—tone—st—+m ages—Registration—of FRE ofles—SPHE Profles—SPHETags,
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 10SSy: & descriptive term 1or the etfect 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 lgast one 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 codestreani that describg the
image parameters 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 is a yalue
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¢thaty-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 one layer of

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

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

3.68 pointer markers and pointer marker segments: Markers and marker segments that offer information gbout
the Ipcation of structures in the codestream.

3.69 precinct: A one rectangular region of a transformed tile-component, within each resolution level, usefl for
limigng the size of packets.

3.70 precision: Number of bits allocated (fo a particular sample, coefficient, or other binary numgrical
reprgsentation.

3.71 progression: The order of a codestream where the decoding of each successive bit contributes to a “bdtter”

recopstruction of the image. What metricS make the reconstruction “better” is a function of the application. $ome
exanpples of progression are increasing\resolution or improved sample fidelity.

3.72 quantization: A method-ef reducing the precision of the individual coefficients to reduce the number of bits
used| to entropy code them. Fhis’1s equivalent to division while compressing and multiplying while decompressing.
Quaiptization can be achieveéd,by an explicit operation with a given quantization value or by dropping (truncating) cqding
pass¢s from the codestréan:

3.73 raster order: A particular sequential order of data of any type within an array. The raster order starts with the
top left data poinfiand moves to the immediate right data point, and so on, to the end of the row. After the end of thg row
is regched thewnext data point in the sequence is the left-most data point immediately below the current row. This ordler is
continued to,the end of the array.

3.74 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\ly the
arithinetic coder. Instead the bits to be coded are appended directly to the bit stream without 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
singlle sign bit.

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

3.88 significance state: State of a coefficient at a particular bit-plane. If a cgefficient, in sign-magnitude notation,
has the first magnitude 1 bit at, or before, the given bit-plane it is considered “significant.” If not, it is consiflered
“insignificant.”

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

3.90 subband: A group of transform coefficients resulting ftom the same sequence of low-pass and high-pass
filterjng operations, both vertically and horizontally.

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

3.92 subband decomposition: A transformation of animage tile-component into subbands.

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

boxeg). As the JP2 file contains only a contiguous*sequence of boxes, the JP2 file is itself considered a superbox. When
used|as part of a relationship between two boxes; the term superbox refers to the box which directly contains the jother
box.

3.94 tile: A rectangular array ofypoints on the reference grid, registered with and offset from the referencq grid
origih 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 index of the current tile ranging from zero to the number of tiles minus one.

3.97 tile-part: A_pottion of the codestream with compressed image data for some, or all, of a tile. The tilg-part
inclydes at 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 codes{ream
that lescribe thetile-part coding parameters.

3.99 tile-part index: The index of the current tile-part ranging from zero to the number of tile-parts minu§ 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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4 Abbreviations and symbols

4.1 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

IEC: International Electrotechnical Commission
ISO: International Organization for Standardization
ITTF: Information Technology Task Force

ITU: International Telecommunication Union

ITU-T: International Telecommunication Union — Telecommunication Standardization Sector (formerly the
CCITT)

JPEG: Joint Photographic Experts Group - The joint ISO/ITU comfniftee responsible for develqping
standards for continuous-tone still picture coding. It also referS_to the standards produced by this
committee: ITU-T T.81 | ISO/IEC 10918-1, ITU-T T.83 | ISO/IEC 10918-2, ITU-T T.84 | ISQYIEC
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 Transferthation

ROI: Region Of Interest

SNR: Signal to NoiseRatio.

UCS: Universal Chanacter Set

URI: UniformrResource Identifier

URL: Uniferm Resource Location

UTE-8:UCS Transformation Format 8

UWUID: Universal Unique Identifier

XML: Extensible Markup Language

R LS e e g .
YvyOU . WOITO- WIUC YvCD COIISOI'tITUIIT
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.

© I1SO/IEC 2000 — All rights reserved 7


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

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

&,: 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

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 marker

5 General description

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

The fivision of both the original image data and the compressed image data in a number of ways leads to the abil

extrac mage_data om h ompre ed mage-_data a orm-—a econ (] ed Mage a QAL eso aVallfa

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

Th £ . 1 P | -1 Il oo D 1 [k SOOR — 1-Qo 1 1
cIparcrourmanrerenmentsaescrrocu N tinrs necommenaatronm rmternatromarstancara:

Encoder: An embodiment of an encoding process. An encoder takes as input digital source imagé, datd and
parameter specifications, and by means of a set of procedures generates as output a codestfeam.

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

Codestream syntax: A representation of the compressed image data that includes-all parameter specificafions
required by the decoding process.

Optional file format: The optional file format is for exchange betwegn application environments.| The
codestream can be used by other file formats or stand-alone withéutthis file format.

5.2 Codestream

The fodestream is a linear stream of bits from the first bit to the last bit. For convenience, it can be divided into (§ bit)
bytes, starting with the first bit of the codestream, with the “earlier” bit'in a byte viewed as the most significant bit gf the
byte|when given e.g. a hexadecimal representation. This byte stream may be divided into groups of consecutive Qytes.
The hexadecimal value representation is sometimes implicitly“assumed in the text when describing bytes or groiip 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 show$ the
decoding order only. The compressed intage' data is already conceptually assigned to portions of the image |data.
Procgdures are presented in the Annexes in the order of the decoding process. The coding process is summarized bellow.

NOTE — Annexes A through I are-eonsidered normative to this Recommendation | International Standard. Certain denoted sub-
s¢ctions and notes and all examples-are informative, however.

Many images have multiple-components. This specification has a multiple component transformation to decorrelate fhree
components. This is the onlyfunction in this specification that relates components to each other. (See Annex G.)

The ymage components may be divided into tiles. These tile-components are rectangular arrays that relate to the pame
portipn of each,of\the components that make up the image. Thus, tiling of the image actually creates tile-component$ that
can pe extracted’ or decoded independently of each other. This tile independence provides one of the methods for
extracting aregion of the image. (See Annex B.)

The ltile<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) .
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> File format (optional, Annex I) .

Figure 5-1 — Specification block diagram

pbugh there are as many coefficients as there are samples, the information content-tends to be concentrated in
coefficients. Through quantization, the information content of a large number” of small-magnitude coefficie

quantized coefficients, sometimes significantly compared to the original image. (See Annex C, Annex D|
x B.)

ndividual subbands of a tile-component are further divided into.Code-blocks. These rectangular arrays of coeffig
e extracted independently. The individual bit-planes of the@oefficients in a code-block are coded with three ¢
s. Each of these coding passes collects contextual infoermation about the bit-plane compressed image data.
x D.) An arithmetic coder uses this contextual information, and its internal state, to decode a compressed bit st
Annex C.) Different termination mechanisms allow-different levels of independent extraction of this coding
pressed image data.

bit stream compressed image data created:from these coding passes is grouped in layers. Layers are arb
pbings of coding passes from code-bloeks.*(See Annex B.)

OTE — Although there is great flexibility in layering, the premise is that each successive layer contributes to a higher g
hage.

and coefficients at each resolution level are partitioned into rectangular areas called precincts. (See Annex B.)

ets are a fundamental\urit of the compressed codestream. A packet contains compressed image data from one
brecinct of one resolution level of one tile-component. Packets provide another method for extracting a spatial r
pendently from.the codestream. These packets are interleaved in the codestream using a few different methods
x B.)

pchanismis provided that allows the compressed image data corresponding to regions of interest in the origina
ponents to be coded and placed earlier in the bit stream. (See Annex H.)

Reconstructed and rendered image

ust a
nts is

er reduced (Annex E). Additional processing by the entropy coder reduce§ the number of bits required to represent

and

ients
ding
(See
eam.
pass

trary

uality

layer
pgion
(See

| tile-

Several mechanisms are provided to allow the detection and concealment of bit errors that might occur over a noisy

trans

mission 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.)
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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.

At th
unitg
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characteristics of local areas (rather than across the entire tile-component) of the tile-component.
— The subbands of coefficients are quantized and collected into rectangular arrays of code-blocks.
— Each bit-plane of the coefficients in a code-block are entropy coded in three types of coding passe
— Some of the coefficients can be coded first to provide a region of interest.
is point the image data is fully converted to compressed image data. The procedures that reassemble these bit st
into the codestream are the following:
— The compressed image data from the coding passes are collected inayers.

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

— All the packets from a tile are interleaved in one of several ‘6rders and placed in one, or more, tile-j
— The tile-parts have a descriptive tile-part header and cah be interleaved in some orders.

— The codestream has a main header at the beginfing that describes the original image and the va
decomposition and coding styles.

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

Encoder requirements

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

ncoder is an embodiment 0f jthe encoding process. In order to conform to this Recommendation | Internat
lard, an encoder shall cgnvert source image data to compressed image data, that conform to the codestream s)
fied in Annex A.

Decoder requirements

coding.process converts compressed image data to reconstructed image data. Annex A through Annex H des|
pecify‘the decoding process. All decoding processes are normative.

ency

recam

ition

arts.

rious

f the

cribe

onal
ntax

cribe

A decoder 1s 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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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

Ann
allow
with

Optional file format requirements

Interpational Standard.

Implementation requirements

x I describes the optional file format containing metadata about the image in addition to the codestream. Thi§ data
s, for example, screen display or printing at a specific resolution. The optional file format when used; shall comply
the file format syntax and code assignments appropriate for the coding processes defined in the, Recommendation |

Therp is no normative or required implementation for this Recommendation | International Standard. In some casef, the

desc

iptions use particular implementation techniques for illustrative purposes ofly.
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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 Recommendatjon |
Interpational Standard. These markers and marker segments provide codestream information for this Recomfiiendation |
Interpational Standard. Further, this Annex provides a marker and marker segment syntax that is designed to’be usgd in
future specifications that include this Recommendation | International Standard as a normative reference,

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

Al Markers, marker segments, and headers

This| Recommendation | International Standard uses markers and markersegments to delimit and signal the
charjcteristics of the source image and codestream. This set of markers anddnarker segments is the minimal informption
needgd to achieve the features of this Recommendation | International Standard and is not a file format. A minimdl file
formiat is offered in Annex I.

Mai and tile-part headers are collections of markers and marker segments. The main header is found at the beginning of
the codestream. The tile-part headers are found at the beginning.of each tile-part (see below). Some markers and mprker
segnjents are restricted to only one of the two types of headers while others can be found in either.

Everly marker is two bytes long. The first byte consists-of‘a single OxFF byte. The second byte denotes the specific mprker
and ¢an have any value in the range 0x01 to OxFE..Nany of these markers are already used in ITU-T Rec. T.81 | ISQVYIEC
10918-1 and ITU-T Rec. T.84 | ISO/IEC 1091823:1996 and shall be regarded as reserved unless specifically used.

A mprker segment includes a marker and\associated parameters, called marker segment parameters. In every mprker
segnjent the first two bytes after the marker shall be an unsigned value that denotes the length in bytes of the mprker
segnjent parameters (including the two bytes of this length parameter but not the two bytes of the marker itself). When a
marler segment that is not specifiedin the Recommendation | International Standard in a codestream, the decoder |shall
use the length parameter to diScard the marker segment.

Al Types of markers and marker segments

Six tlypes of markefs'and marker segments are used: delimiting, fixed information, functional, in bit stream, pointer, and
informational. Pelimiting markers and marker segments are used to frame the main and tile-part headers and the bit

hrker

e the
codingfurictions used. In bit stream markers and marker segments are used for error resilience. Pointer marker segrhents
provide-spectficoffsets bitstream—Informationalmarker-segments provideancthary-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, O0xFFOT, OxFFFE, OxFFCO — 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 — OxFFES Defined-inJTU-T Rec T-87Z L ISOAEC 14495 1
OxFF4F — OxFF6F, 0XFF90 — OxFF93 Defined in this Recommendation | International Standard
OxFF30 — OxFF3F Reserved for definition as markers only (no marker segments)
All other values reserved

A.1.3 Marker and marker segment and codestream rules

A.l4 Key to graphical descriptions (informative)

Eachl marker segment is described in terms of its function, usage, and length. The function describes the inform
contjined in<the ‘marker segment. The usage describes the logical location and frequency of this marker segment {
codeptreamy The length describes which parameters determine the length of the marker segment.

NOTE — The markers in the range OxFF30 — OxFF3F may be used by future extensions. They may or may not be skippe
dpcoder without ramification.

Marker segments, and therefore the main and tile-part headers, are a“multiple of 8 bits (one 1
Further, the bit stream data between the headers and before the"EOC marker (see Annex A.4.4
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 theywhole image unless specifically overridd
markers or marker segments in a tile-part header.

byte).
) are

en by

Delimiting and fixed information marker and marker segments must appear at specific points in the

codestream.

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

All parameter values in marker{segments are big endian.

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

All markers with.the ‘marker code between 0xFF30 and OxFF3F have no marker segment param|
They shall be skipped by the decoder.
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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 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 figure is followed by a list that describes the meaning of each parameter in the marker segment. If patameters are
repegted, the length and nature of the run of parameters is defined. As an example, in Figure A-1, the\first rectangle
reprgsents the marker with the symbol MAR. The second rectangle represents the length parameter. Parameters Amar,

Bmaf, Cmar, and Dmar are 8, 16, 32 bit and variable length respectively. The notation Emar' implies that there fire n
diffefent parameters, Emari, in a row.

Aftef the list is a table that either describes the allowed parameter values or provides. references to other tableq that
descfibe these values. Tables for individual parameters are provided to describe{ any parameter without a simple
numerical value. In some cases these parameters are described by a bit value in abitfield. In this case, an “x” is used to
denofte bits that are not included in the specification of the parameter or sub-parameter in the corresponding row df the

table|

Somg marker segment parameters are described using the notation “Sxxx” and “SPxxx” (for a marker symbol, X[XX).
The Pxxx parameter selects between many possible states of the SPxxXparameter. According to this selection, the SPxxx
paraeter or parameter list is modified.

A2 Information in the marker segments

Tabl¢ A-2 lists the markers specified in this Recommendation | International Standard. Table A-3 shows a list of which
information is provided by which marker and markegr’segments.

Table A-2.~=FList of markers and marker segments

Symbol Code Main header® Tile-part headef®
Deljmiting markers and marker segments
Start of codestream SoC OxFF4F required not allowed
Staift of tile-part SOT 0xFF90 not allowed required
Stafft of data SOD 0xFF93 not allowed last marker
End of oodestream” EOC 0xFFD9 not allowed not allowed
Fixedinformation 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 0xFF5E optional optional
Quantization default QCD 0xFF5C required optional
Quantization component QCC OxEESD opticnal opticnal
Progression order change POC 0xFE5F opti onal® optionat’
Poipter marker segments
Tilg-part lengths TLM OxFF55 optional not allowed
Packet length, main header PLM 0xFF57 optional not allowed
Packet length, tile-part header PLT OxFF58 not alfowed optional
Packed packet headers, main header PPM 0xFF60 optional® not allowed
Packed packet headers, tile-part header PPT OxFF61 1ot allowed op tional®
In bit stream markers and marker segments
not allowed in tife-
Staft of packet SOP 0xFF91 not allowed part header, optignal
in bit stream
. . optional inside PPT
End of packet header EPH 0xFF92 optional inside PPM marker segment dr in
marker segment .
bit stream
Informational marker segments
Compponent registration CRG 0xFF63 optional not allowed
Comment COM 0xFF64 optional optional
a. Required means thedmarKer or marker segment shall be in this header, optional means it may be used.
b. The POC marker&egment is required if there are progression order changes.
c. Hither the PPM\or-PPT marker segment is required if the packet headers are not distributed in the bit stream. If the PPM nparker
s¢gment is used 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.

16
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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)

Tile index SOT, TLM.

Tile-part data length

Progression order
Number of layers COD
Multiple component transformation used

Coding style
Number of decomposition levels
Code-block size

Code-block style 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 information COM

For ¢xample, the’COD marker segment is required in the main header. If all components in all the tiles are codefl the
samg way, ‘this is all that is required. If there is one component that is coded differently than the others (for example the
lumipance.component of an image composed of luminance and chrominance components) then the COC can denotg that

) . . L o . din

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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Main header Required as the first marker.

Tile-part header /

Main header marker segments

Required at the beginning of each tile-part header.

Tile O, tile-part 0 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 ascthe last 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.
P — alaTa ﬂpﬁnnq]’ no-more-than one CQC ppr r‘nmpnnpnf
QCD Required.
- — — QCC Optional, no more than one QCC per component.
£
§ - — — RGN Optional, no more than one RGN per component.
g
<
= <+ — — POC Required in main or tile for any progression order changes.
-+ — — PPM Optional, either PPM or PPT or codestream packet headers
required.
- — — TLM Optional.
. - Opiona.
-t — — CRG Optional.
-« — — COM Optional.

Figure A=3=— Construction of the main header

© 1SO/IEC 2000 — All rights reserved 19


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

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

20

SOT Required as the first marker segment of every tile-part header.
- — — COD Optional, no more than one COD per tile.
-« — — CoC Optional, no more than one COC per component.
i Qch Optional, no more than one QCD per tile.
8
‘i ional h .
;0 -« — — Optional, no more than one QCC per component
kS
g - Optional, no more than one RGN per component!
§ -+ —
= -« — — POC Required if any progression order change$\different from mairn
o POC.
; -« _ Optional, either PPM or PPT or codestream packet headers
E required.
<« — — PLT Optional.
-« — — COM Optional.
SOD Required as.the last marker of every tile-part header.

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

SOF. Required as the first marker segment of every tile-part header.
o)
*:' -« — — POC Required if any progression order changes different from mair
pet POC.
{‘_-:; -« — — Optional, either PPM or PPT or codestream packet headers
g required.
o} 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
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Delimiting markers and marker segments

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

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)

Fun
Usag

Leng

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

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

rth: Fixed.
SOC: Marker code.

Table A-4 — Start of codestream parameter values

Parameter

Size (bits)

Values

SOC

16

OxFF4F

© ISO/IEC 2000 — All rights reserved
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Ad4.2 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.

Leng

bth: Fixed.

TNsot

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\patameters for start of tilg-part

marker segment.

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

Isot: Tile index. This number refers to the tiles in raster order starting at the number O.

Psot: Length, in bytes, from the beginning of the first byte of this SOT marker segment of the tile-part fo the
end of the data of that tile-part. Figure A-16 shows this alignment. Only the last tile-part ip the
codestream may contain a 0 for Psot. If the Psot i5'0} this tile-part is assumed to contain all data until the

EOC marker.

TPsot: Tile-part index. There is a specific order required for decoding tile-parts; this index denotes the prder
from 0. If there is only one tile-part. for a tile then this value is zero. The tile-parts of this tile[shall

appear in the codestream in this order although not necessarily consecutively.

TNsot:Number of tile-parts of a tile in the codestream. Two values are allowed: the correct number of tile{parts
for that tile and zero. A zero(value indicates that the number of tile-parts of this tile is not specified in

this tile-part.

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

Rarameter

Size (bits)

Values

SOT

16

0xFF90

Lsot

16

10

Isot

16

0— 65534

Psot

32

12— 2321

22

TPsot

0—254

TNsot

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.
SOD: Marker code

Table A-7 — Start of data parameter values

Parameter Size (bits) Values

SOD 16 0xFF93

24 © I1SO/IEC 2000 — All rights reserved
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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.

AS.1

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

Usag
Ther

Leng

respect to the reference grid (see Annex B.2).

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

bth: Variable depending on the number of components.

SIZ | Lsiz | Rsiz Xsiz Ysiz X(isiz YClsiz X'ljsiz Y'llsiz

Ssiz' YRSiz' 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 i
and tile size marker segment.
Lsiz: Length of marker segment in bytes ({not including the marker). The value of this parame
determined by the following equation:

Leod = 38+ 3 - Csiz.

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

Xsiz: Width of the referenee grid.

Ysiz: Height of the réferénce grid.

XOsiz:Horizontal offset from the origin of the reference grid to the left side of the image area.
YOsiz: Vertical-offset from the origin of the reference grid to the top side of the image area.
XTsiz: Width'of one reference tile with respect to the reference grid.

YTsizsHeight of one reference tile with respect to the reference grid.

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

ment.

mage

er is

Al

26

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

_Z(Ssiz AND 0x7F)-1

of component sample values is < component sample value < 2(551 AND 0x7F)

-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 OxFF51
Lsiz 16 41 —49 190
Rsiz 16 Table A-10
Xsiz 32 1—@¥2.
Ysiz 32 1—02.p

XOsiz 32 0— (23 2)
YOsiz 32 0 (2%%-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
Ssiz! 8 Table A-11
XRsiz! 8 1—255
YRsiz! 8 1—255

Table A-10 — Capability Rsiz parameter

MSB

Value (bits)

LSB

Capability

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;
ORI Component-sample-values-are-thsicned-values
“““““ ¥ sped-values
1XXX XXXX Component sample 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’can 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. Additignally, fhere
may |be at most one for each tile. If there are multiple tile-parts in a tile, and this marker segment is present; it shgll be
founfl only in the first tile-part (TPsot = 0).

Wheh used in the main header, the COD marker segment parameter values are used for all tile<cofniponents that dp not
have|a corresponding COC marker segment in either the main or tile-part header. When used in the tile-part headler it
overfides the main header COD and COCs and is used for all components in that tile without a corresponding {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
wheitle the “greater than” sign, >, means that the greater overrides the lessor matker segment.

Length: Variable depending on the value of Scod.

SGceod

COD | Lcod %%

Scod SPcod

Figure A-§ — Coding style default syntax

COD: Marker code. Table A-12 shows the size and values of the symbol and parameters for coding $tyle,
default marker segment.

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

12 maximum_precincts

A2

Leod =
{ 13 + number_decomposition_levels user-defined_precincts

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

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

SCeodParametere for codina ctula daciaonatad 1590 Qo d Tho ararnatare ara sndonondont of Ao ooy t and
D o COa T ARt SO Coati S Sty aesighateahocoa—ne-paraneersare Hhaepenaeht-or——component

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

SGceod 32 Table A-14
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 defined 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

P4rameters (in order) Size (bits) Values Meaning of SGceod values
Progression order 8 Table A-16 Progression order
Number of layers 16 1 — 65535 Number of layers
Multiple component . .
. 8 Table A-17 Multiple component transformation usage
transformation

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
(ode-block height 8 Table A-18 Code-block height exponent offset value, ych
Code-block style 8 Table A-19 Style of the code-block coding passes
Transformation 8 Table A-20 Wavelet transformation used.
If Scod or Scoc = xxxx xxx0, this parameter is hOt present, otherwisg
Preci . bl Table A21 this indicates precinct width and height. The first parameter (8 bits)
recinet size variable able A- corresponds to the N;LL subband. Each/nieeessive parameter
corresponds to each successive resolution’level in order.
A — Progression order
B— Number of layers
C£2 Multiple component transformation
Al B |C|D|E|F|G|H|T " D.— 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 00066, Layer-resolution level-component-position progression
00000001 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

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

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

being 210, Further, the code-block size is/estricted so that xch+ych <=
12.

All other values 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
XXxX X0xX No termination on each coding pass
XXXX XIxX Termination on each coding pass
XXxX 0XXX No vertically causal context
XXXX 1xxx Vertically causal context
xxX0 XXXX No predictable termination
xxx1 XXXx Predictable termination

TAY NS hal 4
SexO%00¢ Ne-seertentationsymbels-are-tsed
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\V; LL band.
0000 xxxx — 4 MSBs are the precinct height exponent PPy = %alue . 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).

Whe
tile-
prec

h used in the main header it overrides the main COD marker segment for the specific component. When used
art header it overrides the main COD, main COC, and tile COD for the specific component. Thus, the ‘ord
dence is the following:

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

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

Leng

bth: Variable 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 coding
component marker segment.

Lcoc: Length of marker segment in bytes not including the marker). The value of this parame
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 + numpersdecomposition_levels user-defined_precincts AND Csiz § 257

where maximum_precincts and user-defined_precincts are indicated in the Scoc parameter
numbersde¢omposition_levels is indicated in the SPcoc parameter.

Ccoc: ThedGndex of the component to which this marker segment relates. The components are indexed 0
efe’

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

SPc¢oc:Parameters for coding style designated in Scoc. The parameters are designated, in order from ¢
bottom, in Table A-15. The coding style parameters within the SPcoc field appear in the seqt

n the
er of

style

er is

A3

op to
ence

pra A _11

o o

showatHeure A—H-
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
o 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 values PPx = PPy = 15
0000 0001 Entropy coder with precinct'Values defined below

All other values 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

partipular component which appears in a tile-part header overrides any marker for that component in the main headgr, for

the tﬁe in which it appears. If there are multiple tile-parts in a tile, then this marker segment shall be found only finythe first

tile-part header.

Length: Variable.

etc.

Figure A-12 — Region of interest syntax

Table A-24 — Region of interest parameter values

Crgn SPrgn

RGN

V,
Lrgn é

Srgn

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

Srgn: ROI style for the current ROI. Table A<25 shows the value for the Srgn parameter.
SPrgn:Parameter for ROI style designatedin Srgn.

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

Crgn: The index of the component to which this marker segment relates. The components are indexed 0] 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)

0

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

foun

d only in the first tile-part (TPsot = 0).

Whe
orde

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

Leng

— -

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

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

bth: Variable depending on the number of quantized elements.

Schdi

7z
QCD | Lqcd Z z
Sqed  SPgédt

Figure A-13 — Quantization default syntax
QCD: Marker code. Table A-27 shows the size and<values of the symbol and parameters for quantiz
default marker segment.

Lqcd: Length of marker segment in bytes (fnot including the marker). The value of this parame
determined by the following equation:

B, the

ation

er is

4 + 3 - number_deComposition_levels no_quantization
Lgcd = 5 scalar_quantization_derived A4
5 4+ 6 - number_decomposition_levels scalar_quantization_expounded
where numbet._decomposition_levels is defined in the COD and COC marker segments| and
no_quantization, scalar_quantization_derived, or scalar_quantization_expounded is signalled ih the
Sqcd parameéter.
OTE — The Lqcd{can™be used to determine how many quantization step sizes are present in the marker segment. However] there
4 not necessarily/a-correspondence with the number of subbands present because the subbands can be truncated with no
quirement te.cortect this marker segment.
Sged: Quantization style for all components.
SPqcd":Quantization step size value for the ith subband in the defined order (see Annex F.3.1). The number of
paramatarc 1o tha carna ac tha pyabhar AF e o de 10 tho 110 ~opananan tunth tho graoatact Y er Of
parameters—is-the-same-as—the-number-of-subbands—ithe-tile-component—with-the—greatestumbe
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decomposition levels.
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Table A-27 — Quantization default parameter values

E

[able A-29 — Reversible step size values-for the SPqcd and SPqcc parameters (reversible transform only|

h

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

Schdi variable Table A-28

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

Values (bits) L SPqcd or SPqcc SPded’or SPqcc
MSB LSB Quantization style size (bits) usage

xxx0 0000 No quantization 8 Table A-29

+<xx0 0001 Scalar derived (values signalle?d for N;LL 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 —7

111x xxxx

All other values reserved

Equation E.5)

Values (bits) . .
MSB LSB Reversible step size values
0000 Oxxx — Exponent, g, of the reversible dynamic range signalled for each subband (see
1111 Ixxx

All other values reserved

xxxx x111 1111 1111

Table A-30~=Quantization values for the SPqcd and SPqcc parameters (irreversible transformation only
Values (bits) Quantization step size values
MSB LSB P
xxxx x000 0000 0000 —

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

0000 0xXX XXXX XXXX —
1111 1XXX XXXX XXXX

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

© ISO/IEC 2000 — All rights reserved
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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.f

spec

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

Leng

o = 7

fic component. Thus, the order of precedence is the following:

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

bth: Variable depending on the number of quantized elements.

Cqcc Schci

ZIRZ %
QCC | Lgcce Z // z
Sqce  SPqect

Figure A-14 — Quantization componént syntax

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

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

5 4 3 - number_decomposition_levels 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_decorhposition_levels no_quantization AND Csiz } 257

7 scalar_quantization derived AND Csiz § 257

7 + 6 - numbgr .decomposition_levels scalar_quantization_expounded AND Csiz § 257

where namber_decomposition_levels is defined in the COD and COC marker segments,
no_quantization, scalar_quantization_derived, or scalar_quantization_expounded is signalled i
Sqgce parameter.

OTE — The Tgec can be used to determine how many step sizes are present in the marker segment. However, there
pcessarily-ascorrespondence with the number of subbands present because the subbands can be truncated with no requirem
brrect thisumarker segment.

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

r the

ation

er is

AS

and
h the

is not
ent to

1,2,

ete—(Either 8 or 16 bits- dependine on-Csiz-value)
AY r =] 7

40

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
e 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 aj
of a

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

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

In th
code]

e case where a POC marker segment is used, the progression of every packet in the codestream>(or for that tile

marler segment and shall be described in any tile-part header before any packets of that progression are found.

Leng

bth: Variable depending on the number of different progressions.

CSpoc  REpoci Ppoc!  CSpoc™ «REpoc” Ppoc™
V, V s

POC | Lpoc é 4 % %

4 / VA /
RSpoc! LYEpoc' CEpoc' RSpec” LYEpoc" CEpoc”

Figure A-15 — Progression-order change tile syntax

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

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

I 2 4.7 -number_progression_order_change Csiz <257
oc =
P 2% 9 - number_progression_order_change Csiz § 257

where the number_progression_order_changes is encoder defined.

segment.

(Either 8 or 16 bits depending on Csiz value.) One value for each progression change in this tile o
part. The number of progression changes can be derived from the length of the marker segment.

particular tile, a POC marker segment must appear in the first tile-part header of that tile. Thus, the progression order

biven tile is determined by the presence of the POC or the values of the COD in the following order of precedence:

f the

stream) shall be defined in one or more POC marker segments. Each progression order is deseribed in only one|POC

order

er is

A6

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

CSpoci:Component index (inclusive) for the start of a progression. The components are indexed 0, 1, 2, etc.

 tile-

42

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.

© ISO/IEC 2000 — All rights reserved
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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>057
LYEpoc! 16 0 —©65534
REpoc! 8 RSpoc' — 33
; 8 €Spoc! — 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 TEM_Pitlaaa) o= tha SOT (D fram-tha baginaia PSP\ A
=

L £ forc it tha b 3 1 £+l 4+ ] i RO | 120 tt
M-Pdr-erthe-SOT-(Psotparameters-pointirom-the-bestnntne-of the-enrrentiHe-parts-SOTFmarkersegment to

the gnd of the bit stream data in that tile-part. Because tile-parts are required to be a multiple of 8 bits, these yvalugs are
alwalys a byte length. Figure A-16 shows the length of a tile-part.

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

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

Tile-part marker
segments

SOT SOD Bit stream

Figure A-16 — Tile-part lengths

AT Tile-part lengths (TLM)

Fung¢tion: Describes the length of every tile-part in the codestream."Each tile-part’s length is measured from the firsf byte
of the SOT marker segment to the end of the bit stream data of that tile-part. The value of each individual tile-part length
in thg TLM marker segment is the same as the value in the corfesponding Psot in the SOT marker segment.

Usage: Main header. Optional use in the main headeronly. There may be multiple TLM marker segments in the |main
headpr.

Length: Variable 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-part length
marker segment.

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

r‘pferminpr] by the following eguation.:
J [=Ts §

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
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

Ltlm = A7
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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.

Table A-33 — Tile-part length parameter values

Ttlm': Tile index of the ith tile-part. Either none or one value for every tile-part. The number of tilespafts in
each tile can be derived from this marker segment (or the concatenated list of all such markes$) or [from
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 6f the bit stream
data for that tile-part. One value for every tile-part.

Parameter Size (bits) Values
TLM 16 0xFESS
Ltlm 16 6— 65535
Ztlm 8 0—255
Stlm 8 Table A-34
Ttlm' 0if ST=0 tiles in order

8ifST=1 0—254
165fST =2 0— 65534
; 16ifSP=0 13 — 65 535
Ptlm 32ifSP =1 13 — (2321)

Table A-34 — Size parameters for Stim

Values (bits). 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

xx10 xxXxx ST = 2; Ttlm parameter 16 bits

Xx0XX XXXX SP = 0; Ptlm parameter 16 bits

X1XX XXXX SP = 1; Ptlm parameter 32 bits

All other values reserved
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A7.2 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

ti

»n

Zplm IplmY  Iplm™ Iplm"  Iplm™™

7/ 7 7 %

ne] | GO0 077
Nplmi Nplm"

Figure A-18 — Packets length, main header syntax

PLM: Marker code. Table A-35 shows the size and values of the symbol and parameters for the packet lg
main header marker segment.

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

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

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

Every marker segment in this series shall efid-with a completed packet header length. Howeve
series of Iplm parameters described by .the”Nplm does not have to be complete in a given m
segment. Therefore, it is possible that the next PLM marker segment will not have a Nplm para
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 codestream
value for each tile-part. If<a\cddestream contains one, or more, tile-parts exceeding the limitatig
PLM markers, these markers shall not be used.

OTE — This value is expressed with\an 8 bit number limiting the number of Iplm bytes to 255 and the number of packe
e-part to 255, or less. This is not & réstriction on the number of packets that can be in a tile-part. It is merely a limit on this nj
gment’s ability to describe the\packets in a tile-part.

Iplmij: Length ef-the jth packet in the ith tile-part. If packet headers are stored with the packet this 1
includés-the packet header. If packet headers are stored in PPM or PPT this length does not inclug
packet header length. One range of values for each tile-part. One value for each packet in the tile.

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

ngth,

ader.

er of
n the
n the

r, the
arker
meter

One
ns of

sin a
harker

ength
e the

Parameter Size (bits) Values
PEM 16 OxEEST
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®
. . b
Packet length repeated as IXXX XXXX Continue reading
necessary x000 0000 — 7 bits of packet length
x111 1111

1000 0100 0000 0000.

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

© ISO/IEC 2000 — All rights reserved
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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 parameters for the packet lgngth,
tile-part header marker segment.

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

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

The sequence of (Iplti) parameters from this marker segndent is concatenated, in order of increpsing
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 arg,stored with the packet this length includes the packet
header, if packet headers are stored in PRM“or PPT this length does not include the packet hpader
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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A.7.4 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 sfream of the tile-parts are disallowed.

If there is no PPM marker segment then the packet headers can be distributed either in PPT markercsegments or
distrjbuted in the codestream as defined in Annex B.10. The packet headers shall not be in both a PPT marKer segment
and the codestream for the same tile. If the packet headers are in PPT marker segments, they shall appéar in a tilg-part
headpr before the corresponding packet data appears (i.e. in the same tile-part header or one witha lower TPsot vdlue).
Therp may be multiple PPT marker segments in a tile-part header.

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

Nppmi Nppm"

PPM |Lppm | % % | % %

Zppm Ippmij Ippmim Ippmnj 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 packed pjpcket
headers, main header marker segment.

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

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

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

Every marker segment in this series shall end with a completed packet header. However, the series of
Ippm parametérsydescribed by the Nppm does not have to be complete in a given marker segment.
Therefore, it is possible that the next PPM marker segment will not have a Nppm parameter |after
Zppm, butthe continuation of the Ippm series from the last PPM marker segment.

Nppmi:Number of bytes of Ippm information for the ith tile-part in the order found in the codestream.|One
valtie for each tile-part (not tile).

Ippmij: Packet header for every packet in order in the tile-part. The contents are exactly the packet h¢ader
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
Nppm' 32 0— (2321
Ippmij variable packet headers

50
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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 segmenfts or

distr{buted in the codestream as defined in Annex B.10. The packet headers shall not be in both a PPT market segment

and r

he codestream for the same tile. If the packet headers are in PPT marker segments, they shall appear’in-a tild-part
er before the corresponding packet data appears (i.e. in the same tile-part header or one with a lowér, TPsot vdlue).
e may be multiple PPT marker segments in a tile-part header.

head
Ther

Leng

Lppt:
Zppt:

Ippti:

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

Zppt

PPT

Lppt %

%

Ippti

headers, tile-part header marker segment.

Ippt"

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

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

PPT: Marker code. Table A-39 shows the size and values df the symbol and parameters for the packed pjcket

Index of this marker segment relative to-all other PPT marker segments present in the current hefader.

The sequence of (Ippti) parameters {tom this marker segment is concatenated, in order of increfising
Zppt, with the sequences of parameters from other marker segments. Every marker segment ir} this
series shall end with a completéd packet header.

Packet header for every( packet in order in the tile-part. The component index, layer, and resoljtion
level are determined, from the method of progression or POC marker segments. The contentf are
exactly the packet-header which would have been distributed in the bit stream as described Annex [B.10
packet header information.

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

Parameter Size (bits) Values
PPT 16 0xFF61
Lppt 16 4 — 65 535
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.)

A.8.1 Start of packet (SOP)

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

Usage: Optional. May be used in the bit stream 1n front of every packet. Shall only be used if indicated in the proper
marKer segment (see Annex A.6.1). If PPM or PPT marker segments are used then the SOP marker segment may-a
immgediately before the packet data in the bit stream.

If SOP marker segments are allowed (by signalling in the COD marker segment, see Annex A.6.1), each packet i
given tile-part may or may not be prepended with an SOP marker segment (see Annex A.8.1). However, whether
the JOP marker segment is used, the count in the Nsop is incremented for each packet. If the packetheaders are moyed to

aP
imm|

or PPT marker segments (see Annex A.7.4 and Annex A.7.5), then the SOP marker segments may a;
pdiately before the packet body in the tile-part compressed image data portion.

Length: Fixed.

SOP | Lsop | Nsop

Figure A-22 — Start of packet syntax

marker segment.

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

packet in this coded tile this numbg is incremented by one. When the maximum number is reache
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

COD
bpear

L any
T not

bpear

SOP: Marker code. Table A-40 shows the size and values of the symbol and parameters for start of packet

Nsop: Packet sequence number. The first pagket in a coded tile is assigned the value zero. For every succgssive

i, the

52
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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 EFH markers are allowed (by signalling in the COD marker segment, see Annex A.6.1), each packet header ij any
given tile-part may or may not be postpended with an EPH marker segment (see Annex A.8.1). If the packet heade

S are

mov¢d 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.

Length: Fixed.
EPH: Marker code

Table A-41 — End of packet header parameter values

Parameter

Size (bits)

ValueS

EPH

16

0xBF92
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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
Ann¢x A.5.1). However, this may be inappropriate for rendering the image. The CRG marker segment desctibgs the
“cenfer of mass” of each component’s samples with respect to the separation. This marker segment hasnoe’effect on
decofing the codestream.

NOTE — This component registration offset is with respect to the image offset (XOsiz and YOsiz) and thefcomponent sepafation

KRsiz' and YRsizi). For example, the horizontal reference grid point for the left most saniples of component| ¢ is

(
XRsiz® (X Osiz/ XRsizq . (Likewise for the vertical direction.) The horizontal offset denoted in this marker segment is in addition
t¢ this offset.

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

Length: Variable depending on the number of components.

Xerg! Xerg!

N
N

CRG | Lerg AN

Yerg! Yerg"
Figure A-23 — Component registration syntax

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

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

XRsiz’(65 535/65 536) (just before the next sample’s reference grid point). This value is repeatdd for
every component.

Ycrgi: Valire of the vertical offset, in units of 1/65 536 of the vertical separation YRSiZi, for the ith compdnent.

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 component.
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Parameter Size (bits) Values
CRG 16 0xFF63
Lerg 16 6 — 65534
Yr\rgi 16 00— 655335
Yerg! 16 0— 65535

© ISO/IEC 2000 — All rights reserved

55


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

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

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!

COM |Lcom|Rcom |:|

Ccom"

Figure A-24 — Comment syntax

COM: Marker code. Table A-43 shows the size and values of the symbol and. parameters for the comjment
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
Ccom! 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,
subbhnds, and their divisions.

B.1 Introduction to image data structure concepts

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

The fomponents consist of a two dimensional arrays of samples. Each component, c, has pafameters XRsiz®, YRsiz{ (see
Anngx A.5.1) which define the mapping between component samples and the reference grid points. Every comp¢nent
sample is associated with a reference grid point (though not vice versa). This-mapping induces a registratiqn of
components with each other used for coding only.

Eachl component is divided into tiles corresponding to the tiling of the réference grid. These tile-components are coded
independently. Each tile-component is wavelet transformed into several decomposition levels which are relat¢d to
resoljution levels (see Annex F). Each resolution level consistsof\either the HL, LH, and HH subbands from one
decomposition level or the N;LL subband. Thus, there is one moze resolution level than there are decomposition levels.

EacHh subband has its own origin. The subband boundary conditions are unique for each HL, LH, and HH subband.

NOTE — This convention differs from the usual wavelet diagrams which place all subbands for a component in a single spa

[¢]

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

In tHe accompanying figures, boundaries and coordinate axes are shown. In each case, the samples or coeffidients
coing¢ident with the left and upper boundaries are included in a given region, while samples or coefficients along the[right
and/¢r lower boundaries are not included in that region.

Also} in the accompanying formulae, many of the variables have values that can change as a function of component] tile,
or rgsolution level. These\values may change explicitly (through syntax described in Annex A) or implicitly (thrpugh
proppgation). For convenience of notation, some dependencies are suppressed in the discussion that follows.

B.2 Component mapping to the reference grid

All gompoterits (and many other structures in this Annex) are defined with respect to the reference grid. The vafious
parameters defining the reference grid appear in Frgure B-1. The reference grld is a rectangular grld of points with the

age 3 1 : araReters,
(Xsiz, Ysrz) and (XOsrz YOsrz) Specrﬁcally, the image area on the reference grld 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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Thu{
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N

o

th

B.3

The
on th
from

-
XOsiz
(0, 0)
>
XOsi The rows in the figure correspond to boundary
"/ (‘m S1Z, reference grid points. The image area includes
7 G reference grid points at locations (XOsiz,
- / YOsiz) and (Xsiz-1, Ysiz-1), as well as all
> / Image area reference grid points in between.
\i % (Xsiz-1, Ysiz-1)
(0, Ysiz-1)

Figure B-1 — Reference grid diagram

g to the image component. Thus, the samples of component ¢ are mapped to rectangle having upper left
le with coordinates (x, yy) and lower right hand sample with coordinat€s (x;-1, y;-1), where

Xy = (XOSI’ZJ X, = ( Xsizcl Vo = IVYOSZ'ZC“ v, = ( Ysizcw
XRsiz XRsiz YRsiz YRsiz

, the dimensions of component ¢ are given by

(width, height) = (x| —xp, ¥ — Vo)

parameters, Xsiz, Ysiz, XOsiz, YOsiz, XRsiz® and YRsiz® are all defined in the SIZ marker segment (see A
).

OTE — The fact that all components,_share the image offset (XOsiz, YOsiz) and size (Xsiz, Ysiz) induces a registration
mponents.

OTE — Figure B-2 shows an éxaitiple of three components mapped to the reference grid. Figure B-3 shows the image ared
particular image offset with different (XRsiz, YRsiz) values. The upper left sample coordinate, in the image component dg
at is included in the image-area is also illustrated.

Image area/division into tiles and tile-components

Feference grid is partitioned into a regular sized rectangular array of tiles. The tile size and tiling offset are de
e referénce grid, by dimensional pairs (XTsiz, YTsiz) and (XTOsiz, YTOsiz), respectively. These are all paran
theSIZ marker segment (see Annex A.5.1).

hand

B.1

B.2

nnex

f the

from
main,

ined,
\eters

Eve

Tile S X TsiZz Teference grid points wide and Y 15iZ Teference grid points high. 1he top feft corner of the TStk

(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:

58

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) — )
S L b S Qe U S S (XRsiz, YRsiz) = (32— ()

B
—3—#—6—$—6—$—$—$—6——+-

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

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

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

The humber 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.S5
XTsiz YTsiz

For the purposes of this description, it is useful to have tiles indexéd\in terms of horizontal and vertical position. Lefp be

the Horizontal index of a tile, ranging from 0 to numXtiles -1, @ad g be the vertical index of a tile, ranging from| O to
numltiles -1, determined from the tile index as follows:

p = mod(t, numXtiley) q = L;J B.6
numXtiles
whete ¢ is the index of the tile in Figure B-4.

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

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

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

Reference grid
0,0
Image area, (XOsiz, YOsiz) = (3, 2)

Upper left sample coordinate:
For(XR3iZ, YRSIZ =12, 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 (txy, tyg) and (2x;, ty;).

Thu{

With
coort

so th|

B4

The
indu
an ol
of th
from
that

the dimensions of a tile in the reference grid are
(tx) = txg,ty — tyg)

in the domain of image component i, the coordinates of the upper left hand sample are given by (#cx,, tcy) an
Hinates of the lower right hand sample are given by (fcx;-1, tcy;-1), where

1. t t t
texy = Yo tex, = | 20 tey, = Yo tey, =421
XRsiz' XRsiz' YRsiZ' YRsiz'

at the dimensions of the tile-component are

(tex) —texgstey, —tcyg)

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

following example is included to illustrate the mapping of’image components to the reference grid and the
ed by tiling across components with different sub-samphling factors. The example assumes an application in ¥
iginal image with aspect ratio 16:9 is to be compressed with this Recommendation | International Standard. Ch
e image size, image offset, tile size, and tile offset\are used such that an image with aspect ratio 4:3 can be crg
the center of the original image. Figure B-5 shows the reference grid and image areas along with the tiling stry
vill be imposed in this example.

XTOsiz XTsiz
N S
Y \ \\
ML

(XTOsiz, TO | TI ™ T T4 Jg  Tileindex
YTOsiz) number

z TS| T6 | T7 T8 T9

.

d the

B.12

B.13

area
hich
oices

pped
cture

60

T10| T11 T12 T13 T14

RN

M.

T15| T16 T17 T18 T19

Figure B-4 — Tiling of the reference grid diagram

© ISO/IEC 2000 — All rights reserved


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

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

1432

954

Let

(conj
with
XO
Equ4

component 0 is found at (r]@Z‘/ﬂ-l, [954/ 1]—1) = (1 431, 953). The actual size of component O is therefore ]

samy
117)

720

297

396

-

e

All coordinates figure @ﬁn the component domain.

. N .
Figure B-5 — Reference grid example
xO
he reference grid size (Xsiz, Ysiz) b \@2, 954). In this example, the image will cqntain two compo
ponent indices will be represented by@ 0, 1). The sub-sampling factors XRsiz' and YRsiz' of the two compo

respect to the reference grid will XRsiz = YRsiz = 1 and XRsiz' = YRsiz!' = 2. The image offset is set
iz, YOsiz) = (152, 234). Giv ese parameters, the sizes of the two image components can be determined
tion B.1. The upper left cor@ of component 0 is found at ([ 152/11,[234/1 1) = (152, 234). The lower right corn

les in width by 720 %ples in height. The upper left corner of component 1 is found at ( 152/2], [234/2]) =

com

The liles are Q. en to have an aspect ratio of 4:3. In this example, (XTsiz, YTsiz) will be set to (396, 297) and th|
offsets (X , YTOsiz) will be set to (0, 0). The number of tiles in the x and y directions are then determined
Equdtion’ B5 numXtiles = [ 1 432/396| = 4, numYtiles = [954/297] = 4. The tiled image components will ther
cont ir@ total of ¢ = 16 tiles, with tile grid indices p and ¢ in the range 0 < p, g < 4. It is now possible to comput

onent 1 is the; 640 samples in width by 360 samples in height.
V

hents
hents

o be
from
er of
280
(76,

while the lower right corner of that component is found at (1432/21-1,1954/21-1) = (715, 476). The actual sige of

e tile
from
efore

e 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}.
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With

components. To do so, Equation B.12 is used. e,}c

whil
figur
thesd
(XR
2). N
This
coml

With

0,0

(1432, 59
396x297

(1432, 89
(1432, 95

(152, 954) (396, 954) (792, 954)° (1188, 954)

Tiling for component 0. All coordinates in thi@%}ure are in the component domain.

Figure B-6 — Example tile sizg d locations for component 0
.\Q)

the values of tx,, tx;, tyy, and ty; now known(?e locations and sizes of all tiles can be determined for each

evant locations and sizes for component O are shown in Figurg
e the same information is provided for nent 1 in Figure B-7. Of particular interest are the ‘interior’ tiles
es (tiles (1, 1), (1, 2), (2, 1), and (2, 2)). These tiles are not limited in extent by the image area. In component 0,
tiles are the same size. This regularity is a result of the fact that the sub-sampling factors for this componer
izO, YRsizO) = (1, 1). Howewv omponent 1, these tiles are not all the same size because (XRsizl, YRsizl)
otice that tiles (1, 1) and ( e both of size 198 by 148, while tiles (1, 2) and (2, 2) are both of size 198 by
illustrates that the number of samples in the interior tiles of a component can vary depending upon the part
pination of tile size a@)mponent sub-sampling factors.

these choices erence grid, image offset, tile size, and tile offset, the coded image can be cropped directly

desired interior region. The four interior tiles from each component can be retained and will represent a cropped im4

refer
valug
crop
imag

s of somerof the reference grid parameters must change. The image offsets must be set to the coordinates
bin ations, so that (XOsiz’, YOsiz’) = (396, 297) where (XOsiz’, YOsiz’) are the image offsets of the crd

(7192, 297) 4 97)

(1432, 234)

b

1)
b

f the
B-6,
n the
all of
It are
=(2,
149.
cular

o the
ge of

ence gri (792, 594). When such a cropping is performed, it will not be necessary to recode the tiles, byit the

f the

pped
Ksiz’,

e@milarly, the image size must be adjusted to reflect the cropped size (Xsiz’, Ysiz’) = (1 188, 891) where (3

Ysiz

B.S

) are the sizes of the cropped reterence 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.

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

(396, 149) 6, 149

(716, 297

I
I
198x149,
I
I

(716, 446
(716, 477

(76, 477) (198, 477) (396, 4 (594, 477)

Tiling for component 1. All coordinates is tl@%ﬁ%ure are in the component domain.

Figure B-7 — Example tile sizg% locations for component 1
.\@

genefal, a reduced resolution version of a tile-compenent with resolution level, 7, is the subband nLL, where n = N, - r.

This|section describes the dimensions of this reduced resolution.

QY
The piven tile’s coordinates with respect t(ﬁ)} reference grid at a particular resolution level, r, yielding upper left hand
sample coordinates, (trx, tryg) and lc&f right hand sample coordinates, (trx;-1, try;-1), where

trxy = { l;xo tryy = { <o w trx; = ’V fexy w try, = { t;yl w B.14
&

In a pimilar manner, tbg@ coordinates may be mapped into any particular subband, b, yielding upper left hand sample

coorgdlinates (tbxy, t nd lower right hand sample coordinates (tbx;-1, thy;-1) where

§ thxy = cho_(znh_l 'xob)} thyy = Fcyo‘(zn"_l 'yob)“

n, n,

\& > 2
é B.15
rrﬁv "=l g \-l |_ff‘1) M=l g \-l
e — u Dy = 2 >
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

B.6

Con
imag
comj

any
Ccom
comj
allov

The

Subband X0y, Yoy
npHL (horizontally high-pass) 1 0
npLH (vertically high-pass) 0 1
2PPx
0,0
0.0,
(trxg,tryg)
—~
i
&
™ KO K1 K2 K3

K4 K5 K6 K7

K8 K9 K10 | K11

(trxy-1, try;-1)

f/

Figure B-8 — Priecincts of one reduced resolution

Division of resolution levels/into precincts

ider a particular tile-component.and resolution level whose bounding sample coordinates in the reduced resol
e domain are (trx, tryp) and((tnx;-1, try;-1), as already described. Figure B-8 shows the partitioning of thi{
ponent resolution level into precincts. The precinct is anchored at location (0, 0), so that the upper left hand cory
biven precinct in the partition is located at integer multiples of (2PP* 2PPYy where PPx and PPy are signalled 1

or COC marker segments (see Annex A.6.1 and Annex A.6.2). PPx and PPy may be different for each
ponent and resolttipn level. PPx and PPy must be at least 1 for all resolution levels except r = 0 where thg
ed to be zero.

humber.ofi\pfecincts which span the tile-component at resolution level, 7, is given by

ution
tile-
ter of
n the
tile-
y are

B.16

trx, W B ‘ trx,

try -‘_‘ ry,

numprecinctswide = ( — numprecintshigh = ( _

of

T T

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
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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

h h TR 1 1.l kI I | 1 M el 1o 1 ) . P fa mi ) I S | 1 . £ 1 1.1
eac ICSUTUUVUIT IUVUL, UIU CUUCTUIUCKN SIZC 1S DUUIIJaeyu U_)’ |98 w7 Plcblllbl SIZTU. 111U CUUCLTUIULUN SIZU TUL Ldalll SUDUdAIl at a

partifular resolution level is determined as 2°* by 2°*" where

ceb = (min(xcb, PPx—1),forr>0 B.17
min(xch, PPx), forr = 0
and
yeb' = (min(ycb, PPy—1),forr>0 B.13
min(ych, PPy), forr = 0

These equations reflect the fact that the code-block size is constrained both by the'precinct size and the code-block|size,
whoge parameters, xcb and ycb, are identical for all subbands in the tile-component. Like the precinct, the code-plock
partifion 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 = n2*?’

are lpcated at y = m2 , where m and n are integers.

NOTE — Code-blocks in the partition may extend beyond the boundaries,of the subband coefficients. When this happens, on]y the
cpefficients lying within the subband are coded using the method described in Annex D. The first stripe coded using this mpthod
cprresponds to the first four rows of subband coefficients in the cede=block or as many of such rows as are present.

B.8 Layers

The pompressed image data of each code-block is.distributed across one or more layers in the codestream. Each Jayer
cons|sts of some number of consecutive bit-planecoding passes from each code-block in the tile, including all subfands
of al] components for that tile. The number of* coding passes in the layer may vary from code-block to code-block and
may |be as little as zero for any or all code-blocks. The number of layers for the tile is signaled in the COD marker
segnjent (see Annex A.6.1).

For 4 given code-block, the first\coding pass, if any, in layer n is the coding pass immediately following the last cqding
pass|for the code-block in layer)n-1, if any.

NOTE — Each layer suecessively and monotonically improves the image quality.

Laydqrs are indexeddrom O to L-1, where L is the number of layers in each tile-component.

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

The basic building blocks of layers are packets. Packets are created from the code-block compressed image data fro the
prec1ncts 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

[N; decomposition levels.

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

and nHH subbands, as definedinAnnex F, where n = N;-r+1. There are N;+1 resolution levels for a tile-comp

bnent

}:isc:l)lutlon 0 m N,
Ppecinct P,0 Pyl P,.0 Pl P8 Pyi0 Pl
Layer,0 Packet 0 | Packet 0 Packet 0 | Packet O Packet 0 Packet 0 | Packet O
Layer 1 Packet 1 | Packet 1 Packet 1 | Packet 1 Packet 1 Packet 1 | 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
blocl
N

C
N

Pack
cont;
cons

As d
resol
pack]

N
th

{gnificance propagation pass, b = magnitude refinement pass, and ¢ =.eléanup pass (see Annex D).

resolution level Pu0 | Pl | P2
m HL
LH HH
¢ P.6 | Pp7 | P8
PO | Pyl | P2 P.0|P,l|P,2
Pn3 | Ppd | Ppd P3| P4 |P,5
P.6 | Pp,7 | P8 P.6 | P,7 | P8

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

contains only the N;LL band and resolution levels r > 0 contain only the HL, LH and HH bands. Only those d
ks that contain samples from the relevant subband, confined to the precifict, have any representation in the pack

OTE — Figure B-11 shows the organization of code-blocks within a precifictthat form a packet. Table B-3 shows an exam
bde-block coding passes that form packets. In Table B-3 the variables_ay b, and c¢ are code-block coding passes wherj

et data is introduced by a packet header whose syntax is described in Annex B.10 and is followed by a packet
iining the actual code-bytes contributed by each of the televant code-blocks. The order defined above is follow
ructing both the packet header and the packet body:.

escribed in Annex B.6, it can happen that aprécinct contains no code-blocks from any of the subbands at
ution level. When this occurs, all packets-corresponding to that precinct must appear in the codestream as e
bts, in accordance with the packet headerdescribed in Annex B.10.

ode-
et.

ble of
b a =

body
ed in

ome
mpty

OTE — Even when a precinct contains relevant code-blocks, an encoder might choose to include no coding passes whatsoeyer in
e corresponding packet at a given layer: In this case, an empty packet must still appear in the codestream.
T T T
resolution level L e e
m HL I I 0 I |
— Tt
LH HH | | |
Tt T T T Code-blocks within
| | | . .
precinct 5 at resolution
; ; ; ; ; ; fevetm:
-+t P+
I I I I I I
T A I S R
Il Il 6 Il 7 l l 10 l 1 1
T T T T T T
Tt T T
| | | | | |
Figure B-11 — Diagram of code-blocks within precincts at one resolution level
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Table B-3 — Example of packet formation

B.1(

The

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 c 0 C 0
a a 0 a 0

b b 0 b 0 packet,1
c c c c ¢
a a a a a

etc.

LSB b b b b b
c c c c ¢

Packet header information coding

pbackets 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

items in the header are coded with a scheme called tag trees described below. The bits of the packet headq
bd into a whole number of bytes with the bit stuffing routine described in Annex B.10.1.

packet headers appear in the codestream immediately preceding the packet data, unless one of the PPM or

B.1

Bits
hea
pac
hea
O0xF

er segments has been used.Af the PPM marker segment is used, all of the packet headers are relocated to the
1 (see Annex A.7.4). If the PPM is not used, then a PPT marker segment may be used. In this case, all of the pj
rs in that tile are relocated to tile-part headers (see Annex A.7.5).

1  Bit stuffing routine

re packed.into bytes from the MSB to the LSB. Once a complete byte is assembled, it is appended to the p
r. If the valde of the byte is OXFF, the next byte includes an extra zero bit stuffed into the MSB. Once all bits
t header-have been assembled, the last byte is packed to the byte boundary and emitted. The last byte in the p
r-shall not be an OxFF value (thus the single zero bit stuffed after a byte with OxFF must be included even

T are

PPT
main
hcket

hcket
f the
hcket
if the

wonld 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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The
node
mini
mini
tree

fixed

1 is then queried, and so on.

Only

of bifs is halted when sufficient information has been obtained. Also, the hierarchical nature of the tag trees means

the 4

inforjmation is not coded again. Therefore, there is a causality to the information in packet headers.

N

=

i1

=

=

q
i1

B.10

The
Zero

1 3 2 3 5 3
43(0,0)|q5(1,0)|45(2,0) 1 1 )
2 2 1 4 3 2 42(0,0) q2(1,0)
2 2 2 2 1 2 2 2 1
@) original array ol numbers, level 3 ) minimuim ol Tour (or 1ess) nodes, 1evel
1 1 1
q1(0,0) 4q0(0,0)
¢) minimum of four (or Iess) nodes, Ievel T d) minimum of four (or less),nodes, level

Figure B-12 — Example of a tag tree representation

plements of the array are traversed in raster order for coding. The codirig’is the answer to a series of questions.
has an associated current value, which is initialized to zero (the minimum). A O bit in the tag tree means thg
mum (or the value in the case of the highest level) is larger than the current value and a 1 bit means tha
mum (or the value in the case of the highest level) is equal tosthe current value. For each contiguous 0 bit in th
he current value is incremented by one. Nodes at higher levels cannot be coded until lower level node valug
(i.e a 1 bitis coded). The top node on level O (the lowestdevel) is queried first. The next corresponding node on

the information needed for the current code-block is stored at the current point in the packet header. The decq

nswers to many questions will have been* formed when adjacent code-blocks and/or layers were coded.

OTE — For example, in Figure B-124the coding for the number at ¢3(0,0) would be 01111. The two bits, 01, imply that th
bde at g(0,0) is greater than zero@ndhis, in fact one. The third bit, 1, implies that the node at ¢;(0,0) is also one. The fourth
hplies that the node at g,(0,0) (is also one. And the final bit, 1, implies that the target node at ¢g3(0,0) is also one. To decod
ext node g3(7,0) the nodes at g4(0,0), g;(0,0), and g»(0,0) are already known. Thus, the bits coded are 001, the zero says th|
bde at g3(/,0) is greatex than 1, the second zero says it is greater than 2, and the one bit implies that the value is 3. Noy
£(0,0) and q3(1,0) ar¢’known, the code bits for g3(2,0) will be 101. The first 1 indicates g,(1,0) is one. The following 0]

dicates ¢3(2,0) i5/2.'This process continues for the entire array in Figure B-12a.
3  Zerolength packet

irst'bit'in the packet header denotes whether the packet has a length of zero (empty packet). The value O indics

Each
t the
t the
c tag
S are
level

ding
that
This

e top
bit, 1,
e the
ht the
that
then

tes a

length; no code-blocks are included in this case. The value 1 indicates a non-zero length; this case is consi

lered

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).

© ISO/IEC 2000 — All rights reserved

69


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

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

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 laver is included If a code-block is not included nntil a later laver then

only|a partial tag tree is included at that point in the bit stream.

B.10t5  Zero bit-plane information

If a ¢ode-block is included for the first time, the packet header contains information identifying the actudl number gf bit-
plangs used to represent coefficients from the code-block. The maximum number of bit-planes* available for the
reprgsentation of coefficients in any subband, b, is given by M), as defined in Equation E.2, In)general, howevef, the

number of actual bit-planes for which coding passes are generated is M,-P, where the numbet of missing most significant

bit-pjanes, P, may vary from code-block to code-block; these missing bit-planes are all takeir to be zero. The value of P is
codef in the packet header with a separate tag tree for every precinct, in the same manner as the code-block inclpsion
inforjmation.

B.10t6  Number of coding passes

The pumber of coding passes included in this packet from each code-block is identified in the packet header using the
codefvords 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

OTFE — Since the valne of Mb is limited to a maximum value of 37 by the constraints imaned 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

TablgB=-8-andFabte DB-9-

B.10,7.1 Single codeword segment

Ac
isre

eword segment is the number of bytes contributed to a packet by a code-block. The length of a codeword segr
resented by a binary number of length:

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

wheile Lblock is a code-block state variable. A separate Lblock is used for each code-blo¢k’in the precinct.

The

balue of Lblock is initially set to three. The number of bytes contributed by each:eode-block is preceded by sign|

bits that increase the value of Lblock, as needed. A signaling bit of zero indicatesithe current value of Lblock is suffi

If th
num
of cg

N

— O

N
B.10

Let 4
8 an
n;<
Ann
the ¢
in th
codit
repe

Q ~— = O ‘7

ere are k ones followed by a zero, the value of Lblock is incremented by.k. While Lblock can only increasd
ber of bits used to signal the length of the code-block contribution caninerease or decrease depending on the nu
ding passes included.

OTE — For example, say that in successive layers a code-block has 6 bytes, 31 bytes, 44 bytes, and 134 bytes respect
urther assume that the number of coding passes is 1, 9, 2, and 5., The code for each would be 0 110 (0 delimits and 110
D11111 (O delimits, log, 9 = 3 bits for the 9 coding passes, 01 IN(N= 31), 11 0 101100 (110 adds two bits to Lblock, log,

D1100 = 44), and 1 0 10000110 (10 adds one bit to Lblock, log, 5 = 2, 10000110 = 134).

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

' be the set of indices of terminated coding passes included for the code-block in the packet as indicated in Tab

.. < ng be the indices in 7. K lengths are signaled consecutively with each length using the mechanism describ

x B.10.7.1. The first length,is.the number of bytes from the start of the code-block’s contribution in this pack
nd of coding pass n;. The number of added coding passes for the purposes of Equation B.19 is the number of p

e packet up through n7.-Fhe second length is the number of bytes from the end of coding pass, n;, to the ej
\g pass, ny. The namber of added coding passes for the purposes of Equation B.19 is n2-nl. This procedy
ited for all K lengths.

OTE — Consider the selective arithmetic coding bypass (see Annex D.6). Say that the passes included in a packet for a
bde-block arethe cleanup pass of bit-plane number 4 through the significance propagation pass of bit-plane number 6 (see

D, 273, 4} and K = 4 lengths are signaled. The set of lengths to be signalled is {6, 75, 134, 192} and the corresponding num
bding passes that are added is {1, 2, 1, 1}. A valid code bit sequence is 11 1110 (Lblock increased to 8), 0000 0110 (log,1

| Table D-9. If the index final coding pass included in the packet is not a member of 7, then it is added to 7.

hent

B.19

aling
ient.
, the
mber

ively.
=0),
P =1,

e D-

Let
ed in
et to
hsses
nd of

re is

oiven
Table

-9). These passes are indexed as {0, 1, 2, 3, 4} and the lengths are given as {6, 31, 44, 134, 192} respectively. Then 7 =

ber of
=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)

The packet header may be immediately followed by the EPH marker as described in Annex A.8.2. The EPH marke;
appepr regardless of whethérthe packet contains any code-block contributions. In the event that the packet header ap
in a PPM or PPT market-segment, the EPH marker (if used) must appear together with the packet header.

B.11 Tile and tile-parts

bit for zero or non-zero length packet
for each subband (LL or HL, LH and HH)
for all code-blocks in this subband confined to the.fé€levant precinct, in raster order
code-block inclusion bits (if not previously included then tag tree, else one bit)
if code-block included
if first instance of code-block
zero bit-planes information
number of coding passes included
increase of code-block length indicator (Lblock)
for each codeword segment
length of codeword\segment

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

NOTE — Figure(B-13 and Table B-5 show a brief example of packet header construction. Figure B-13 shows the inforn
khown to the enceder. In particular the “inclusion information” shows the layer where each code-block first appears in a p|
Tihe decoder\will receive this information via the inclusion tag tree in several packet headers. Table B-5 shows the resulti
sfream (in ‘part) from this information.

0 0 2 3 4 7 3 2 — 4 4
2 1 1 3 3 6 — | — | — — | —
Tnclusion tag tree ZETo bit-plancs tag tree  # of coding passes (ayer 1) Length information (Jayef 1)
3 — | — 10 | —
0 1 3 6
— 1 1 — 1
0 3

may
pears

hation
hcket.
hg bit

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 inclusien tag tree)
01 Code-block 1,0 insignificant for 4 bit-planes
10 Code-block 1,0 has 2 coding passes, iricluded
10 Code-block 1,0 length indicator is increased by 1 bit (3 to 4)
00100 Code-block 1,0 has 4 bytes,5 bits are used 4 + floor(log, 2),
(Note that while this is a legitimatéentry, it is not minimal in code length.)
0 Code-block 20 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 1,1 length information is 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 included
0 Code-block 2,1 length indicator is‘unchanged
010 Code-block 2,1 has 2 bytes, 34 log, 1 bits used
hadd Packet header data for the other subbands, packet data

The pequence of packets representing any particular tile may be’divided into contiguous segments known as tile-parts.
Any [number of packets (including zero) may be contained in“a‘tile-part. Each tile must contain at least one tile-parf. The
divisions between tile-parts must occur at packet boundaries: While tiles are coherent geometric areas, the tile-party may
be distributed throughout the codestream in any desired fashion, provided tile-parts from the same tile appear in the prder
that preserves the original packet sequence. Each tilerpart commences with an SOT marker segment (see Annex Al4.2),
contgining the index of the tile to which the tile<part'belongs.

NOTE — It is possible to interleave tile-parts from different tiles, as long as the order of the tile-parts from every tile is pres¢rved.
For example, a legitimate codestream mighthave the following order

Tile number 0, tile-part number 0
Tile number 1, tile-part number 0
Tile number 0, tile-part Aumber 1
Tile number 1, tile;part-iumber 1

etc.

If SQP markersegments are allowed (by signalling in the COD marker segment, see Annex A.6.1), each packet ip any
given tile-part-miay be prepended with an SOP marker segment (see Annex A.8.1). However, whether or not the| SOP
marKer segnient is used, the count in the Nsop is incremented for each packet. If the packet headers are moved to a|PPM
or PP marker segments (see Annex A.7.4 and Annex A.7.5), then the SOP marker segments may appear immedjately
beforethe packet body T the tite=part compressed immage data portior:

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

ized

corresponds to the N, 1.1, subband is the first resolution level (+ = 0) for all components. The indices are synchro
from| that point on.

NOTE — For example, take the case of resolution level-position-component-layer progression and two compenents with 7

r¢solution levels (6 decomposition levels) and 3 resolution levels (2 decomposition levels) respectively. The r = () will corregpond

t¢ the N;LL subband of both components. From r = 0 to r = 2 the components will be interleaved as described below. From|r = 3

t¢ r = 6 only component 0 will have packets.
B.12l11  Progression order determination
The £OD marker segments signal which of the five progression orders are used (see AnnexA.6.1). The progression prder
can glso be overridden with the POC marker segment (see Annex A.6.6) in any tile-part header. For each of the pogsible
progression orders the mechanism to determine the order in which packets are incliided is described below.
B.1211.1 Layer-resolution level-component-position progression
Laydgr-resolution level-component-position progression is defined as the“interleaving of the packets in the following
ordef:

foreach [=0,..., L-1

foreach r=0,..., N4
for each i = 0,..., Csiz-1
for each k = 0,..., numprecincts-1
packet for component i, resolution level r, layer /, and precinct k.

Herg, L is the number of layers and N, is the'maximum number of decomposition levels, Ny , used in any comp¢nent
of the tile. A progression of this type might be useful when low sample accuracy is most desirable, but informatipn is
needpd for all components.
B.1211.2 Resolution level-layer-¢omponent-position progression
Resdlution level-layer-compg@nent-position progression is defined as the interleaving of the packets in the following
ordef:

for each r = 0,..., Ny

for each [ =0/~ L-1
for each’i'=0,..., Csiz-1
for'each k = 0,..., numprecincts-1
packet for component i, resolution level r, layer /, and precinct k.

A pregfession-of-this-type-might be-usefalinprovidinglowreselationlevelversions-of allimage-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:
for each r=0,..., N,

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

for each x = tx,..., tx;-1,
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Positfion-component-resolution level-layer progression is defined as.the interleaving of the packets in the following
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foreach i =0,..., Csiz-1

PPy(r,i)+ N, —r

if (y = tyy or y divisible by YRsiz(i) - 2 )

if (x = x, or x divisible by XRsiz(i) - 2' 00N
for the next precinct k,
foreach [=0,..., L-1

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

P 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 )
ZPPX()’, i) 2PPX(V, i) ZPP},()’, i) 2PP},(V, 7)

be this progression, XRsiz and YRsiz values must be powers of two for each component. A“progression of this
t be useful in providing low resolution level versions of all image components at a paitieular spatial location.

OTE — The iteration of variables x and y in the above formulation is given for simplicity only. of expression, not implemen
lost of the (x,y) pairs generated by this loop will generally result in the inclusion of n@packets. More efficient iterations d
und based upon the minimum of the dimensions of the various precincts, mapped into the reference grid. This note also app
e loops given for the following two progressions.

1.4 Position-component-resolution level-layer progression

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

if (y = tyg or y divisible by YRsiz(n - 2" >N

if (x = tx, or x divisible by XRsiz(i) - 2 )
for the next precinct, k, in the sequence shown in Figure B-8
for each:=0,..., L-1

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

e above, k can be obtained‘from Equation B.20. To use this progression, XRsiz and YRsiz values shall be pow
or each component; Aprogression of this type might be useful in providing high sample accuracy for a part
pl location in all Comiponents.

1.5 Component-position-resolution level-layer progression

ponentspesition-resolution level-layer progression is defined as the interleaving of the packets in the following
reach'i =0,..., Csiz-1

B.20

type

ation.
an be
ies to

rder:

brs of
cular

rder:

foreach vw—tu PAVI |
J 7

76

o> T =3

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

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

In the above, k can be obtained from Equation B.20. A progression of this type might (be) useful in providing [high
accufacy for a particular spatial location in a particular image component.

B.1212  Progression order volumes

The progression order default is signaled in the COD marker segment in the{main header or tile headers (see Alnnex
A.6.]). The progression loops of Annex B.12.1 all go from zero to the maxithum value.

Lt}

If this progression order is to be changed the POC marker segment is<iised (see Annex A.6.6). In this case, the “for 1qops
described in Annex B.12.1 are limited by start points (CSpoc, RSpoc, Layer = 0, inclusive) and end points (CEpoc,
REp¢c and LEpoc, exclusive). This creates a progression order volumne of packets. All the packets included in the gntire
progtession order volumne are found in order in the codestreani-before the next progression order change takes effect. No
packpt is ever repeated in the codestream. Therefore, the layer always starts with the next one for a given tile-compopent,
resoljution level, and precinct. The decoder is required to.determine the next layer.

Thuy, the variables in the above loops are bounded by the progression order volumne as described in Equation B.21

CSpod<i< CEpod
RSpod <r<REpod B.21
0<I<LEpod

NOTE — Figure B-14 shows-anexample of two progression volumes for a single component image. First packets are s¢nt in
r¢solution level-layer-component-position progression until the box labeled “First” in the figure is complete; then packets ar¢ sent
iy layer-resolution level=cofmponent-position progression for the layers of all resolution levels which were not previously senf.

B.1213  Progression‘order change signalling

If th¢re is a progression order change than at least one POC marker segment shall be used in the codestream (see Annex
A.6.¢). Therecan only be one POC marker segment in a given header (main or tile-part) but that marker segmenf can
descfibe 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 main header POC marker segment (if there is one) are overridden.

If there are progression order changes signalled by POC marker segments (whether in the main header or the tile-part
headers), then all the order of all the packets in the codestream, or the 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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POC [T POV1 | [POV2 POV?2 cont. POV3
Tile-part O Tile-part 1 Tile-part 2

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

orde
prog

POC POV1 | | POV2 POV?2 cont. POC [T POV3
Tila mnart O tee Tila wnart 1 i Tila nart D
Fie-part0 File-partt THepatt

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

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

volumne is filled and the next one is not defined. On the other hand, the POC marker segments may describe
Fession order volumes than exist in the codestream. Also, the last progression order volumne in each tile m

incomplete.

The

incly
befo
head|

N
0
ti

POC marker segments shall describe progression order volumes in order in-any tile-part header before thg
ded packet appears. However, the POC marker may be, but is not required te be, in the tile-part header immed
e the progression order volumne is used. It is possible to describe mdny progression order volumes in a tilg
er even though those progression order volumes do not appear until Jater tile-parts.

OTE — For example, all of the progression order volumes can be described*one POC marker segement in the first tile-part |
[ a tile. Figure B-15a shows this scenario. Equally acceptable, in this¢case, is describing two progression order volumes in th
e-part 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.

C1

Figufe C-1 shows a simple block diagram of the binary adaptive arithmetic encoder. The decision (D) and’ context
pairg are processed together to produce compressed image data (CD) output. Both D and CX are provided by the n

unit

a labgl for a context.

C.1.

The

each|binary decision the current probability interval is subdivided into two sub-intervals, and the code string is mod
(if ngcessary) so that it points to the base (the lower bound) of the probability sub-interval assigned to the symbol &
occufred.

In thp partitioning of the current interval into two sub-intervals, the subsinterval for the more probable symbol (MH
ordefed above the sub-interval for the less probable symbol (LPS). Therefore, when the MPS is coded, the LPS
interjal is added to the code string. This coding convention requires that symbols be recognized as either MPS or
rathgr than O or 1. Consequently, the size of the LPS interval and-the sense of the MPS for each decision must be ki
in orfler to code that decision.

Sincg the code string always points to the base of the curtrent interval, the decoding process is a matter of determinin
each|decision, which sub-interval is pointed to by. fhe compressed image data. This is also done recursively, usin
samg interval sub-division process as in the encoder. Each time a decision is decoded, the decoder subtracts any inf
the epcoder added to the code string. Therefore,-the code string in the decoder is a pointer into the current interval rel
to the base of the current interval. Sinee' the coding process involves addition of binary fractions rather
concptenation of integer code words, the more probable binary decisions can often be coded at a cost of much less
one bit per decision.

C.1.

The

valugs in which 0x8000)iS equivalent to decimal 0,75. The interval A is kept in the range 0,75 < A < 1,5 by doubl
whenever the integer value falls below 0x8000.

The
com
data

Binary encoding (informative)

not shown). CX selects the probability estimate to use during the coding of D. In this International Standard, (

| Recursive interval subdivision (informative)

Fecursive probability interval subdivision of Elias coding is the basis for the bindry)arithmetic coding process.

2 Coding conventions,and approximations (informative)

coding operations are done using fixed precision integer arithmetic and using an integer representation of fract

code register C is also doubled each time A is doubled. Periodically — to keep C from overflowing — a by

uffer. Carry-over into the external buffer is prevented by a bit stuffing procedure.

CX)
rodel
X is

With
ified
hich

S) is
sub-
LPS,
NOWn

y, for
o the
erval
ative
than
than

jonal
ng it

te of

Fessed image data is removed from the high order bits of the C-register and placed in an external compressed ifnage

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

C.1

C2

Whe
the [
is thg

With

A - Qe = sub-interval for the MPS
Qe = sub-interval for the LPS

hever the MPS is coded, the value of Qe is added to the code register and the interval is reduced tQ'A - Qe. Whe
PS is coded, the code register is left unchanged and the interval is reduced to Qe. The precision‘range required
n restored, if necessary, by renormalization of both A and C.

the process illustrated above, the approximations in the interval subdivision process(can sometimes make the

sub-interval larger than the MPS sub-interval. If, for example, the value of Qe is 0,5and A is at the minimum all

valug

of 0,75, the approximate scaling gives 1/3 of the interval to the MPS and~2/3 to the LPS. To avoid this

invegsion, the MPS and LPS intervals are exchanged whenever the LPS interval is larger than the MPS interval,

MPS

Whe

/LPS conditional exchange can only occur when a renormalization is needed.

hever a renormalization occurs, a probability estimation process{is invoked which determines a new probal

estinpate for the context currently being coded. No explicit symbol:¢ounts are needed for the estimation. The re

prob
is us

C.2

The
pass

hbilities of renormalization after coding an LPS or MPS provide-an approximate symbol counting mechanism v
ed to directly estimate the probabilities.

Description of the arithmetic encoder (informative)

d on to ENCODE until all pairs have been-read. The probability estimation procedures which provide ada

estinpates of the probability for each context-ate imbedded in ENCODE. Bytes of compressed image data are output

nece
poss
mark

N
S

C.2.

The

ssary. When all of the CX and D pairs have been read, FLUSH sets the contents of the C-register to as many 1 b
ble and then outputs the final bytes. FLUSH also terminates the encoding and generates the required termin
er.

OTE — While FLUSH is required in ITU-T Rec.T.88 | ISO/IEC 14492, it is informative in this specification. Other me
ich as that defined in Anpex.D.4.2, are acceptable.

| Encoder coderegister conventions (informative)
How charts given in this Annex assume the register structures for the encoder shown in Table C-1.

Table C-1 — Encoder register structures

C3
C4

hever
for A

LPS
pwed
size
This

bility
ative
hich

ENCODER (Figure C-2) initializes the enceder through the INITENC procedure. CX and D pairs are read and

ptive
when
its as
ating

hods,

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 ¢0f the compressed image data are removed from the C-register. The “c” bit is a
carry bit. The detailed description of bit stuffing and the handling of carry-over will be given in a later part of this Apnex.

C.2. Encoding a decision (ENCODE) (informative)

The ENCODE procedure determines whether the decision D is a 0 or not. Then a CODEO or a CODEI1 procedyre is
called appropriately. Often“embodiments will not have an ENCODE procedure, but will call the CODEO or CQDE1
procgdures directly to,.eode a O-decision or a 1-decision. Figure C-3 shows this procedure.

C.2. Encoding.a 1 or a 0 (CODE1 and CODEO0) (informative)

Wheh a given-binary decision is coded, one of two possibilities occurs — the symbol is either the more probable symbol
or it fis the less probable symbol. CODEI and CODEQ are illustrated in Figure C-4 and Figure C-5. In these figureq, CX
is th¢ ¢ontext. 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) 1s 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

No Yes

CODE1 CODE0(

Done

D=20?
Y

Figure C-3 — ENCODE procedure

{ Done )

Figure C-4 — CODE1 procedure

No~“MPS(CX) = 02

Yes

CODELPS CODEMPS

U:

Done

Figure C-5 — CODEO procedure
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No

Y

A = Qe(I(CX))

A < Qe(I(CX))?

Yes

Y

C = C + Qe(I(CX))

Y

MPS(CX) = 1 — MPS(CX)

SWITCH(I(CX))

=17

\

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 SWITCH
(hexadecimal) (binary) (decimal)
0 0x5601 0101 0110 0000 0001 0,503 937 1 1 1
1 0x3401 0011 0100 0000 0001 0,304 715 2 6 0
2 0x1801 0001 1000 0000 0001 0,140 650 3 9 0
3 0x0ACl1 0000 1010 1100 0001 0,063 012 4 12 0
4 0x0521 0000 0101 0010 0001 0,030 053 5 29 0
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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 0100 0000 0001 0,492 218 8 14 0
8 0x4801 0100 1000 0000 0001 0,421 904 9 14 0
9 0x3801 0011 1000 0000 0001 0,328 153 10 14 0
10 0x3001 0011 0000 0000 0001 0,281 277 11 17 0
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 00006001 0,328 153 19 17 0
19 0x3401 0011 0100:0000 0001 0,304 715 20 18 0
20 0x3001 0010000 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 0x08A1 0000 1000 1010 0001 0,050 561 33 30 0
33 0x0521 0000 0101 0010 0001 0,030 053 34 31 0
34 0x0441 0000 0100 0100 0001 0,024 926 35 32 0
35 0x02Al 0000 0010 1010 0001 0,015 404 36 33 0
36 0x0221 0000 0010 0010 0001 0,012 474 37 34 0
37 0x0141 0000 0001 0100 0001 0,007 347 38 35 0
38 0x0111 0000 0001 0001 0001 0,006 249 39 36 0
39 0x0085 0000 0000 1000 0101 0,003 044 40 37 0
40 0x0049 0000 0000 0100 1001 0,00L671 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 0000~L001 0,000 206 44 41 0
44 0x0005 0000 0000~0000 0101 0,000 114 45 42 0
45 0x0001 000690000 0000 0001 0,000 023 45 43 0
46 0x5601 0101 0110 0000 0001 0,503 937 46 46 0

C2.5

Tabl
binal

Qe v

b Probability estimation (informative)

b C-2 shows, the Qe value associated with each Qe index. The Qe values are expressed as hexadecimal intege
y integers, and as decimal fractions. To convert the 15 bit integer representation of Qe to the decimal probabilit
plues are-divided by (4/3) * (0x8000).

The

pstitmator can be defined as a finite-state machine — a table of Qe indexes and associated next states for each tv

S, as
. the

e 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 )

Y

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 LPS renormalization, NLPS gives the new index for the LPS probability estimate. If the switch is 1, the [MPS
symbol sense is reversed.

The |ndex to the current estimate is part of the information stored for context CX. This index is used as the index fo the
tablel of values in NMPS, which gives the next index for an MPS renormalization. This index is saved in the cqntext
storage athCX. 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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A

<

A=A<«1
C=Cxk«1
CT=CT-1

BYTEOUT

Figure C-8 — Encoder-renormalisation procedure

-
A

A AND 0x8000 =0

The RENORME procedure for the encoder renotmalization is illustrated in Figure C-8. Both the interval register A and
the dode register C are shifted, one bit at a‘time. The number of shifts is counted in the counter CT, and when (T is
counted down to zero, a byte of compressed image data is removed from C by the procedure BYTEQUT.
Rengrmalization continues until A is noJonger less than 0x8000.

C.2g Compressed image data-output (BYTEOUT) (informative)

The BYTEOUT routine called from RENORME is illustrated in Figure C-9. This routine contains the bit-styffing
procgdures which are peeded to limit carry propagation into the completed bytes of compressed image data.| The
conventions used make )it impossible for a carry to propagate through more than the byte most recently written tp the

compressed image data buffer.

The procedurein the block in the lower right section does bit stuffing after a OxFF byte; the similar procedure on thg left

is fof the.case where bit stuffing

B is the O cgtob Re-¢
If the carry bit is set, it is added

is not needed.

to B and B is again checked to see i

f a bit n

snotal byte,the-carry-bitis-checked.
eeds 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

C < 0x8000000?

B=B+1
No
Yes

C =C AND\Ox7FFFFFF >

Y \ 4
BP=BP+1 BP=BP+1
B=C>>19 B=C>>20

C =C AND 0x7FFFF C = C AND OXFFFFF
CT =8 CT=7
\ 4
Done

Figure C-9 — BYTEOUT procedure for encoder

C.2.8 Initialisatien of the encoder (INITENC) (informative)

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

The Interyval register and code register are set to their initial values, and the bit counter is set. Setting CT = 12 reflec}s the

ba-flHad Lbaf 4+l £ald £ haiak thha ledo
OUTIICU OCTOTC IO TICTU T O WINCIT tIICT O y oS are

faCt uat th\./l\./ dare thl\./b DPC{\;\-I bitb ;11 th\- l\zslbt\zl VVhi\zh ll\-\./d t\}
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://standardsiso.com/api/?name=4b21e51baf0cea32a2e1ff5f39391bcf

( INITENC )

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

( Done )

Figure C-10 — Initialisation of the encoder

compressed image data. This guarantees that any marker codeatthe end of the compressed image data will be recoghized
and interpreted 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
exclysive upper bound for the C-register is the sum‘of the C-register and the interval register. The low order 16 bits|of C
are fprced to 1, and the result is compared to thésupper bound. If C is too big, the leading 1-bit is removed, reducing C to

a valpe which is within the interval.

The pyte in the C-register is then completed by shifting C, and two bytes are then removed. If the byte in buffer, B, |is an
OxFH then it is discarded. Otherwisebuffer 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 reduction pf the
bjt stream is allowed in this Recommendation | International Standard provided correct decoding is assured (see Table D.4.2}.
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c=C CT

BYTEOUT

Yes

B = 0xFF?

No

BP = BP +(? Discard B

¢

Y

( Done )

Figure C-11 — FLUSH procedure
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( SETBITS )

Y

TEMPC =C+ A
C = C OR 0xFFFF

No " ¢ > TEMPC?

Yes

C=C-0x8000

'

Y

( Done )

Figure C-12 — Setting the final bits inthe 'C register

C3 Arithmetic decoding procedure

Figufe C-13 shows a simple block diagram of a binary adaptive arithmetic decoder. The compressed image data CI) and
a context CX from the decoder's model unit (not shown)-are input to the arithmetic decoder. The decoder's output {s the
decigion D. The encoder and decoder model units need to supply exactly the same context CX for each given decisipn.

The DPECODER (Figure C-14) initializes the degodér through INITDEC. Contexts, CX, and bytes of compressed iinage
data (as needed) are read and passed on to DECODE until all contexts have been read. The DECODE routine decodgs the
binafy decision D and returns a value of either 0 or 1. The probability estimation procedures which provide adaptive

estinpates of the probability for eachycontext are embedded in DECODE. When all contexts have been read|, the
compressed image data has been decompressed.

CD

> DECODER D

CX »

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

Y

INITDEC

D = DECODE

No

Finished?

Figure C-14 — Decodey-for the MQ-coder

C3.1 Decoder code register conventions
The flow charts given in this Annex assume the register structures for the decoder shown in Table C-3.

Table C-3 — Decoder register structures

MSB LSB

Chigh register XXXX XXXX XXXX XXXX

Clow register bbbb bbbb 0000 0000

A-register aaaa aaaa aaaa aaaa

Chigh and Clow“can be thought of as one 32 bit C-register in that renormalization of C shifts a bit of new data frofn the
MSH of €low to the LSB of Chigh. However, the decoding comparisons use Chigh alone. New data is inserted info the
“b” Bits.of*Clow one byte at a time.

The detailed description of the handling of data with stuff-bits will be given later in this Annex.

Note that the comparisons shown in the various procedures in this 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 Chigh < Qe(I(CX))D>XES

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 to the sub-interval allocated to all binary decisions not yet decoded. In the first test ih the
DE(ODE procedure illustfated in Figure C-15 the Chigh register is compared to the size of the LPS sub-interval. Upless
a comditional exchange Gsneeded, this test determines whether a MPS or LPS is decoded. If Chigh is logically greater
than jor equal to the L RS probability estimate Qe for the current index I stored at CX, then Chigh is decremented by that
amount. If A is naetless than 0x8000, then the MPS sense stored at CX is used to set the decoded decision D.

When a renermalization is needed, the MPS/LPS conditional exchange may have occurred. For the MPS path the
conditionalexchange procedure is shown in Figure C-16. As long as the MPS sub-interval size A calculated as thq first
step jri-Figure C-16 is not logically less than the LPS probability estimate Qe(I(CX)), an MPS did occur and the dedjision
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)

No Yes

A < Qe(I(CX))?

Y Y

D = MPS(CX) D =1 — MPS(CX)
I(CX) = NMPS(I(CX)) T

WITCH(I(CX)) = I}

Y

MPS(CX) = 1 — MPS(CX) >

Y

HCX) = NLPS(I(CX))

A\ 4
{ Return D )

Figure C-16 +- Decoder MPS path conditional exchange procedure

the gonditional exchange occurred’so the decision and update are for the MPS case. On the right path, the LPS degision
and yipdate are followed.

C.J3.3 Renormalization in the decoder (RENORMD)

The RENORMD ‘procedure for the decoder renormalization is illustrated in Figure C-18. A counter keeps track of the
number of comipressed bits in the Clow section of the C-register. When CT is zero, a new byte is inserted into Clow {n 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 0x80(0.

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)

l

A < Qe(I(CX))?

No

A 4

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

MPS(CX) = 1 — MPS(CX)

: 4

Y

I(CX) = NLPS(I(CX))

Y

{ Return D )

Figure C-17 =< Decoder LPS path conditional exchange procedure
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96

No

( RENORMD )

¢
y

A

CT =07

Yes

BYTEIN

Qx>

Q
—
I

@]
—

A AND 0x8000 =0

Figure C-18 — Decoder renormalisation procedure

Y

BP=BP+1

Bl > 0x8F?

BYTEIN

Y

A

BP = BP + 1
C=C+(B<<38)
CT=8

C=C+

0xFF00

C=C+(B 9)
CT=7

CT

=8

Y

y

( Done )

Figure C-19 — BYTEIN procedure for decoder
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(  INITDEC )

Y

BP = BPST
C=B<<16

BYTEIN

Y

C=C<<7
CT=CT-7
A =0x8000

Y

{ Done )

Figure C-20 — Initialisation of the decoder

B is the byte pointed to by the compressed image data buffer pointer BR_If B is not a OxFF byte, BP is incremented and
the new value of B is inserted into the high order 8 bits of Clow.

If B |is a OxFF byte, then B1 (the byte pointed to by BP+1) is-tested. If B1 exceeds 0x8F, then B1 must be one df the
marKer codes. The marker code is interpreted as required, and the buffer pointer remains pointed to the OxFF prefix gf the
marKer code which terminates the arithmetically compressed image data. 1-bits are then fed to the decoder untjl the
decofing is complete. This is shown by adding OxFF00\to the C-register and setting the bit counter CT to 8.

is not a marker code, then BP is incrementgd to point to the next byte which contains a stuffed bit. The B is added
C-register with an alignment such that\the stuff bit (which contains any carry) is added to the low order Bit of

Initialisation of the decoeder (INITDEC)

NITDEC procedure is used to'start the arithmetic decoder. After MPS and I are initialized, the basic steps are shown

e pointer to the compressed image data, is initialized to BPST (pointing to the first compressed byte). The first|byte
of thp compressed image data is shifted into the low order byte of Chigh, and a new byte is then read in. The C-regisfer is
then [shifted by /.bits and CT is decremented by 7, bringing the C-register into alignment with the starting value of A{ The
interpal register™A is set to match the starting value in the encoder. The initial settings for MPS and I are shown in Table
D-7.

C.3. 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.)

O(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

Codg
elem
each

signifficance propagation, magnitude refinement, and cleanup. For each pass contexts are created which are provid

the 4

D.1

Each

column are scanned, followed by the first four coefficients of the second columin and so on, until the right side g

code

column is scanned. The process is continued to the bottom of the code-block. If the code-block height is not divisib

4, th
the d

D.2

D.2.

The
bits
and ¢
of tr3
valug

incly

[Annex defines the modeling and scanning of transform coefficient bits.

-blocks (see Annex B) are decoded a bit-plane at a time starting from the most significant bit-plane with,a non
ent to the least significant bit-plane. For each bit-plane in a code-block, a special code-block scan pattern is use
of three coding passes. Each coefficient bit in the bit-plane appears in only one of the three coding passes ¢

rithmetic coder, CX, along with the bit stream, CD, (see Annex C.3).

Code-block scan pattern within code-blocks

bit-plane of a code-block is scanned in a particular order. Starting at the top left, the first four coefficients of thg
-block is reached. The scan then returns to the left of the code-block ard the second set of four coefficients in

e last set of coefficients scanned in each column will contain fewer than 4 members. Figure D-1 shows an examy
pde-block scan pattern for a code-block.

Coefficient bits and significance
| General case notations

lecoding procedures specified in this Annex produce for each transform coefficient (, v) of subband b the dec
vhich will be used to reconstruct the transform coefficient value ¢(u, v) . The bits produced are: a sign bit s,(
number N,(u, v) of decoded magnitude’MSBs, ordered from most to least significant: MSB,(b, u, v) is the ith
nsform coefficient (u, v) of subband b (i = 1, ..., N,(u, v) ). As indicated in Equation D.1, the sign bit s, (u, v)
of one for negative coefficients and of zero for positive coefficients. The number N, (u,v) of decoded N

des the number of all zefo'most significant bit-planes signalled in the packet header (see Annex B.10.5).
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Figure D-1 — Example scan pattern of a code-block bit-plane
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D.2.2 Notation in the case with ROI

In the case of the presence of the RGN marker segment (indicating the presence of an ROI), modifications need to be
made to the decoded bits, as well as the number of decoded bits 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

Eact
initig
deco|
the 1

coefficient is the binary vector consisting of the significance states of its 8 nearest-neighbor coefficients, as shoy

Figu
treat

In gg
cont
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codit
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ding of the code-block. The “significance state” changes from insignificant to significant (see the section)belo

e D-2. Any nearest neighbor lying outside the current coefficient’s code-block is regarded as insignificant (i.e
bd as having a zero significance state) for the purpose creating a context vector for decoding(th€ current coeffic

neral, a current coefficient can have 256 possible context vectors. These are clustered) into a smaller numb
xts according to the rules specified below for context formation. Four different contéxt formation rules are de
for each of the four coding passes: significance coding, sign coding, magnitude)refinement coding, and clg

a significance propagation pass, magnitude refinement coding in a magnitude.refinement pass, and cleanup and
codifg in a cleanup pass. For a given coding operation, the context label (dr context) provided to the arithmetic c
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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 Ilhe first step, the two vertical neighbors (see Figure D-2) are considered together. Each neighbor may have-epe of
threq states: significant positive, significant negative, or insignificant. If the two vertical neighbors are both signifllcant
with|the same sign, or if only one is significant, then the vertical contribution is 1 if the sign is positive on<1.if the sifgn is
negafive. If both vertical neighbors are insignificant, or both are significant with different signs\then the veftical
contfibution is 0. The horizontal contribution is created the same way. Once again, if the neighbors.fall outside the ¢ode-
block they are considered to be insignificant. Table D-2 shows these contributions.

Table D-1 — Contexts for the significance propagation and cleanup eoding passes

LL and LH subbands HL subband HH subband Context
(vertical high-pass) (horizontal high-pass) (diagonally high-pass) label?
2H; 2V; >D; 2H; 2V 2D; 2(H+V)) 2D;
2 xP X X 2 X X >3 8
1 21 X 21 1 X 21 2 7
1 0 21 0 1 =1 0 2 6
1 0 0 0 1 0 22 1 5
0 2 X 2 0 X 1 1 4
0 1 X 1 0 X 0 1 3
0 0 22 0 0 >2 22 0 2
0 0 1 0 0 1 1 0 1
0 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 identifiers used
is a matter-of implementation.
b.[ x=donetcare.

The gecond step reduces the nine permutations of the vertical and horizontal contributions into 5 context labels. Tabje D-

3 ShUWD thCDC bUlltC)\t la‘UC}b. Tllib bUlltU/\t ib }JlUViC‘lCd tU tllC al itlllllctib dUbUdCl Wltll thC blt Dtl Cdaltil. ThC blt 1ctu1 1T d, 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 [context is passed to the arithmetic coder along with the bit stream. The bit returned is the value of the current
coefficient in the current bit-plane.

D.3. Cleanup pass

All the remaining coefficients are insignificant and had the context value of zero durinig’the significance propagption
pass{ These are all included in the cleanup pass. The cleanup pass not only uses thg'neighbor context, like that gf the
signifficance propagation pass, from Table D-1, but also a run-length context.

Duripg this pass the neighbor contexts for the coefficients in this pass are recfeated using Table D-1. The context [label
can fjow have any value because the coefficients that were found to be significant in the significance propagation pags are
consjdered to be significant in the cleanup pass. Run-lengths are deCoded with a unique single context. If the|four
contfguous coefficients in the column being scanned are all decoded in.the cleanup pass and the context label for al is O
(inclpding context coefficients from previous magnitude, significanee and cleanup passes), then the unique run-lgngth
contgxt is given to the arithmetic decoder along with the bit stream. If the symbol O is returned, then all four contiguous
coefficients in the column remain insignificant and are set to zeto.

Otherwise, if the symbol 1 is returned, then at least one\of the four contiguous coefficients in the column is significant.
The pext two bits, returned with the UNIFORM context (index 46 in Table C-2), denote which coefficient from the tpp of
the cplumn down is the first to be found significant. The two bits decoded with the UNIFORM context are decoded MSB
then|LSB. That coefficient’s sign bit is deterrnined as described in Annex D.3.2. The decoding of any remajning
coefficients continues in the manner described in Annex D.3.1.

If th¢ four contiguous coefficients inla-column are not all decoded in the cleanup pass or the context bin for any isfnon-
zero/ then the coefficient bits are, deeeded with the context in Table D-1 as in the significance propagation pass. The pame
cont¢xts as the significance prepagation are used here (the state is used as well as the model). Table D-5 shows the Jogic
for the cleanup pass.

If there are fewer than,four rows remaining in a code-block, then no run-length coding is used. Once again, the
signifficance state of.any coefficient is changed immediately after decoding the first 1 magnitude bit.

D.3.% Example of coding passes and significance propagation (informative)

Tabl¢ D26.shows an example of the decoding order for the quantized coefficients of one 4-coefficient column in the pcan.
This|eXample assumes all neighbors not included in the table are identically zero, and indicates in which pass each pit 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://standardsiso.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 £ with UNIFORM? coefficients to
decoded are zero
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 g
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 column]

a. |See Annex C.

Table D-6 — Example of sub-bit-plane coding order and significance propagation

10 1 3 -1 Coefficient value
+ + + - Coefficient sign
Coding Passes

1 0 0 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+

Raf vs

Refinement 5 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).
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Table D-7 — Initial states for all contexts

Whe
pack]

N
a

D4.

The
the a

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 0

Table D-8 — Arithmetic coder termination patterns

4 Pass .CO(.iing Operation Codi?g Operadtion
Termination only on last pass Termination ‘en’every pass
1 cleanup Arithmetic Coder (AC) AC, terminate
2 significance propagation AC AC, terminate
2 magnitude refinement AC AC, terminate
2 cleanup AC AC, terminate
final | significance propagation AC AC, terminate
final magnitude refinement AC AC, terminate
final cleanup AC, terminate AC, terminate

h multiple terminations of the(arithmetic coder are present, the length of each terminated segment is signalled i
et header as described in Annex B.10.7.

in bit stream markeg-values.

| Expected codestream termination

Hecoder anti¢ipates that the given number of codestream bytes will decode a given number of coding passes b
rithmetic.coder is terminated. During decoding, bytes are pulled successively from the codestream until all the

pac

for ]tlose coding passes have been consumed. The number of bytes corresponding to the coding passes is specified i

I the

OTE — Termination should-never create a byte aligned value between 0xFF90 and OXxFFFF inclusive. These values are avajlable

efore
bytes
the

t header. Often at that point there are more symbols to be decoded. Therefore, the decoder shall extend the inpit 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

whic

h 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

term

The

If thd
certa
spec

DA4.]

To ir]
codif
enco|
codif

D.5

Ase
A.6.
plan
deted
end

N

D.6

This step shall be skipped if the byte in the byte buffer has an OxFFEbyte value.

Felevant truncation length in this case is simply the total number of bytes-pushed out onto the codestream.

in bounds, without affecting the symbols to be decoded. It will sOmetimes be possible to augment the last byte
al value, OxFF, which shall not be sent. It can be shown thatthis happens approximately 1/8 of the time.

B Length computation (informative)

clude coding pass compressed image data into packets the number of bytes to be included must be determined.
\g pass compressed image data is terminated,(the algorithm in the previous section may be used. Otherwis
der should calculate a suitable length suchsthat corresponding bytes are sufficient for the decoder to reconstru
g passes.

Error resilience segmentation symbol

and Annex A.6.2). The(symbol is coded with the UNIFORM context of the arithmetic coder at the end of eac
. The correct decoding 0f this symbol confirms the correctness of the decoding of this bit-plane, which allows
tion. At the decoder;a segmentation symbol 1010 or 0xA should be decoded at the end of each bit-plane (at

OTE — This.can be used with or without the predictable termination.

Selective arithmetic coding bypass

This

stila £ ocading llovoc honmaccia o tha arthooaty dar for tha cigaifoo Bropasatron—pace—and—mac
T T 1S

f a cleanup pass):JIf the segmentation symbol is not decoded correctly, then bit errors occurred for this bit-plare.

ination 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
is given by k = (11 - CT) +1

2 While (k > 0)
— Shift C left by CT and set CT = 0.
— Execute the BYTEOUT procedure. This sets CT equal to the number of\bits cleared out of fthe C

register.

— Subtract CT from k.

3 Execute the BYTEOUT procedure to push the contents of the byte-buffer register out to the codestfeam.

predictable termination flag is not set, the last byte output by the above procedure can generally be modified, within

o the

[f the
b, the
Ct the

bmentation symbol is a specialysymbol. Whether it is used is signalled in the COD or COC marker segments (Annex

h bit-
error
the

litude

nea
STy 1IC—OT—COtm—artOvw o0 y paooi s thC—arra e c— Coat—or— STSHHTT CanCC—pPropasatOT—pass—ant—Ho s

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 refineniént raw, terminate

5 cleanup, AC, terminate

final significance raw

final magnitude refinement raw, terminate

final cleanup AC, terminate
Startyng with the fourth'significance propagation and magnitude refinement coding passes the bits that would have |been
returped from the arithmetic coder are instead returned directly from the bit stream. (A routine that undoes the effe¢ts of
bit sfuffing precedes‘the return of bits. Specifically, this routine throws out the first bit after an OxFF byte value.) After
each|magnitude refinement pass the bit stream has been “terminated” by padding to the byte boundary.
Whehn allithe bits from a coding pass have been assembled the last byte is packed to a byte boundary with an alternpting
sequene® 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 b,
asseqnbled, it is emitted to the bit stream. If the value of the byte is an OXFF a single zero bit is stuffed intothe
signifficant bit of the next byte. Once all bits of the coding pass have been assembled, the last byte is packed/to thd
bourldary and emitted. The last byte shall not be an OxFF value.

D.7

This
scan
or C

To illustrate, the bit labelled 14 in Figure D-1 is decoded as usual using'the neighbor states as specified in Figure]
independent of whether or not contexts are vertically causal. However when vertically causal context formation is
the bt labeled 15 is decoded assuming D, = V; = D3 =0 in Figure.D32.

D.8

The

are ip Table D-10 and the bits and context sent to~the coder are in Table D-11. These show the context withoy
seledtive arithmetic coding bypass or the vertically causal model.

108

NOTE — Since the decoder appends OxFF values, as necessary, to the bit stream representing the codingypass (see Annex I
tjuncation of the bit stream may be possible.

Vertically causal context formation
style of coding constrains the context formation to the current and past code-block scans (four rows of vert

hed coefficients). That is, any coefficient from the next code-block scan are considered to be insignificant. The
DC marker signals whether or not this style of coding is used (see Annex A-6:1 and Annex A.6.2).

Flow diagram of the code-block coding

steps for modeling each bit-plane of each code-block can be viewed graphically in Figure D-3. The decisions

yte is
most
byte

4.1,

cally
COD

D-2,
used,

made
t the
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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 current coefficient just become significant? Annex-D.3.1
D4 Are there more coefficients in the significance propagation?

D5 Is the coefficient insignificant? Annex D.3.3
D6 Was the coefficient coded in the last significance propagation? Annex D.3.3
D7 Are there more coefficients in the magnitude refinement pass?
D8 Are four contiguous undecoded coefficients in a column each with'a ©’context? Annex D.3.4
D9 Is the coefficient significant? Annex D.3.4
D10 Are there more coefficients remaining of the four column coefficients?
D11 Are the four contiguous bits all zero? Annex D.3.4
D12 Are there more coefficient§ in the cleanup pass?

Table D-11 — Decoding in the context model flow chart

(ode Decoded symbol Context Brief explanation Description

CO _ — Go to the next coefficient or column

1| ety THEDL | Do st bt et s

C2 Sign bit cf)?lti:it])l;lal;’e?s Decode sign bit of current coefficient Annex D.3.p

3 Current rr}agnitude Table D-4, 3 Decode magnitude reﬁnerpent pass bit of current Annex D38

bit context labels coefficient
4 0 Run-length Decode run-length of four zeros Annex D3l
1 context label Decode run-length not of four zeros
00 First coefficient is first with non-zero bit
cs 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
4 bH
no
n no
yes
D2 yes
D9 C5
no
no %
Cl
Cl C2 yes
no
D3
C2 |
yes yes
@ 2 D10 CO pp| CI
no no
Co
yes
Start of magnitude no <
refinegment pass >
no  End of coding passes fqr
a code-block bit-pland
yes
CO0
C3
yes
Co
no

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 trais|

coefficients. Information about quantization of transform coefficients for encoding is also provided. Quantization 1§

proc

E.1l

For
follo

pss by which the transform coefficients are reduced in precision.

Inverse quantization procedure

pach transform coefficient (u,v) of a given subband b, the transform coefficient value ¢»(u, v) is given b

Wwing equation

Ny(u, v)
— My
q,(u,v) = (1-2s,(u, v))-[ Y, MSB(b,u,v)-2 J

i=1

whelle s, (u, v), Nj(u, v) and MSB,(b, u, v) are given in Annex D.2, and where M, is retrieved using Equation E.2, W

the n
Ann

Each

qu(

72

E.1.]

E.1.]

For

dyna

umber of guard bits G and the exponent ¢, are specified in the Q€D or QCC marker segments (see Annex A.6.4
x A.6.5)

M, = Gheg,—-1.
decoded transform coefficient gs(u, v) of subband b is used to generate a reconstructed transform coeffi
,v), as will be described in Annex E.1.1.
OTE — Decoding only Ny(u,v) (see Afnex D.2.1) bit-planes is equivalent to decoding data which has been encoded u

M, — Nytu, v)

alar quantizer with step size 2 - A, for all the coefficients of this code-block. Due to the nature of the three ¢

hsses (see Annex D.3), Ny (u, ) mdy be different for different coefficients within the same code-block.
Irreversible transformation
.1 Determination of the quantization step size

he irreversible transformation, the quantization step size A, for a given subband 5 is calculated from t

mic rang¢ R, of subband b, the exponent ¢, and mantissa u, as given in Equation E.3.

form
s the

y the

E.1

here

| and

E.2

cient

ing a

bding

the

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

Table E-1 — Subband gains

subband b gain, logy(gainy)
levLL 1 0
levLH 2 1
levHL 2 1
levHH 4 2
R, = R;+log,(gainy) . E.4

The gxponent/mantissa pairs (g,,1,) are either signaled in the codestream for every subband (expounded quantizatign) or
else pignaled only for the N;LL subband and derived for all other subbands (dérived quantization) (see Table A-30). In
the dase of derived quantization, all exponent/mantissa pairs (g,,11,) are derived from the single exponent/mantissg pair

(e, M) corresponding to the N; LL subband, according to Equation E.5

(&,Mp) = (8,— Ny + miM,) E.5
wheille n, denotes the number of decomposition levels fromithe original tile-component to the subband b.
NOTE — For a given subband b, a quantized transform cgefficient may exceed the dynamic range R, .

E.1.1.2 Reconstruction of the transform coefficient

For the irreversible transformation, the reconstructed transform coefficient is given by Equation E.6:

— My —Ny(u,v) —
(qp(u, v) +7r2 ) - Ay for qp(u,v)>0
= — M, — N, (u, —
Ray(u, v) (q,(u,v) =12 b= Nl v)) A, for q,(u,v)<0 E.6
0 for g, (u,v) =0
qp

whetle r is a recofistruction parameter, which can be arbitrarily chosen by the decoder.

NOTE —-Thé€ reconstruction parameter r may be chosen for example to produce the best visual or objective qualify for

r¢congtruction. Generally, values for r fall in the range of 0 <r <1, and a common value is » = 1/2 . (This note also applies to
Anfiex E.1.2).

E.1.2 Reversible transformation

E.1.2.1 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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E.1.2.2 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.

If N

E.2

For 1
trans

whetle A, is the quantization step size. The exponent gz, "and mantissa p, corresponding to A, can be derived

Equ4

For fleversible compression, the quantization step-size is required to be 1. In this case, a parameter €, has to be rec

in th

whelle R, and gain, are asdescribed in Annex E.1.1, and where . is zero if the RCT is not used and {, is the nu

of ad

For |
rang

Ralu) = o (u )
> ‘ui}

E.7

(u, v) <M, , then the reconstructed transform coefficient Rg,(u, v) is 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)
form coefficients a,(u, v) of the subband b4 is quantized to the valuelg (i, v) according to Equation E.9.

4 v) = sign(a . v)) - {MJ

Ay
tion E.5, and must be recorded in the codestream in the QCD or QCC markers (see Annex A.6.4 and Annex A.

e codestream in the QCD or QCC markers (see Annex A.6.4 and Annex A.6.5), and is calculated as

€, = R;+log,(gainy) + (.,

ditional bits added by'the RCT if the RCT is used, as described in Annex G.2.1.

oth reversible and irreversible compression, in order to prevent possible overflow or excursion beyond the nor
P of the integegrepresentation of |g,(u, v)| arising, for example during floating point calculations, the number )

bits

bits, has to be specified in the QCD or QCC marker (see Annex A.6.4 and Annex A.6.5). Typical values for the numH
guargl bits are G =1 or G =2.

or the infeget representation of ¢, (u, v) used at the encoder side is defined by Equation E.2. The number G of g

E.8

rreversible compression, after the irreversible forward discrete wavelet transformation (see Annex F), each df the

E.9

from
b.5).

rded

E.10

mber

ninal
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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.nyerse
discrete wavelet transformation used to reconstruct the tile-component.

F.1 Tile-component parameters

Congider the tile-component defined by the coordinates rcx, tcx, , tcy, and tcy, given in Equatient B.12, in Annex| B.3.

Ther] the coordinates (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 pprform the forward discrete wavelet transformation (FDWT), thiss\Recommendation | International Standard ukes a
one-flimensional subband decomposition of a one-dimensional array.of samples into low-pass coefficients, represenfing a
dowmsampled low-resolution version of the original array,-and’ high-pass coefficients, representing a downsanppled
residual version of the original array, needed to perfectly reconstruct the original array from the low-pass array.

To pprform the inverse discrete wavelet transformation (IDWT), this Recommendation | International Standard upes a
one-flimensional subband reconstruction of a .ong-dimensional array of samples from low-pass and highipass
coefficients.

F.2.2 Decomposition levels

Each tile-component is transformed.into' a set of two-dimensional subband signals (called subbands), each representing
the jctivity of the signal in varieds frequency bands, at various spatial resolutions. N, denotes the numbg¢r of

decomposition levels.
F.2.3 Discrete wavelet filters (informative)

This| Recommendation | International Standard specifies one reversible transformation and one irrevetsible
trandformation.~Given that tile-component samples are integer-valued, a reversible transformation requirey the
specification: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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Figure F-1 — Inputs and outputs of the IDWT procedure

bubbands are labelled in the following way: an index lev corresponding to the decomposition level, followed-b
s which are either LL, HL, LH or HH.

subband b = levLL corresponds to a downsampled version of subband (/ev-1)LL which has been lew-pass fi
tally and low-pass filtered horizontally. The subband b = OLL corresponds to the original tile:component
and b = levHL corresponds to a downsampled version of subband (lev-1)LL which has been low-pass fi
tally and high-pass filtered horizontally. The subband b = levLH corresponds to a downsanipled version of sub
[)LL which has been high-pass filtered vertically and low-pass filtered horizontally. The subband b = ¢
sponds to a downsampled version of subband (lev-1)LL which has been high-pass filtered vertically and high
ed horizontally.

| given value of NL, only the following subbands are present in the codestréam, and in the following order
nds 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, > fHL, 1LH, 1HH.

given subband b, the number n,, represents the decompositiomlevel at which it has been generated at the ti
ding, and is given in Table F-1:

Table F-1 — Decomposition‘level n;, for subband b

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

subbands for the case where Ny = 2 are illustrated in Figure F-2.

[DWT procedure starts with the initialization of the variable lev (the current decomposition level) to N,
bR procedure (see Annex-E.372) is performed at every level lev, where the level lev decreases at each iteration,

iterations are performied. The 2D_SR procedure is iterated over the levLL subband produced at each iter:

ly, the subband gy, (4, vy, ;) 1S the output array /(x, y) .

2opiCltyr s Varr)
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L

two

tered

The
tered
band
vHH
-pass

these

ne of

The
until

hition.

N\ \ /

116

/ @ (U g Vi)
/ IDWT

_’ [(xay)

ay g Vi) | A1 Vi)

Figure F-2 — The IDWT (VL=2)
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Figure F-3 — The IDWT Procedure

ed by:
thxy<u, < tbx, and thy,<v, <tby, .
e F-3 describes the IDWT procedure.
The 2D_SR procedure

2D_SR procedure performs a reconstruction of subband*a,, ), (u,v) from the four subbands a,,,,,(
1w, v) 5 ap, y(u,v) and a;,, p(u, v) (see Figure F-4)."The total number of coefficients of the reconstructed /

hnd is equal to the sum of the total number of coefficients of the four subbands input to the 2D_SR procedure
e F-5).

LreviL
— Ly

AlevHL

_“evir | 2D_SR | “Cer-DLL

AevHH
MO, Ml, VO, Vl

Figure F-4 — Inputs and outputs of the 2D_SR procedure

the four subbands a,,,;; (u, v), a;,, 5 (V) , a;,,; 51, v) and a;,, ;y(u, v) are interleaved to form an array a
t the 2DNINTERLEAVE procedure. The 2D_SR procedure then applies the HOR_SR procedure to all rov
), and~finally applies the VER_SR procedure to all columns of a(u,v) to produce the reconstructed sub
G, v) Figure F-6 describes the 2D_SR procedure.

pfined in Equation B.15, the indices (u,, v,) of subband coefficients a,(u,, v,) for a’givén subband b lie in the fange

F2

V),
vLL

(see

u, v)
s of
band

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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Figure F-6 — The 2D_SR procedure

The 2D_INTERLEAVE procedure

llustrated in Figure F-7, the 2D_INTERLEAVE procedure interleaves thie")coefficients of four subl
1> Qeviins Qroviip Qevry 10 form a(u, v). The values of ug, u;, vy, v, used by.the 2D_INTERLEAVE procedut

of tbx, thx,, thy,, tby, corresponding to subband b = (lev-1)LL (see definition in Equation B.15).

way these subbands are interleaved to form the output a(w, v) is_described by the 2D_INTERLEAVE proc
) in Figure F-8.

The HOR_SR procedure

HOR_SR procedure performs a horizontal subband reconstruction of a two-dimensional array of coefficients. It
put a two-dimensional array a(u, v), the horizontahand vertical extent of its coefficients as indicated by u, <

o< v<v, (see Figure F-9) and produces as outpiit a horizontally filtered version of the input array, row by row,

lustrated in Figure F-10, the HOR_SR procedure applies the one-dimensional subband reconstruction (11
pdure) to each row v of the input array % (u, v) , and stores the result back in each row.

VER_SR procedure performs a vertical subband reconstruction of a two-dimensional array of coefficients. It tal
a two-dimensional arrdy a(u, v), the horizontal and vertical extent of its coefficients as indicated by uy<u <u

<v, (see Figure 1) and produces as output a vertically filtered version of the input array, column by coluni

lustrated in\ Figure F-12, the VER_SR procedure applies the one-dimensional subband reconstruction (11
pdure) te-€ach column » of the input array a(u, v) and stores the result back in each column.

ands
e are

edure

takes
<u

D_SR

(es as
and

s

D_SR

118

QevLL
AlevHL

a ev.
— L% 3 > INTERLEAVE | %

AevHH

Ug, Uy, Vo, Vy
—>

Figure F-7 — Parameters of 2D_INTERLEAVE procedure
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v v
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vy = ’7\/’0/2-‘ vy = ’7110/21

| aQuy, 2v,) = ay(uy, vy) |

No

ISO/IEC FDIS15444-1 : 2000 (18 August 2000)

| auy+1,2vy) = ap(uy, vy) |

va(VI/Z“ Yes

v

b = levLH
u, = (uO/ZW
vy = LVO/ZJ

:&

| auy, 2vy, + 1) = ay(uy, vp) |

No vy, L"l

Figure F-8§ — The 2D_INTERLEAVE procedure

v
b = levHH
uy = L“O/ZJ
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Figure F-9 — Inputs and outputs of the HOR_SR procedure
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V—VO
Iy = Uy
I =u
7

X(u) = 1D

SR(Y(u), i i,

v

a(u,v) = X(u)

Done

Figure F-10 — The HOR’ SR procedure

F.3.6 The 1D_SR procedure

As i|lustrated in Figure F-13, the 1D_SR progedure takes as input a one-dimensional array Y(i), the extent pf its
coeflicients as indicated by i,<i<i, . It produces as output an array X, with the same indices (iy, i) .

For gignals of length one (i.e. i, = 4.1 ), the 1D_SR procedure sets the value of X(i,) to X(iy) = Y(iy) if i, |is an

evenlinteger, and to X(i;) = Y(iy)72-f i, is an odd integer.

For qignals of length greater-than or equal to two (i.e. i,<i;—1 ), as illustrated in Figure F-14, the 1D_SR procedurg first

uses|the 1ID_EXTR procédure to extend the signal ¥ beyond its left and right boundaries resulting in the extended gignal

Y, land then uses/the/1D_FILTR procedure to inverse filter the extended signal Y, and produce the desired filtered

signgl X. The AD~EXTR and 1D_FILTR procedures depend on whether the 9-7 irreversible wavelet trangform
(irreyersible_transformation) or 5-3 reversible wavelet transform (reversible transformation) is selected: this is sigrjalled
in the CODer COC 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 illustrated in Figure F-15, the ID_EXTR procedure extends signal Y by iy coefficients to the left and |i;,,
coefficients to the right. The extension of the:signal is needed to enable filtering at both boundaries of the signal.

The first coefficient of Y is coefficient iy, and the last coefficient of signal Y is coefficient i;-1. This extension procedyre is

known as “periodic symmetric exténsion”. Symmetric extension consists in extending the signal with the sjgnal
coefficients obtained by a reflection-of the signal centered on the first coefficient (coefficient i) for extension to thq left,

and |n extending the signal/with the signal coefficients obtained by a reflection of the signal centered on thq last
coefficient (coefficient i;:1)-f0r extension to the right. Periodic symmetric extension is a generalisation of symmjetric

extenpsion for the more gefieral case where the number of coefficients by which to extend the signal on any one side{may
excegd the signal length/i;-i,: this case may happen at higher decomposition levels.

The |D_EXTR\procedure calculates the values of Y, (i) for values of i beyond the range i, <i<i,, as given in Equption
F3:

Y, ) = Y(PSE (i i i) E3

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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( Done )
Figure F-14 — The 1D_SR procedure
PSE (i, iy, iy) = ig+min( mod(i —ig, 2(iy —ig— 1)), 2(i, —ig— 1) —mod(i — ig, 2(i} — iy — 1)< F4
Twofextension procedures are defined, depending on whether the 5-3 wavelet transformation (1B_EXTRs_3 procedufe) or
9-7 wavelet transformation (1D_EXTRq_7 procedure). The procedures only differ in the minimum values of the extepsion
paragneters (ij,;  and i, for the 5-3 wavelet transformation, and i, — and,.,,  for the 9-7 wavelet
trangformation) which are given in Table F-2 and Table F-3, and depend on the parity,of the indices i, and i, . Values
equal to or greater than those given in Table F-2 and Table F-3 will produce‘the same array X at the output qf the
1D_IFILTR procedure of Figure F-14.
Table F-2 — Extension to the left
i llefts g lefty
even 1 3
odd 2 4
Table F-3 — Extension to the right
il irightsf3 irightL7
odd 1 3
even 2 4
F.3.8 TheAD! FILTR procedure
One [reversible filtering procedure 1D_FILTR5 3z and one irreversible filtering procedure 1D_FILTRg_yjare spedified,
depepding on whether the 5-3 reversible or 9-7 irreversible wavelet transformation is used.

122

Y
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Figure F-15 — Periodic symmetric extension of signal
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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 signpl X.

BotH procedures use lifting-based filtering, which consists in applying to the signal a sequence of very simple filtering
operptions called lifting steps, which alternately modify odd-indexed coefficient values of the signal withla weighted sum
of eyen-indexed coefficient values, and even-indexed coefficient values with a weighted sum of odd-indexed coefficient
valugs.

F.3.41 The 1D_FILTR; 3, procedure

The [ID_FILT5 3 procedure uses lifting-based filtering in conjunction with rounding\epefations. Equation F.5 if first
perfermed for all values of n indicated, followed by Equation F.6 which uses values-calculated from Equation E.5:

X(2n) = Yext(zn)—vm(z”_l“jm(z“1)+2J for BOJSMEJH, ES5
X2n+1) = Yex,(2n+1)+VMf§(_2”12J for E’JSMBJ F6

The palues of X(k) such that iy <k <i; form the output of thé.}D_FILTR5_ 3 procedure.

F.3.42 The 1D_FILTRg 7 procedure

The [1D-FILTRgy.7; procedure uses lifting-based filtering (there is no rounding operation). The lifting paramjeters
(o,[B, v, 8) and the scaling parameter K for-all filtering steps are defined in the following section (section F.3.8.2.]).

Equgtion F.7 describes the two scaling steps (1 and 2) and the four lifting steps (3 through 6) of the 1D filtpring
perf¢rmed on the extended signal ¥5,(7) to produce the i;-i, coefficients of signal X. Theses steps are performed ip the

following order.
Firstly, step 1 is performed, for all values of n such that L%OJ -1<n< L%J +2, and step 2 is performed for all valueg of n

such|that LI_OJ—ISn<{l_1J+1.
2 2

Ther, step 3 1s performed for all values of n such that %0 -1<n< L%J +2, and uses values calculated in steps 1 apd 2.
Then, step 4 is performed for all values of n such that %0 -1<n< L%J + 1, and uses values calculated in steps 2 and 3.
Then, step 5 is performed for all values of n such that 50 <n< L%J + 1, and uses values calculated in steps 3 and 4.

i

Finally, step 6 is performed for all values of n such that L 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)

[STEP1]
[STEP2]

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]

Whelle the values of the lifting parameters (o, B, v, 8) and K are defined in Table F-4.

The palues of X(k) such that iy < k<i; form the output of the ID_FILTR| procedure.

F.3.8.2.1 Filtering parameters for the 1D_FILTRy_7; procedure

E7

The filtering parameters (o, B, v, 8, K) are defined in Table F-4, in terms of parameters g, from Table F-5, and paranjeters

(rg, 11> So» tp) from Table F-6. The parameters g, are defined in terms of parameters x, , R4 and ‘xz‘z given in Tablg

All thbles give a closed-form expression for all parameters, including approximationsup‘to 15 decimal points. -

Table F-4 — Definition of lifting parameters for the 9-7.irreversible filter

F-7.

Parameter Exact expression Approximate value

¢ -2,/23 11,586 134 342 059 924
B 83/1 -0.052 980 118 572 961
¥ r/sg 0.882 911 075 530 934
8 5o/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 2
5x1(48]x,| "~ 16%x, +3)/32 -0.602 949 018 236 360

1

—5x,(8]|” — Rx,) /8 0.266 864 118 442 875

2 2
531 (4]xy|” +4%x, ~ 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)

Parameter Exact expression Approximate value

To -89 +281847/83 1.449 513 704 087 943
I -8, +t84+818483 0.318 310 318 985 991
50 81 —83—8&3ry/Ty 0.360 523 644 801 462
to ro—2r, 0.812 893 066 115 961

Table F-7 — Intermediate expressions

Parameter Exact expression Approximate value
A
63-14./15 0.128.030 244 703 494
1080./15
B
_,[03+ 1415 -0.303 747 672 895 197
1080./15
x) A+ B1)6 -0.342 384 094 858 369
Rax
: R\ ;'B) - é -0.078 807 952 570 815
2 (A+B) 172 3(4-B)*
[_ + _} +24=5) 1 0.146 034 820 982 800
2 6 4
F4 Forward transformation (informative)

F.4.1 The FDWT procedure (informative)

The forward discrete’wavelet transformation (FDWT) transforms DC-level shifted tile-component samples I(x, y) i
set of subbands-with coefficients a,(u;, v,) (FDWT procedure). The FDWT procedure (see Figure F-17) also tak|

inpuf the number of decomposition levels N; signalled in the COD or COC markers (see Annex A.6.1 and Al
A.6.D).

nto a

£S as

nnex

I(x,y)
FDWT > ay(uyvy)
AQ
_>

Figure F-17 — Inputs and outputs of the FDWT procedure
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a1 (U Var )

G (U g Vo) — |

I(x,y)

= (U g VL)

FDWT,

a gy g Vi) alHH(ulHH’ leH)

Figure F-18 — The FDWT (N;=2)

As illlustrated in Figure F-18, all the subbands in the case where N;=2 can be represented in the following way:

The FDWT procedure starts with the initialization of the variable lev (the current decompgsition level) to zero, anf and

whe

iterafed over the levLL subband produced at each iteration.

As defined in Annex B (see Equation B.15), the coordinates of the subbandya,,,;; (u, v) lie in the range defined by:

thxy<u<tbx, and tby,Sv&tby, .

Figure F-19 describes the FDWT procedure.

F.4.2 The 2D_SD procedure (informative)

The PD_SD procedure performs a decomposition ‘of-a two-dimensional array of coefficients or samples a,, 1),

into four groups of subband coefficients a;, . ('), a5, (0, V), @y, g (u, v) , and a;, |y (u, v).

setti]g the subband a;, (uy;,, vy, ;) to the input array I(u, v). The 2D_SD procedure issperformed at every level| lev,

e the level lev increases by one at each iteration, and until N, iterations arelperformed. The 2D_SD procedfire is

F.8

u,v)

The fotal number of coefficients of the\/evLL subband is equal to the sum of the total number of coefficients of thg four

subbpnds resulting from the 2D_SD-procedure.

lev = 1
agr(u,v) = I(u,v)

i

\

Yes

/ ™
eV >1] P DOIIT )
No

||(alevLL’alevHL’alevLH’alevHH)ZZD—SD(a(lev— NHLL Yo U1 Vo Y )”

lev = lev+1

I«

Figure F-19 — The FDWT procedure
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AevLL
a —_
(lev—1)LL a1, 1L
» 2D SD | 2
Uy, Uy, Vi Vy levLH
—> AevHH

Figure F-20 — Inputs and outputs of the 2D_SD procedure

F' o001 -1 ] . 1 - £l oS m ok 1
lgu CT=2ZU UCSUTTUTS UIT TIPUL diiir output pal dilicity U UICT Z1J_ S 1 PIUCLTUULIT.

Figufe F-21 illustrates the subband decomposition performed by the 2D_SD procedure.

The
proc

using the 2D_DEINTERLEAVE procedure.

Figu

F4.3 The VER_SD procedure (informative)

The

as input the two-dimensional array 1oy 1)1 r(wv) , the horizontal and vertical extent of its coefficients as indicate

uy <

column by column. The values of S u;, vy, v, used by the VER_SD procedure are those of tbx, thx,, thy,,

corrgsponding to subband b = (lev;="1)LL (see definition in Equation B.15).

As 1
proc

AevLL AevHL
Ajev—1)LL 2D_SD

AevLH Aoy HE:

Figure F-21 — One-level decomposition into four subbands\(2D_SD procedure)

edure to all rows of a(u, v). The coefficients thus obtained from> a(u, v) are deinterleaved into the four subh

e F-22 describes the 2D_SD procedure.

VER_SD procedure performs a vertical subband decomposition of a two-dimensional array of coefficients. It

«<u; and vy <v<v,; (see Figure F-23)-dnd produces as output a vertically filtered version a(u, v) of the input 4

lustrated in Figure F£24;"the VER_SD procedure applies the one-dimensional subband decomposition (10
edure) to each column of the input array a(u, v) , and stores the result back into each column.

(2D_SD)

2D_SD procedure first applies the VER_SD procedure to all celumns of a(w, v). It then applies the HOR_SD

ands

akes
d by

rray,

_SD

v
”a: VER_SD(a(leV_ DL Mo U Vo vl)”

v

||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)

—>
ug, Uy, vy, V1 | VER_SD
—>

a(u,v)

Figure F-23 — Inputs and outputs of the VER_SD procedure

X(v) = a(u,v)

!

Y(v) = ID_SD(X(v), iy, i)

!

a(u,v) = Y(v)

v

u=u+l

v

&>

Yes

Done

Figure ¥-24 — The VER_SD procedure

F.4.4 The HOR_SD procedure (informative)

The [HOR_SD procedure performs.a’ horizontal subband decomposition of a two-dimensional array of coefficieqts. It
takeq as input a two-dimensienal”array a(u, v), the horizontal and vertical extent of its coefficients as indicatgd by
ug<p<u, and vy <v<v, ((s¢€ Figure F-25) and produces as output a horizontally filtered version of the input array, row

by rqw.

As illustrated in Eigure F-26, the HOR_SD procedure applies the one-dimensional subband decomposition (1ID_SD
procgdure) to.€ach row of the input array a(u, v) and stores the result back in each row.

F4.§ The 2D_DEINTERLEAVE procedure (informative)

As illustrated 1n Figure F-27, the ZD_DEINTERLEAVE procedure deinterleaves the coefficients of a(w, 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

2D_DEINTERLEAVE procedure illustrated in Figure F-27.

F4.4

As i

coeflicients as indicated by i, <i <, . It\produces as output an array Y(i), with the same indices (i, 7,) .

For

cven

For 4
uses
X

exr

gignals of length one (i.e. iy= i, -1 ), the ID_SD procedure sets the value of Y(i)) to Y(ij)) = X(iy) if i,

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

!

a(u,v) = Y(u)

v

Vv =

=<

Yes

Figure F-26 — The HOR’ SD procedure

+1

<

way these subbands are formed from the output a(u,v) of the HOR_SD procedure is described by

The 1D_SD procedure (informative)

lustrated in Figure F-29, the 1D_SD_procedure takes as input a one-dimensional array X(i), the extent

integer, and to Y(i,) =-2X(i,) if i, is an odd integer.

ignals of length-greater than or equal to two (i.e. iy <i, — 1), as illustrated in Figure F-30, the 1D_SD procedurg

the 1D_EXTD-procedure to extend the signal X beyond its left and right boundaries resulting in the extended s
and thenwses the 1D_FILTD procedure to filter the extended signal X, and produce the desired filtered signal

the

f its

1S an

first

jgnal
Y.

AlevLL

a(u, v) AevHL

Uy U5 Vo V) 2D_DEINTERLEAVE Qi
"levHHk

»

Figure F-27 — Parameters of 2D_DEINTERLEAVE procedure
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CZD_DEINTERLEAV@

A4

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

h 4

b =levLL b = levHL

uh = ’7140/21 ub = LMO/ZJ

vy = ’71/0/2-‘ v, = [vy/2]
4“ :ﬂ

| ay(uy, vy) = aQuy+1,2v,) |

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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F.4.7

The

and

F4.8

This
filter

is se

rights_

ected.

As il

and the index of the coefficient i; immediately following the last coefficient (i;-1). They both produce an output sigy
The gvén-indexed coefficients of the Y signal are a low-pass downsampled version of the extended signal X,,,, whill

ustrated:in Figure F-31, both procedures take as input an extended 1D signal X,,,, the index of the first coefficie}

{ Done)
N

Figure F-30 — The 1D_SD procedure

The 1D_EXTD procedure (informative)

, parameters, which are given in Table F-8 and Table F-9.

| D_EXTD procedure is identical to the 1D_EXTR procedure, except for the values of the i,eﬁw,

Table F-8 — Extension to the left

iy Uefty_, b,
even 2 4
odd 1 3
Table F-9 — Extension to the right
il ir[ght573 irighz“L7
odd 2 4
even 1 3

The 1D_FILTD procedure (informative)

Lrighty ;2 U

ing procedure (1D JFILTD5 5r), depending on whether the 9-7 irreversible or 5-3 reversible wavelet transform|

fts_3

Recommendation |- Intérnational Standard specifies one irreversible procedure (1D_FILTDg_7;) and one reveysible

Ation

nt io,
al, Y.
e the

odd-indexed coefficients of the signal Y are a high-pass downsampled version of the extended signal X, ;.
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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

Then

The

F4.8

The
irrev,

quk
perfi
follo

First|

Then

Ther

Ther

Fina

is pe|

Yn+1) = X, (2n41)— X, ,(2n)+X, (2n+2) ‘
L ]

the even-indexed coefficients of output signal Y are computed from the even-indexed values of extended signa

I

and the odd-indexed coefficients of signal Y for all values of n such that (%ﬂ <n< (Ew as given in Equation'F.10:

Y(2n) = Xexr(zn)+\‘Y(2n—l)+§(2n+1)+2J

values of Y(k) such that i, <k <i; form the output of the 1D_FILTDg, procedure.

.2 The 1D_FILTDj procedure (informative)

rreversible transformation described in this section is the lifting-basedDWT implementation of filtering by th
prsible filter.

tion F.11 describes the four lifting steps (1 through 4) and.the two scaling steps (5 and 6) of the 1D filt

wing order.

y, step 1 is performed for all values of n such that (%ﬂ -2<

S
A
E—
|
|
+
—

, step 2 is performed for all values of p-such that %0 -1<n< ( + 1, and uses values calculated at step 1.

, step 3 is performed for all yalues of n such that , and uses values calculated at step 1 and 2.

SIS
I
—_
IN
N
A
- 1

, step 4 is performed for'all values of n such that

<n< (%ﬂ , and uses values calculated at steps 2 and 3.

S

ly, step 5 ispérformed for all values of n such that (%ﬂ -1<n< (%ﬂ and uses values calculated at step 3, and s

Iformed for all values of n such that (1_01 <n< (l_ﬂ and uses values calculated at step 4.

1 X

ext

F.10

e 9-7

ering

rmed on the extended signal X, (n) to produce the i;-i, coefficients of signal Y. Theses steps are performed in the

tep 6

132

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]
Y(2n) = Y(2n) + 8(Y(2n—1) + Y(2n + 1)) [STEP4]
YQn+1)=KY2n+1) [STEPS]

Y(2n) = (1/K)Y(2n) [STEP6]

F11
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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 ptoper
recopstructed samples.

This|Annex also describes two different multiple component transformations. These multiple component transformafions
are Ysed to improve compression efficiency. They are not related to multiple component transformations used to|map
coloyr values for display purposes. One multiple component transformation is reversible and may>be used for lospy or
losslgss coding. The other is irreversible and may only be used for lossy coding.

G.1 DC level shifting of tile-components

Figute G-1 shows the flow of DC level shifting in the system with a multiple compofiént transformation.

sathple Forward Forward Forward , Inverse Inverse reconstrycted
® DC level | component ™| wavelet coding | - wavelet (g component e Inverse I.)C P=sample
shift trans. trans. trang. trans. level shift

Figure G-1 — Placement of the DC level shifting with component transformation

Figufe G-2 shows the flow of DC level shifting in the system without a multiple component transformation.

samhplel Forward Forward ) Inverse reconstricted
1 DClevel ¥ wavelet coding | wavelet | peiInverse I,)C sample
shift trdns. 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 Ievel shifting is perforthed on samples of components that are unsigned only. It is performed prior to computatipn of
a forvard multiple component transformation (RCT or ICT), if one is used. Otherwise it is performed prior to the wavelet

trangformation descfibed in Annex F. If the MSB of Ssiz' from the SIZ marker segment (see Annex A.5.1) is zerp, all
samples I(x,y)©f the ith component are level shifted by subtracting the same quantity from each sample as follows

16 y) e I(x, y) = 2557 71 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, companents of an imngp (Gndexed as 01 and 2) The three components inpnf into the RCT <hall have the same

sepafation on the reference grid and the same bit-depth.

NOTE — While the RCT is reversible, and thus capable of lossless compression, it may be used in truncated codestreams to
provide lossy compression.

G.2.1 Forward RCT (informative)
Prioq to applying the Forward RCT, the image component samples are DC level shifted, for unsigned components.

The Forward RCT is applied to components I(x,y), I;(x,y), I,(x,y) as follows:

Yo(x.y) = Vo(x’y)+211(:’y)”2("’y)J G3
Y](x7y)=12(x’y)_11(xay) G4
Yo(x,y) = Iy(x, =<7, (x,») G.5

If 1,,|1;, and I, are normalized to the same precision, thew’Equation G.4 and Equation G.5 result in a numeric precision of
Y, apd Y, that is one bit greater than the precision of the original components. This increase in precision is necessgry to
ensufe reversibility.

G.2.2 Inverse RCT

=

Aftef the inverse wavelet transformation.is preformed as described in Annex F, the following Inverse RCT is applie

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

Aftet applving 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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G.3.1 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, )

G.9

G.10

G.3.

Afte

Equ4
the I

G4

The
desc

Y,(x,y) = 0.5 Ij(x,y)-0,418 69 I,(x, y)-0.081 31 I,(x, y)

OTE — If the first three components are Red, Green and Blue components, then the Forward ICT is of a YCbCr trafisform

D Inverse ICT

inverse wavelet transformation is performed as described in Annex F, the following Inverse ICT is applied:
To(x,y) = Yo(x, y) + 1,402 Y, (x, )
Ii(x,y) = Yy(x,y)-0,344 13 Y, (x, y)-0,714 14 Y, (x, »)
Lix,y) = Yolx, )+ 1,772 Y (x, )

tion G.12, Equation G.13, and Equation G.14 do not imply a required precision for the coefficients. After app
hverse ICT, the unsigned image component samples are inverse.DC level shifted.

Chrominance component sub-sampling and-the reference grid

relationship between the components and the reference grid is signaled in the SIZ marker (see Annex A.5.1
ibed in Annex B.2.

G.11

htion.

G.12
G.13
G.14

ying

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 ip the
codeptream than the rest of the image (the background). The coding is also done in such a way that the informption
asso¢iated with the ROI precedes the information associated with the background. The method used (and describgd in
this Annex) is the Maxshift method.

H.1 Decoding of ROI

The procedure specified in this section is applied only in the case of the presence of an RGN.marker segment (indicpting
the presence of an ROI).

The |procedure realigns the significant bits of ROI coefficients and background-Coefficients. It is defined using the
following steps:

1) Get the scaling value, s, from the SPrgn paraméter of the RGN marker segment in the
codestream (Annex A.6.3). The following steps (23 and 4) are applied to each coefficient (ju, 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), th¢n no
modification takes place.
3) If Ny(u,v)>M, and if at leasPyone 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 modificatior}s are
made:

a) discard the first s MSBs and shift the remaining MSBs s places, as described in Equation|H.1,
for(i's 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
Ny(u,v) = max(0, Ny(u,v)-s). 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.

© I1SO/IEC 2000 — All rights reserved 139


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

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

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
M, = My+s H.3

where M, is given by Equation E.2 and the new value of each coefficient is 'given by

|95 V)| = |g(u, )] - 2° H.4

4) Scale down all background coefficients given by M(x,y) using‘the scaling value s (see Annex
H.3). Thus, if |g,(u, v)| is a background coefficient givenby M(x,y), then

‘qb(u9 V)‘

s

‘qb(u, v)‘ = H.5

5) Write the scaling value s into the codestteam 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 pcaling value, s, may be chosen so that Equation H.6 holds, where max(M},) is the largest number of magnitudg bit-
plangs, see Equation E.1, for any background,coefficient, gz5(x,y) in any code-block in the current component.

s 2max(M,) H.6

This|guarantees that the scaling value used will be sufficiently large to ensure all the significant bits associated with the
ROI jwill 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 corresponds
to the coéfficients that need to be encoded with better quality to yield an ROI with better quality than the Backgrpund.
Anngx“Hy 3.1 describes how to generate the ROI mask for a particular region in the image. Annex H.3.2 describes hpw to
generate the mask 1n the case oI 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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Figure H-1 — The inverse wavelet transformation with the 5-3 reversible filter

plan¢ indicating a set of quantized transform coefficients whose coding is sufficient in order<for the receivgr to
recomstruct the desired region with better quality than the background (up to lossless).

To iljustrate the concept of ROI mask generation, let us restrict ourselves to a single ROl‘afid a single image compopent,
and identify the samples that belong to the ROI in the image domain by a binary mask;#(x, y), where

M(x,y) = { 1 wavelet coefﬁciet?t xy) i.s needed . 17
0 accuracy on (x,y) can be sacrificed withdut affecting ROI

The mask is a map of the ROI in the wavelet domain so that it has a non-zero value inside the ROI and O outside. Injeach
step the LL sub-band of the mask is then updated row by row and«thén column by column. The mask will then indicate
whidh coefficients are needed at this step so that the inverse wavelet transformation will reproduce the coefficients qf the
previous mask.

For gxample, the last step of the inverse wavelet transformation is a composition of two sub-bands into one. Then to frace
this tep backwards, one finds the coefficients of both sub-bands that are needed. The step before that is a compositipn of
four [sub-bands into two. To trace this step backwards, the coefficients in the four sub-bands that are needed to gjive a
perfgct reconstruction of the coefficients included in the mask for two sub-bands are found.

All gteps are then traced backwards to_give the mask. If the coefficients corresponding to the mask are transmitted and
received, and the inverse wavelet transformation calculated on them, the desired ROI will be reconstructed with better
quality than the rest of the image(up.to lossless if the ROI coefficients were coded losslessly).

Given below is a description ‘'of how the expansion of the mask is acquired from the various filters. Similar methodp can
be uged for other filters.

H.3.1.1 Region ofjinterest mask generation using the 5-3 reversible filter

In order to getithe optimal set of quantized coefficients to be scaled, the following equations described in this seftion
shoujd be used:

To s¢elwhat coefficients need to be in the mask, the inverse wavelet transformation is studied. Equation F.5 and Equption
F.6 givethe coetficients needed to reconstruct X(2n) and X(Zn+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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Figure H-2 — The inverse wavelet transformation with the 9-7 irreversible filter

e what coefficients need to be in the mask, the inverse wavelet transformation is studied as in.Annex H.3.1.1. H
Khows this.X(2n) and X(2n+1) are even and odd indexed points respectively, related to the ‘origin of the refe]

Coefficients needed to reconstruct X(2n) and X(2n+1) losslessly can immediately(be'seen to be L(n-1) to L(n+2

4 Multi-component remark

he case of colour images, the method applies separately in each colgurcomponent. If some of the colour compo
own-sampled, the mask for the down-sampled components is created in the same way as the mask for the non-d
led components.

B Disjoint regions remark
ROI consists of disjoint parts then all parts have theZsame scaling value s.
i Implementation precision remark

ROI coding method might in some cases.Create situations where the dynamic range is exceeded. This is hoy
y solved by simply discarding the least-significant bit-planes that exceed the limit due to the down-scaling oper:
pffect will be that the ROI will have bétter quality than the background, even though the entire bit stream is dec

s for the background might result in the background not being coded losslessly and in the worst case not
istructed at all. This depénds on the dynamic range available.

b An example ofithe usage of the Maxshift method

Maxshift method; as described above, allows the user/application to specify multiple regions of arbitrary s
h will becassigned higher priority compared to the rest of the image. The method does not require encodi
ding of the-ROI shape.

Maxshift method allows the implementers of an encoder to exploit a number of functionalities that are support

igure
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) and

D) to H(n+2). Hence if X(2n) and X(2n+1) are in the ROI, those Low and High‘stib-band coefficients are in the mask.
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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
outprttiTatattermative Tmplementations Stiattdupiicate:

L1 File format scope

This{Annex of this Recommendation | International Standard defines an optional file format that applications may choose
to usg to wrap JPEG 2000 compressed image data. While not all applications will use this format, many applicationg will
find that this format meets their needs. However, those applications that do implement this file format shall implemgnt it
as dgscribed in this entire Annex of this Recommendation | International Standard.

This|Annex of this Recommendation | International Standard
— specifies a binary container for both image and metadata
— specifies a mechanism to indicate image properties, such as the‘tonescale or colourspace of the imjge

— specifies a mechanism by which readers may recognize the existence of intellectual property sfights
information in the file

— specifies a mechanism by which metadata (inclyding vendor specific information) can be includgd in
files specified by this Recommendation | International Standard

1.2 Introduction to the JP2 file format

The JPEG 2000 file format (JP2 file format) providesta foundation for storing application specific data (metadaga) in
asso¢iation with a JPEG 2000 codestream, suchias information which is required to display the image. As fany
applications require a similar set of information-to-be associated with the compressed image data, it is useful to define the
formiat of that set of data along with the definition of the compression technology and codestream syntax.

Congeptually, the JP2 file format encapsulates the JPEG 2000 codestream along with other core pieces of informption
abouf that codestream. The building-block of the JP2 file format is called a box. All information contained within th¢ JP2
file i} encapsulated in boxes. This Recommendation | International Standard defines several types of boxes; the defirition
of each specific box type defines ‘the kinds of information that may be found within a box of that type. Some boxeq will
be d¢fined to contain other boxes.

1.2.1 File identification

JP2 files can b€ identified using several mechanisms. When stored in traditional computer file systems, JP2 files should
be gjven thetfile extension “.jp2” (readers should allow mixed case for the alphabetic characters). On Macintosh file
systgms,JP2 files should be given the type code ‘jp2\040°.

1.2.2—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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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)
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"Colour Specification box n—115.3.3)
Paleticbox (1534) i
Component Mapping box (1L53.5) |
Channel Definition box (153.6) |
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"Contiguous Codestream box (1.5.4) m<p 1
IPR box (1.6) )
XML boxes (1.7.1) )

UUID boxes (1.7.2)
__________—l__I
UUID Info boxes (superbox) (1.7.3)
| [UUID List box 1.73.1) |
| [Data Entry URE-box (1.7.3.2) |

Figure I-1 — Conceptual structure of a JP2 file

cally, the structure of a JP2 fileis as shown in Figure I-1. Boxes with dashed borders are optional in conformin
However, an optional boxymay define mandatory boxes within that optional box. In that case, if the optional
5, those mandatory boxes within the optional box shall exist. If the optional box does not exist, then the mand
5 within those boxés-shall also not exist.

e I-1 specifies‘only the containment relationship between the boxes in the file. A particular order of those boj
le is not géngrally implied. However, the JPEG 2000 Signature box shall be the first box in a JP2 file, the File
shall imimediately follow the JPEG 2000 Signature box and the JP2 Header box shall fall before the Contig
stre@ny box.

o JP2
| box
atory

(es in

Type
uous

The

ftestow i Figure =1 15 @ strict sequerce of boxes. Other boxes Ay be fourd betweeTr thie boxes defined T

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
inpuf profiles as defined by the ICC Profile Format Specification, ICC.1:1998-09. This allows for the specificatio
wide| range of greyscale and RGB class colourspaces, as well as a few other spaces that can be represented by.thos
profife classes. See Annex J.9 for a more detailed description of the legal colourspace transforms, how those trans
are sfored in the file, and how to process an image using that transform without using an ICC colour management e
While restricted, these ICC profiles are fully compliant ICC profiles and the image can thus be precessed throug
ICC pompliant engine that supports profiles as defined in ICC.1:1998-09.

In addition to specifying the colourspace of the image, this Recommendation | Internationat-Standard provides a njeans
by which a single component palettized image can be decoded and converted back to multiple-component form by the
tranglation from index space to multiple-component space. Any such depalettization js-applied before the colourspgce is
interpreted. In the case of palettized images, the specification of the colourspace of the’image is applied to the mulfiple-
component values stored in the palette.

L.2.4 Inclusion of opacity channels

The JP2 file format provides a means to indicate the presence of auxiliary-channels (such as opacity), to define the type of
thosg¢ channels, and to specify the ordering and source of those channels (whether they are directly extracted frorh the
codeptream or generated by applying a palette to a codestream-eomponent). When a reader opens the JP2 file, if will
detefmine the ordering and type of each component. The application must then match the component definitior] and
ordefing from the JP2 file with the component orderingvas defined by the colourspace specification. Once th¢ file
components have been mapped to the colour channels;the decompressed image can be processed through any ndeded
coloyrspace transformations.

In mpny applications, components other than thé-colour channels are required. For example, many images used onf web
pagep contain opacity information; the browser uses this information to blend the image into the background. It is| thus
desitble to include both the colour and auxiliary channels within a single codestream.

How| applications deal with opa€ity or other auxiliary channels is outside the scope of this Recommendatjon |
Interpational Standard.

1.2.5] Metadata

One |[important aspect.of the JP2 file format is the ability to add metadata to a JP2 file. Because all informatipn is
encapsulated in bexés, and all boxes have types, the format provides a simple mechanism for a reader to extract relgvant
inforjmation, whilg'ignoring any box that contains information that is not understood by that particular reader. In this|way,
new |boxes_‘€an be created, either through this or other Recommendations | International Standards or piivate
implpmefitation. Also, any new box added to a JP2 file shall not change the visual appearance of the image.

1.2.6——C€onformmance withrthe fite formmat

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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1.3

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

The

Enumerated method

simplest method for characterizing the colourspace of an image is to specify an integer code representin

g the

colofirspace in which the image is encoded. This method handles the specification of SRGB and greyscale Am
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1.3.3

hsions to this method can be used to specify other colourspaces, including the definition of multi-componehtyjim

pxample, the image file may indicate that a particular image is encoded in the SRGB colourspageg..To pro
pret and display the image, an application must natively understand the definition of the SRGB coleurspace. Be
plication must natively understand each specified colourspace, the complexity of this method\i$ dependent g
colourspaces specified. Also, complexity of this mechanism is proportional to the number‘of colourspaces th:
fied and required for conformance. While this method provides a high level of interoperability for images end
r colourspaces for which correct interpretation is required for conformance, this method is very inflexible.
mmendation | International Standard defines a specific set of colourspaces for whicll interpretation is requirg
rmance.

Restricted ICC profile method

pplication may also specify the colourspace of an image using two. restricted types of ICC profiles. This m
les the specification of the most commonly used RGB and greyscale class colourspaces through a low-comp
od.

CC profile is a standard representation of the transformation required to convert one colourspace into an
rspace. With respect to the JP2 file format, an ICC profil€ defines how decompressed samples from the codes
pnverted into a standard colorspace (the Profile Configction Space (PCS)). Depending on the original colourspg
hmples, this transformation may be either very simple or very complex.

CC Profile Format Specification defines two-specific classes of ICC profiles that are simple to implement, refer
n the profile specification as Monochromie-Input and Three-Component Matrix-Based Input Profiles. These pr
the transformation from the source coleurspace to the PCSyy to the application of a non-linearity curve and

formation. Thus all conformifig)dpplications are required to correctly interpret the colourspace of any imag
fies the colourspace using thig/subset of possible ICC profile types.

he JP2 file format, profiles shall conform to the ICC profile definition as defined by the ICC Profile F
ification, ICC.1:19982>09, as well as the restrictions specified above. See Annex J.9 for a more detailed descripti
poal colourspaee transforms, how those transforms are stored in the file, and how to process an image using
form withoufusing an ICC colour management engine.

Using multiple methods

Arcl‘!itecturally, the format allows for multiple methods to be embedded in a file and allows other standards to ¢
additional enumerated methods and 1o define extended methods. 1his provides readers cConforming to those extensi
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x. It is practical to expect all applications, including simple devices, to be able to process the image through this
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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

The

with
colot
samy]

appli
com|j

1.3.6

Each
box.

Interactions with the decorrelating multiple component transform

kpecification of colour within the JP2 file format is independent of the use of a multiple component transform,
n the codestream (the CSsiz parameter of the SIZ marker segment as specified in Annex A.5.1 andrnnex G)

les after the reverse multiple component transformation has been applied to the decompressed'samples. Whil
cation of these decorrelating component transformations is separate, the application of an‘€hcoder-based mu
bonent transformation will often improve the compression of colour image data.

Key to graphical descriptions (informative)
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The usage describes the logical location and frequency of this box in the file,The length describes which param
mine the length of the box.
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eters

descriptions are followed by a figure that shows the order and relationship of the parameters in the box. Figuge I-2
shows an example of this type of figure. A rectangle is used to indicate the parameters in the box. The width o

gle is proportional to the number of bytes in the parameter..A'shaded rectangle (diagonal stripes) indicates th3

paraeter is of varying size. Two parameters with superscriptsand a gray area between indicate a run of several of
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eters. A sequence of two groups of multiple parametérs with superscripts separated by a gray area indicates
at group of parameters (one set of each parameter, iy the group, followed by the next set of each parameter i
b). Optional parameters or boxes will be shown with a dashed rectangle.

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

lengtl and nature of the run of parameters is-defined. As an example, in Figure I-2, parameters C, D, E and F are 8, 1

d variable length respectively. The notation G% and GN*]implies that there are n different parameters, G', in 4

broup of parameters H® and HM=land 19 and J M*lspecify that the box will contain H’, followed by 10, followq

und in this box.

the list is a tablecthat either describes the allowed parameter values or provides references to other tableg
ibe these values!

dition, in a-figure describing the contents of a superbox, an ellipsis (...) will be used to indicate that contents
etween<two’ boxes is not specifically defined. Any box (or sequence of boxes), unless otherwise specified b

definfitionr of that box, may be found in place of the ellipsis.
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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 mav be other boxes found between boxes AA and BR npaling with unknown boxes is disc

1ssed

in A
1.4

Phys
follo

nex 1.8.

Box definition

LBox:

TBox:

ically, each object in the file is encapsulated within a binary structure called a box. That binary structure
Ws:

LBox TBox —|_ XL—|];0x —|_ y/,

DBox

Figure I-4 — Organization of a Box

Box Length. This field specifies the length of the box, stofed as a 4-byte big endian unsigned in
This value includes all of the fields of the box, includifnig'the length and type. If the value of this fj
1, then the XLBox field shall exist and the value of\that field shall be the actual length of the box.
value of this field is 0, then the length of the box was not known when the LBox field was writts
this case, this box contains all bytes up to the‘end of the file. If a box of length 0 is contained W
another box (its superbox), then the length of‘that superbox shall also be 0. This means that this b
the last box in the file. The values 2—7 atesteserved for ISO use.

Box Type. This field specifies the type of information found in the DBox field. The value of this fi
encoded as a 4-byte big endian unsigned integer. However, boxes are generally referred to
ISO 646 character string transtation of the integer value. For all box types defined within
Recommendation | International Standard, box types will be indicated as both character
(normative) and as 4-byte hexadecimal integers (informative). Also, a space character is shown 1
character string translation of the box type as ‘“\040”. All values of TBox not defined withiy
Recommendation | Jnternational 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 fi

DBox:

1. This fi€ldis stored as an 8-byte big endian unsigned integer. The value includes all of the fields
box, inchiding the LBox, TBox and XLBox fields.

Box Contents. This field contains the actual information contained within this box. The format
box contents depends on the box type and will be defined individually for each type.
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Field name Size (bits) Value
LBox
32 8 E (1i3%r-1)
TBox 32 Variable
XLBox 64 16 — (2%-1); if LBox = 1
0 Not applicable; if LBox # 1
DBox Variable Variable

For gxample, consider the following illustration of a sequence of boxes, including one box thatjcontains other boxes:

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, the length of

Box |l includes the length of Boxes 2 and 3, in addition\t¢’the LBox and TBox fields for Box 1 itself. In this case,

f the

type jof Box 1 was not understood by a reader, it would not recognize the existence of boxes 2 and 3 because they would
be cgmpletely skipped by jumping the length of box 1 from the beginning of box 1.

The following table lists all boxes defined by,this Recommendation | International Standard. Indentation within the ftable
indidates the hierarchical containment structure of the boxes within a JP2 file:

Table I-2 — Defined boxes

Box name Type Superbox Required? Comments
JPEG 2000 Signature box P\040\040’ No Required This box uniquely identifies the
(0x6A50 2020) file as being part of the JPEG 2000
family of files.
File Type.box ‘ftyp’ No Required This box specifies file type, ver-
(0x6674 7970) sion and compatibility informa-
tion, including specifying if this
file is a conforming JP?2 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.
CU}UUI Syuu;ﬁuat;uu ‘l/\)ll’ }‘TU quu;;vd T:I;D bUA Dl}\(\a;ﬁ\ab t}l\a bUlUUlDl}a\z\a
box (0x636F 6C72) of the image.
Palette box ‘pelr’ No Optional This box specifies the palette
(0x7063 6C72) which maps a single coniponent in
index space to a multiple-compo-
nent image.
Component Mapping ‘cmap’ No Optional This box specifies the mapping
box (0x636D 6170) between 4 palette and codestream
components.
Channel Definition box ‘cdef’ No Optional TFhis-box specifies the type and
(0x6364 6566) ordering of the components within
the codestream, as well as those
created by the application of a pal-
ette.
Resolution box ‘res\040’ Yes Optional This box contains the grid resolu-
(0x7265 7320) tion.
Capture Resolution ‘resc’ No Optional This box specifies the grid resolu-
box (0x7265 7363) tion at which the image was cap-
tured.
Default Display ‘resd’ No Optional This box specifies the default grid
Resolution box (0x7265 73649 resolution at which the image
should be displayed.
Contiguous Codestream jp2¢’ No Required This box contains the codestream
box (0x6A70 3263) as defined by Annex A of this Rec-
ommendation | International Stan-
dard
Intellectual 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 which
(0x786D 6C20) vendors can add XML formatted
information to a JP2 file.
UUID box ‘uuid’ No Optional This box provides a tool by which
(OA7575 6964) V\/lldUlD wdlrr ﬂ.dd add;t;uua} ;llf\}l
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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Table I-2 — Defined boxes (continued)

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

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)

© ISO/IEC 2000 — All rights reserved
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| B

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.

151

The

JPEG 2000 Signature box

Interpational Standard, as well as provides a small amount of information which can help determine the validity

rest

f the file. The JPEG 2000 Signature box shall be the first box in the file, and all files shall contain onerand onl

JPE@ 2000 Signature box.

The
The

veriffcation purposes, this box can be considered a fixed-length 12-byte string which shall have the value:
0x0(00 000C 6A50 2020 ODOA 870A.

The

trangmission errors. The CR-LF sequence in the contents catches bad file transfers’ that alter newline sequences

contt
trang

ol-Z character in the type stops file display under MS-DOS. The final linefeed checks for the inverse of the C

JPEG 2000 Signature box identifies that the format of this file was defined by the JPEG 2000 Recommendalion |

f the
y one

ype of the JPEG 2000 Signature box shall be ‘jP\040\040° (0x6A50 2020). The length of thisibox shall be 12 bytes.
contents of this box shall be the 4-byte character string ‘<CR><LF><0x87><LF>" (0xODOA 870A). For file

combination of the particular type and contents for this box enable an application to detect a common set af file

The
R-LF

lation problem. The third character of the box contents has its high-bit Set to catch bad file transfers that clear Hit 7.
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1.5.2

| SO/IEC 15444-1:200

File Type box

0(E)

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

ype of the File Type Box shall be ‘ftyp’ (0x6674 7970). The contents of this box shall be as follows:

BR:

MinV: Minor version. This parameter defines the minor version number of this JP2 specification for whic

CL%:

- T — v /T T 1
NN

BR MinV L _CM

Figure I-6 — Organization of the contents of a File Type box

Brand. This field specifies the Recommendation | International Standard swhich completely define
file. This field is specified by a four byte string of ISO 646 charactersyThe value of this field is de
in Table I-3:

Table I-3 — Legal Brand values

Value Meaning
jp2\040’ 1S 15444-1, Annex I (This Recommendation | International Standard)
other values Reservied for other ISO uses

In addition, the Brand field shall be~¢onsidered functionally equivalent to a major version numb
major version change (if there everis one), representing an incompatible change in the JP2 file fo
shall define a different value forthe Brand field.

If the value of the Brand field is not ‘jp2\040’, then a value of ‘jp2\040’ in the Compatibilit
indicates that a JP2 reader can interpret the file in some manner as intended by the creator of the fi

file complies. The parameter is defined as a 4-byte big endian unsigned integer. The value of this
shall be zero.\However, readers shall continue to parse and interpret this file even if the value o
field is notZzero.

Compatibility list. This field specifies a code representing this Recommendation | Internat
Standard, another standard, or a profile of another standard, to which the file conforms. This fig
gncoded as a four byte string of ISO 646 characters. A file that conforms to this Recommenda
International Standard shall have at least one CL' field in the File Type box, and shall contain the
‘jp2\040” in one of the CL' fields in the File Type box, and all conforming readers shall pro
interpret all files with ‘jp2\040’ in one of the CL' fields.

this
fined

er. A
fmat,

list
le.

h the
field
F this

jonal
1d is
ion |
alue
berly

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
CLl 32 —32ty
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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

This
read
Stan

ype of the JP2 Header box shall be ‘jp2h’ (0x6A70 3268).

ihdr

ihdr:

bpcc:

colr':

pclr:

cdef:

res:

box contains several boxes. Other boxes may be defined in other standards and may be ignored by confor
rs. Those boxes contained within the JP2 Header box that are defined within this Recommendation |(Internat|
lard are as follows:

cmap:

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 widt
structure is specified in Annex 1.5.3.1. This box shall be the first'box in the JP2 Header box.

Bits Per Component box. This box specifies the bit depth ‘of each component in the codestream

decompression. Its structure is specified in Annex 1.5¢3.27 This box may be found anywhere in th¢

Header box provided that it comes after the Image Header box.

Colour Specification boxes. These boxes speeify the colourspace of the decompressed image.
structures are specified in Annex 1.5.3.3. There'shall be at least one Colour Specification box withi
JP2 Header box. The use of multiple Colour Specification boxes provides the ability for a decoder
given multiple optimization or compatibility options for colour processing. These boxes may be f}
anywhere in the JP2 Header box-provided that they come after the Image Header box. All C
Specification boxes shall be contigious within the JP2 Header box.

Palette box. This box defines.the palette to use to create multiple components from a single compo
Its structure is specified ‘in’ Annex 1.5.3.4. This box may be found anywhere in the JP2 Headej
provided that it comés, after the Image Header box.

Component Mapping box. This box defines how image channels are identified from the 4
components_inthe codestream. Its structure is specified in Annex 1.5.3.5. This box may be fi
anywhere-in.the JP2 Header box provided that it comes after the Image Header box.

ChannehDefinition box. This box defines the channels in the image. Its structure is specified in Al

ming
onal
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after
JP2
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1.5.3.6! This box may be found anywhere in the JP2 Header box provided that it comes after the Iinage

Heéeader box.

Resolution box. This box specifies the capture and default display grid resolutions of the imag
structure is specified in Annex 1.5.3.7. This box may be found anywhere in the JP2 Header
provided that it comes after the Image Header box.

e, Its
box
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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 H

eader

box
the v

The

NC:

ind the first codestream are not conforming files. However, readers may choose to attempt to read these files by,
alues found within the codestream.

ype of the Image Header box shall be ‘ihdr’ (0x6968 6472) and contents of the box shall have the foHowing fo
C IPR
HEIGHT WIDTH NC
BPC UnkC

HEIGHT:Image area height. The value of this parameter indicates the height of the image area. This fi

WIDTH:Image area width. The value of this parameter indicates the width of the image area. This fi

BPC:

Figure I-8 — Organization of the contents of an Image Header box

stored as a 4-byte big endian unsigned integer. The value.0f this field shall be Ysiz — YOsiz, whereg
and YOsiz are the values of the respective fields in the S[Z/marker in the codestream. See Figure B
an illustration of the image area. However, reference grid points are not necessarily square; the a
ratio of a reference grid point is specified by thé&Resolution box. If the Resolution box is not prq
then a reader shall assume that reference grid points are square.

stored as a 4-byte big endian unsigned integer. The value of this field shall be Xsiz — XOsiz, whereg
and XOsiz are the values of the respective fields in the SIZ marker in the codestream. See Figur
for an illustration of the imagesdreéa. However, reference grid points are not necessarily squarg
aspect ratio of a reference grid-point is specified by the Resolution box. If the Resolution box
present, then a reader shall*assume that reference grid points are square.

Number of components., This parameter specifies the number of components in the codestream 4
stored as a 2-byte bigieéndian unsigned integer. The value of this field shall be equal to the value
Csiz field in the-SIZ marker in the codestream.

Bits per component. This parameter specifies the bit depth of the components in the codestream, 1
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 and sh
equivalent to the values of the Ssiz' fields in the SIZ marker in the codestream (which shall 4
equal). If the components vary in bit depth, then the value of this field shall be 255 and the JP2 H
box shall also contain a Bits Per Component box defining the bit depth of each component (as ddg
in Annex 1.5.3.2).

The low 7-bits of the value indicate the bit depth of the components. The high-bit indicates wheth
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components are signed or unsigned. If the high-bit is I, 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 the image
data. The value of this field shall be 7. It is encoded as a 1-byte unsigned integer. Other values are

reserved for ISO use.

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

© ISO/IEC 2000 — All rights reserved
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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
IxxxXXRXX Components are signed values
11 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:

BPCNC!

11

BPC?

Figure I-9 — Organization of the contents of a Bits Per Component box

BPC!: Bits per component. This parameter specifies the bit depth of component i, minus 1, encoded a:
byte value. The ordering of the components within the Bits Per Component Box shall be the same
ordering of the components within the codestream. The number ¢d£-BPC' fields shall be the same 4
value of the NC field from the Image Header box. The valug of this field shall be equivalent g
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 wheth
component is signed or unsigned. If the high-bit is 1, then the component contains signed values.
high-bit is 0, then the component contains unsigned,values.

Table I-7 — Format of the contents'of the Bits Per Component box

Field name Size (bits) Value
BPC! 8 See Table I-8
Table I-8 — BPC! values
Values (bits) Component sample precision
MSB LSB

x000,0000 — Component bit depth = value + 1. From 1 bit deep through 38 bits
x01Q 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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.3 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
follo|

ype of a Colour Specification box shall be ‘colr’ (0x636F 6C72). The contents of a Colour Specification\box

WS:
PREC
-7- T//
Enmcs (/)
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 box to d
the colourspace of the decompressed image. This field i’encoded as a 1-byte unsigned integer
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.the‘value shall be set to zero; however, confor
readers shall ignore the value of this field. This field'is specified as a signed 1 byte integer.

APPROX:Colourspace approximation. This fieldspecifies the extent to which this colour specific
method approximates the “correct” definition of the colourspace. The value of this field shall be
zero; however, conforming readers shall“ignore the value of this field. Other values are reserve
other ISO use. This field is specified-as'1 byte unsigned integer.

EnumCS:Enumerated colourspace. This-field specifies the colourspace of the image using integer code}

correctly interpret the colour©f-an image using an enumerated colourspace, the application must k

the definition of that colourspace internally. This field contains a 4-byte big endian unsigned in
value indicating the colourspace of the image. If the value of the METH field is 2, then the Enu
field shall not existSValid EnumCS values for the first colourspace specification box in conforming
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 Profile Fd
Specification, which specifies the transformation of the decompressed image data into the PCS.
field shall not exist if the value of the METH field is 1. If the value of the METH field is 2, then thg
profile’ shall conform to the Monochrome Input Profile class or the Three-Component Matrix-H
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
in the PROFILE field. This profile shall specify the transformation needed to
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 inthe
profile header in the embedded profile shall be ‘XYZ\040’ (0x5859 5A20)
indicating that the output colourspace of the profile is in the XYZeolourspace.

Any private tags in the ICC profile shall not change the visual‘appearance of
an image processed using this ICC profile.

The components from the codestream may have a range greater than the input
range of the tone reproduction curve (TRC) of the ICC profile. Any decoded
values should be clipped to the limits of the TRC, before processing the image
through the ICC profile. For example, negatiye'sample values of signed com-
ponents may be clipped to zero before processing the image data through the
profile.

See Annex J.9 for a more detailed deseription of the legal colourspace trans-
forms, how those transforms aretored in the file, and how to process an
image using that transform without using an ICC colour management engine.

If the value of METH is;2¢then the PROFILE field shall immediately follow
the APPROX field and the PROFILE field shall be the last field in the box.

other values Reserved for othér.ISO 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 Il

for(Y <0,04045), Y, = Y/12,92

Y +0,055)%4 LB
fOl’(Y > 0,040 45), Ylin = (W)
where Y};, is the linear image luminance value in the range 0.0 to/T.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 324METH=1 0—(2°%-1)
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

164

ype of the Palette box shall be ‘pclr’ (0x7063 6C72). The contents of this box shall be as follows:

NE:

NPC:

Bi:

78
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 2-by
endian unsigned integer.

Number of components created by the application of the palette. For example, if the palette tu
single index component into a three-component RGB image, then the value of this field shall be 3
field is encoded as a 1-byte unsigned integer

This parameter specifies the bit depth'\of generated component i, encoded as a 1-byte big endian in
The low 7-bits of the value indicat€)the bit depth of this component. The high-bit indicates wheth
component is signed or unsignéd. If the high-bit is 1, then the component contains signed values.
high-bit is 0, then the componént contains unsigned values. The number of B' values shall be the
as the value of the NPC field.

The generated companent value for entry j for component i. Clt values are organized in comp
major order; alL.of the component values for entry j are grouped together, followed by all of the e
for component j+1. The size of C'" is the value specified by field B'. The number of components sh
the same as.the NPC field. The number of C/! values shall be the number of created component
NPC field)-times the number of entries in the palette (NE). If the value of B' is not a multiple of 8
each €*value is padded with zeros to a multiple of 8 bits and the actual value shall be stored in the
ofderbits of the padded value. For example, if the value of B' is 10 bits, then the individual C*
shall be stored in the low 10 bits of a 16 bit field.

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)
0XXX XXXX Components are unsigned values
1xxXxX XXXX Components are signed values
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 theJR2 Header boxcontains-a-Palette box,-then the JP2 Header box-shall also contain-a Compc apping 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 thys case, the components shall be mapped directly to channels, such that component i is mapped to channelN:

The type of the Component Mapping box shall be ‘cmap’ (0x636D 6170). The contents of this box shall be as folloys:

pcoL PCOL™

CcMPY CMP"
MTYP? MTYP"?

Figure I-12 — Organization of the contents of a Channel Definition box

CMP': This field specifies the index of component from the codestream that is mapped to this channel (¢ither
directly or through a palette). This field is encoded as a2-byte big endian unsigned integer.

MTYP!: This field specifies how this channel is generated from the actual components in the file. This fipld is
encoded as a 1-byte unsigned integer. Legal values of the MTYP' field are as follows:

Table I-14 — MTEYP" field values

Value Meaning

0 Direct use. This channel is created directly from an actual component in the
codestream. The.index of the component mapped to this channel is specified
in the CMPXfield for this channel.

1 Palette mapping. This channel is created by applying the palette to an actual
coniporient in the codestream. The index of the component mapped into the
palefte is specified in the CMP" field for this channel. The column from the
pdlette to use is specified in the PCOL! field for this channel.

2 —255 Reserved for ISO use

PCOL!:Thiy field specifies the index component from the palette that is used to map the actual comppnent
from the codestream. This field is encoded as a 1-byte unsigned integer. If the value of the MTYP] field
for this channel is 0, then the value of this field shall be 0.

Table I-15 — Format of the contents of the Component Mapping 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
chanpel described by that association, the type of that channel, and the association of that channel with particular celpurs.
This|box may specify multiple descriptions for a single channel; however, the type value in each description fer\the fame
chanhpel shall be the same in all descriptions.

Ifa
red

ultiple component transform is specified within the codestream, the image must be in an RGB colourspace and the
breen and blue colours as channels 0, 1 and 2 in the codestream, respectively.

The type of the Channel Definition box shall be ‘cdef’ (0x6364 6566). The contents of this bex shall be as follows:

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 in 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 the actual
component from the codestream if the file*does not contain a Component Mapping box). This figld is
encoded as a 2-byte big endian unsigned integer.

Channel type. This field specifies.the type of the channel for this description. The value of this|field
specifies the meaning of the decempressed samples in this channel. This field is encoded as a 2-byte big
endian unsigned integer. I.eégal values of this field are shown in Table I-16:

Typ:

Asoc': Channel association, This field specifies the index of the colour for which this channel is digectly
associated (or a speeial value to indicate the whole image or the lack of an association). For examgile, if
this channel is anopacity channel for the red channel in an RGB colourspace, this field would spgcify
the index of-the“colour red. Table I-17 specifies legal association values. Table I-18 specifies [legal
colour indices. This field is encoded as a 2-byte big endian unsigned integer.

The [values in Table I=18“specify indices that have been assigned to represent specific “colours” and do not refer to
specific channels (6r‘edmponents within the codestream or palette). Readers must use the information contained wfithin
the (hannel Definition box to determine which channels contain which colours.

In thiis box;>channel indices are mapped from particular components within the codestream or palette. Colour inflices
spec]fy-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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Typ,
3}

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-

Dca e oot 10007 1 ALl e 1 1 S'l 11 1
e mmarcarcs—a ToU 70 opaqueSampreT 7y opacity craners—siar T mappea

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 1.3

Sp = SX(x

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 channel; 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 — Asoc-field values

Value Meaning

0 This channel is assogiated 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 channelss associated with a particular colour as indicated by this value.
This valte is used to associate a particular channel with a particular aspect of
the Specification of the colourspace of this image. For example, indicating that
a'channel is associated with the red channel of an RGB image allows the
reader to associate that decoded channel with the Red input to an ICC profile
contained within a Colour Specification box. Colour indicators are specified in
Table I-18

216.4 This channel is not associated with any particular colour

Asoc} tuples would be found in the Channel Definition box for the two opacity channels: {i, 1, 1}, {i, 1,2} and

Ther

shall-not-be-more-than-one-channelHnaJP2fle-with-a-the-same-P ol ond Acocl valing oote ooiebh tho ovnong

Y o 1
Sttt HO T O CTTHOT ettt ottt T It e et e y P oo x> 00—y araC—patt, vyttt tio-eXCOptr

{ja 1’

n 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

Class of Colour indicated by the following value of the Asoc! field
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 vV
HLS H L S
CMYK C M Y K
CMY C M Y
Jab J a b
colourspaces, 1 2 ; 4

Palefte box, the component specifi¢das input to the palette in the Component Mapping box is not itself directly assigned

toa

hannel and thus shall not be listed in the Channel Definition box.

Table I-19 — Format of the Channel Definition box

Parameter Size (bits) Value
N 16 0— (21
Cn' 16 0— '°1)
Fyp! 15 T—2*=1)
Asoc! 16 0—(2'6-1)
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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 — 7

I I
, resc | resd

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 captured, 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_atwhich 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 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
VRc = m x 10 I4
HRcN HRcE
HRc = Im x 10 15
The palues VRc and HRc are always in reference grid points per meter. If an application requiresythe grid resolutipn in
another unit, then that application must apply the appropriate conversion.
The fype of a Capture Resolution box shall be ‘resc’ (0x7265 7363). The contents of the\Capture Resolution box gre as
follofws:

HRcE

VRcN|VReD|HReN|HRcD
VRcE

Figure I-15 — Organization of the contents of the Capture Resolution box

VRecN: Vertical Capture grid resolution numeratar. ‘This parameter specifies the VRcN value in Equation 1.4,
which is used to calculate the vertical. capture grid resolution. This parameter is encoded as a 2-byte big

endian unsigned integer.

VRcD: Vertical Capture grid resolution denominator. This parameter specifies the VRcD value in Equatio
which is used to calculate the(vertical capture grid resolution. This parameter is encoded as a 2-byf]
endian unsigned integer.

HRcN:Horizontal Capture grid resolution numerator. This parameter specifies the HRcN value in Equ
.5, which is usedte calculate the horizontal capture grid resolution. This parameter is encoded a{
byte big endiad unsigned integer.

HRcD:Horizontal ‘Capture grid resolution denominator. This parameter specifies the HRcD value in Equ
1.5, which-is used to calculate the horizontal capture grid resolution. This parameter is encoded a{
byte’big‘endian unsigned integer.

h 1.4,
e big

ation
a?2-

ation
a2-

VRcE:Vertical Capture grid resolution exponent. This parameter specifies the VRcE value in Equation 1.4,

which is used to calculate the vertical capture grid resolution. This parameter is encoded as a
complement 1-byte signed integer.

HRcE:Horizontal Capture grid resolution exponent. This parameter specifies the HRcE value in Equatio

IWOS-

n 1.5,

which is used to calculate the horizontal capture grid resolution. This parameter is encoded as a

WOS-

complement 1-byte signed integer.
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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 3 \«16 1)
HRcD 16 1 — (2'%-1)
VRCcE 8 4128 — 127
HRcE 8 -128 — 127
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1.5.3.7.2 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:

VRAN VRAE
VRd = mx 10

HRdAN HRAE

1.6

L7

The palues VRd and HRd are always in reference grid points per meter. If an application requires)the grid resolutipn in

another unit, then that application must apply the appropriate conversion.

The [type of a Default Display Resolution box shall be ‘resd’ (0x7265 7364). The _confents of the Default Di
Resdlution 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.

1.7, which is usedte'calculate the horizontal display grid resolution. This parameter is encoded a
byte big endian unsigned integer.

HRdD:Horizontal\Display grid resolution denominator. This parameter specifies the HRdD value in Equ
1.7, which'1s used to calculate the horizontal display grid resolution. This parameter is encoded a{
bytebig’endian unsigned integer.

VRdE:Vertical Display grid resolution exponent. This parameter specifies the VRJE value in Equatioi
which is used to calculate the vertical display grid resolution. This parameter is encoded as a t
complement 1-byte signed integer.

HRdE:Horizontal Display grid resolution exponent. This parameter specifies the HRJE value in Equatio

which is used to calculate the horizontal dicp]nv grid resolution. This parameter is encoded as at

complement 1-byte signed integer.

© ISO/IEC 2000 — All rights reserved
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VRdAN: Vertical Display grid resolution numerator. This parameter specifies the VRdN value in Equation 1.6,
which is used to calculate the vertical display grid resolution. This parameter is encoded as a 2-byte big

VRdD: Vertical Display grid resolution denominator. This parameter specifies the VRdD value in Equatiop 1.6,
which is used to calculate the(vertical display grid resolution. This parameter is encoded as a 2-byte big

HRdN:Horizontal Display grid resolution numerator. This parameter specifies the HRdN value in Equption

a?2-

ation
a2-

n 1.6,
WOS-

h 1.7,
WOS-
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Table I-21 — Format of the contents of the Default Display Resolution box

Field name Size (bits) Value
VRAN 16 1—(2'6-1)
VRdD 16 1—(2'%-1)
HRAN 16 3 \«16 1)
HRdD 16 1 — (2'%-1)
VRAE 8 -128 — 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:

ZZZ

,
%
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 Codestréam box

Field name Size (bits) Value

Code Variable Vatiable
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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

vpe of the Intellectual Property Box shall be ‘jp2i’ (0x6A70 3269)

1.7

The
form

1.7.1

An
defin
boxe

The

The

nece|
Stan:
imag

Adding vendor specific information to the JP2 file format

following boxes provide a set of tools by which applications can add vendor specific information ‘to the JP|
at. All of the following boxes are optional in conforming files and may be ignored by conforming readers.

XML boxes

(ML box contains vendor specific information (in XML format) other than the inforimation contained within |
ed by this Recommendation | International Standard. There may be multiple XML boxes within the file, and
s may be found anywhere in the file except before the File Type box.

ype of an XML box is ‘xmI\040’ (0x786D 6C20). The contents of the box(Shall be as follows:

7

DATA
Figure I-18 — Organization of the contents of the XML box

pxistence of any XML boxes is optional for conforming files. Also, any XML box shall not contain any inform
bsary for decoding the image to the extent that is defined within this part of this Recommendation | Interna
lard, and the correct interpretation of the(contents of any XML box shall not change the visual appearance
e. All readers may ignore any XML bOx;in the file.

DATA:This field shall contain a well-formed XML instance document as defined by REC-xml-1998021(.

D file

DOXES
those

ation
ional
f the
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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:

77

ID

/)

The ¢xistence of any UUID boxes is optional for conforming files. Also, any UUID box shall not contain any inform|
necepsary for decoding the image to the extent that is\defined within this part of this Recommendation | Internat

DATA

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. The yalue of this U
specifies the format of the vendor specific information stored in the DATA fieldyand the interpret
of that information.

DATA:This field contains the vendor specific information. The format of this information is defined outsi
the scope of this standard, but is indicated by the value of the UUIDAfield.

Table I-23 — Format of the contents of a UUID \box

Field name Size (bits) Value
UuID 128 Variable
DATA Variable Variable

UID
ation

e of

ation
jonal

Stanglard, and the interpretation of the informationsin-any UUID box shall not change the visual appearance of the image.
All rpaders may ignore any UUID box.
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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 of a UUID Info box shall be ‘uinf’ (0x7569 6E66). The contents of a UUID Info box are as follows;

G
A .
UList DE

Figure I-20 — Organization of the contents of a UUID Info bex

UList: UUID Li