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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
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committees collaborate in fields of mutual interest. Other international organizations, governmental
governmental, in liaison with ISO and IEC, also take part in the work. In the field of infermation
gy, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

h task of the joint technical committee is to prepare International Standards. ‘Draft International

national Organization for Standardization (ISO) and International Electfotechnical Commission (IEC
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t of ISO/IEC 15444 was prepared by Joint Technical ‘Committee ISO/IEC JTC 1, Informatig
by, Subcommittee SC 29, Coding of audio, picture, , multimedia and hypermedia information i
tion with ITU-T. The identical text is published as ITU-T Rec. T.800.
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pnd edition cancels and replaces the first edition, (ISO/IEC 15444-1:2000), of which it constitutes ja
vision. It also incorporates the Amendment.ISO/IEC 15444-1:2000/Amd.1:2002 and the Technical
Ha ISO/IEC 15444-1:2000/Cor.1:2002 and ISQ/IEC 15444-1:2000/Cor.2:2002.

15444 consists of the following parts,~under the general title Information technology — JPEG 2000
ding system:

1: Core coding system
2: Extensions

3: Motion JPEG 2000
4: Conformancetesting
5: Reference software

6..Compound image file format
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9: Interactivity tools, APIs and protocols

The following part is under preparation:
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8: Secure JPEG 2000
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

1

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

Scope

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

This Recommendation | International Standard:

2

The

cons
werg
Recd
editi
valid
valid

2.1

References

following Recommendations and International Standards contain provisions which, through reference in this
itute provisions of this Recommendation | International Standard. At the time ef publication, the editions indi
valid. All Recommendations and Standards are subject to revision, anch parties to agreements based on
mmendation | International Standard are encouraged to investigate €he possibility of applying the most r
bn of the Recommendations and Standards listed below. Members-0f JEC and ISO maintain registers of cury
International Standards. The Telecommunication Standardization‘Bureau of the ITU maintains a list of curr
ITU-T Recommendations.

Identical Recommendations | International Standards

Specities decoding processes 10T Convertng compressed image data 1o 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 source image data to compressed image dat

provides guidance on how to implement these processes in practice.

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

ITU-T Recommendation T.88 (2000) | ISO/IEC 14492:2001, Information technology — Lossy/los
coding of bi-level images.
ISO/IEC 646:1991, Informdtion technology — ISO 7-bit coded character set for information interchd

ISO 8859-15:1999, Infoxmation technology — 8-bit single-byte coded graphic character sets — Pa
Latin alphabet No. 9:

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

ITU-T Recommendation T.84 (1996)/Amd.1 (1999) | ISO/IEC 10918-3:1997/Amd.1:1999, Inform
technology’ — Digital compression and coding of continuous-tone still images: Extensio
Améndnient 1: Provisions to allow registration of new compression types and versions in the S]
header.

FTU-T Recommendation T.86 (1998) | ISO/IEC 10918-4:1999, Information technology — D
compression and coding of continuous-tone still images: Registration of JPEG Profiles, SPIFF Prg
SPIFF Tags, SPIFF colour Spaces, APPn Markers, SPIFF, Compression types and Registri
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2.2

ITU-T Recommendation T.87 (1998) | ISO/IEC 14495-1:1999, Lossless and near-lossless compression

of continuous-tone still images — Baseline.

Additional references

Specification ICC.1:1998-09, File format for Color Profiles.

IEC 61966-2-1:1999, Multimedia systems and equipment — Colour measurement and management —

Part 2-1: Colour management — Default RGB colour space — sRGB.
W3C REC-xml-19980210, Extensible Markup Language (XML 1.0).
IETF RFC 2279 (1998), UTF-8, a transformation format of ISO 10646.

ITU-T Rec. T.800 (08/2002 E)
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— ISO/IEC 11578:1996, Information technology — Open Systems Interconnection — Remote Procedure

Call.

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

Definitions

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

31
3.2

3.3
has ;

3.4
has 9

3.5

3.6
and Y

3.7

3.8

3.9
to al
comj

3.10
incly
head

3.11

3.12
othel

3.13
with
3.14
stord
3.15

3.16
from

3.17
and
bit-p|

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

1] ceiline function: This indi .

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

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

AND: Bit wise AND logical operator.

arithmetic coder: An entropy coder that converts variable length strings to variable length codes (enco
isa versa (decoding).

bit: A contraction of the term "binary digit"; a unit of informationsepresented by a zero or a one.

the bits of the same magnitude in all coefficients or samples. This could refer to a bit-plane in a component
ponent, code-block, region of interest, or other.

bit stream: The actual sequence of bits resulting\from the coding of a sequence of symbols. It doe
de the markers or marker segments in the main and tile-part headers or the EOC marker. It does include any p
ers and in stream markers and marker segments not found within the main or tile-part headers.

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

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

box contents: Refers to the data wrapped within the box structure. The contents of a particular box are §|
n the DBox field within the box‘data structure.

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

byte: Eight bits.

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

cleanup pass: A coding pass performed on a single bit-plane of a code-block of coefficients. The first
nlycscading pass for the first significant bit-plane is a cleanup pass; the third and the last pass of every rema
lafie,1$ a cleanup pass.

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

and

pair

pair

Hing)

For

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

tile-

5 not

hcket

ntain

ored

OX 1S

nent

pass
Ining

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
3.20

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

code-block scan: The order in which the coefficients within a code-block are visited during a coding

pass.

The code-block is processed in stripes, each consisting of four rows (or all remaining rows if less than four) and
spanning the width of the code-block. Each stripe is processed column by column from top to bottom and from left to

right
3.21

2

coder: An embodiment of either an encoding or decoding process.
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3.22 coding pass: A complete pass through a code-block where the appropriate coefficient values and context are
applied. There are three types of coding passes: significance propagation pass, magnitude refinement pass and cleanup
pass. The result of each pass (after arithmetic coding, if selective arithmetic coding bypass is not used) is a stream of
compressed image data.

3.23 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, a red
channel or a greyscale channel would be a colour channel.

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

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

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 decodingef the prpsent

coefficient.

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

3.30 context vector: The binary vector consisting of the significance states of 4¢hecoefficients included|in a
contgxt.

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 par{ of a

recopstructed image.

3.33 decomposition level: A collection of wavelet sub-bands where each coefficient has the same spatial impgct or
span| with respect to the source component samples. These includéythe HL, LH, and HH sub-bands of the samq two
dimgnsional sub-band decomposition. For the last decompositiop,level the LL sub-band is also included.

3.34 delimiting markers and marker segments: Markers and marker segments that give information gbout
beginning 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
spatiplly discrete samples.

3.36 encoder: An embodiment of an en¢oding process.

3.37 encoding process: A proeess that takes as its input all or part of a source image data and outpfts a
codeptream.

3.38 file format: A codestream and additional support data and information not explicitly required fof the

decoding of codestream. Examples of such support data include text fields providing titling, security and histqrical
infogmation, data to suppett placement of multiple codestreams within a given data file, and data to support exchlange
betwjeen platforms or‘conversion to other file formats.

3.39 fixed information markers and fixed information marker segments: Markers and marker segmenty that
offer] information’about the original image.

3.40 functional markers and functional marker segments: Markers and marker segments that offer informption
about the coding procedures.

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

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

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

ITU-T Rec. T.800 (08/2002 E) 3
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345 HL sub-band: The sub-band obtained by forward horizontal high-pass filtering and vertical low-pass
filtering. This sub-band contributes to reconstruction with inverse vertical low-pass filtering and horizontal high-pass
filtering.

3.46 image: The set of all components.

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

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

3.49 image data: The components and component samples making up an image. Image data can refer to either the
source 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
erroi] resilience functionality.

3.51 informational markers and informational marker segments: Markers and marker segments that joffer
ancillary information.

3.52 irreversible: A transformation, progression, system, quantization, or other process that, due to systenfic 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 Recommendation | International Standard.
Strugturally, a JP2 file is a contiguous sequence of boxes.

3.54 JPEG: Used to refer globally to the encoding and decoding process 0fthe following Recommendations |
Interpational Standards:

— ITU-T Rec. T.81 | ISO/IEC 10918-1, Information techndlogy — Digital compression and codinlg of
continuous-tone still images: Requirements and guidelines;

— ITU-T Rec. T.83 | ISO/IEC 10918-2, Information technology — Digital compression and codirlg of
continuous-tone still images: Compliance testing;

— ITU-T Rec. T.84 | ISO/IEC 10918-3, Informdation technology — Digital compression and codifg of
continuous-tone still images: Extensions;

— ITU-T Rec. T.84 | ISO/IEC 10918-3/Amd’1, Information technology — Digital compression and c¢ding
of continuous-tone still images: Extensions — Amendment 1: Provisions to allow registration of] new
compression types and versions in the’SPIFF header;

— ITU-T Rec. T.86 | ISO/IEC:\10918-4, Information technology — Digital compression and codifg of
continuous-tone still images: Registration of JPEG Profiles, SPIFF Profiles, SPIFF Tags, SPIFF cplour
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 |
Interpational Standard and their emibodiment in applications.

3.56 LH sub-band: The”sub-band obtained by forward horizontal low-pass filtering and vertical hightpass

ﬁlteIng. This sub-band contributes to reconstruction with inverse vertical high-pass filtering and horizontal low}pass
filteqing.

3.57 LL subsband: The sub-band obtained by forward horizontal low-pass filtering and vertical low-pass filtgring.
This|sub-band.contributes to reconstruction with inverse vertical low-pass filtering and horizontal low-pass filtering.

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

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

3.60 lossy: A descriptive term for the effect of the overall encoding and decoding processes in which the output of
the decoding process is not identical to the input to the encoding process. There is distortion (measured
mathematically). At least 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 codestream that describe the
image parameters and coding parameters that can apply to every tile and tile-component.

4 ITU-T Rec. T.800 (08/2002 E)
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3.63 marker: A two-byte code in which the first byte is hexadecimal FF (0xFF) and the second byte is a value
between 1 (0x01) and hexadecimal FE (0xFE).

3.64 marker segment: A marker and associated (not empty) set of parameters.
3.65 mod: mod(y,x) = z, where z is such that 0 <z < x, and such that y — z is a multiple of x.
3.66 packet: A part of the bit stream comprising a packet header and the compressed image data from 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 about
the location of structures in the codestream.

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

3.70 precision: Number of bits allocated to 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 "bgtter"
rGC(;Istruction of the image. What metrics make the reconstruction "better" is a function of the application. $ome
examples of progression are increasing resolution or improved sample fidelity.

3.72 quantization: A method of reducing the precision of the individual coefficiénts/to reduce the number of bits
used| to entropy-code them. This is equivalent to division while compressing and ‘multiplying while decompregsing.
Quantization can be achieved by an explicit operation with a given quantizatien-value or by dropping (truncdting)
codiIg passes from the codestream.

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 point and moves to the immediate right data point, and sQJon, to the end of the row. After the end df the
row |s reached the next data point in the sequence is the left-most data point immediately below the current row.| This
ordef is continued to the end of the array.

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

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

3.76 reference grid: A regular rectangular afray of points used as a reference for other rectangular arrays of/|data.
Exarpples 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 gome
user{defined measure.

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

3.80 reversible:¢A “transformation, progression, system, or other process that does not suffer systemic or
quantization error andy 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 pags for
erroy resilience.

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

3.84 shift: Multiplication or division of a number by powers of two.
3.85 sign bit: A bit that indicates whether a number is positive (zero value) or negative (one value).
3.86 sign-magnitude notation: A binary representation of an integer where the distance from the origin is

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

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

ITU-T Rec. T.800 (08/2002 E) 5
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3.88 significance state: State of a coefficient at a particular bit-plane. If a coefficient, in sign-magnitude notation,
has the first magnitude 1 bit at, or before, the given bit-plane it is considered "significant". If not, it is considered
"insignificant".

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

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

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

bOX ) Ab l.hU JPZ ﬁlC bUllLdillb Ullly d bUllliguUUb ST UCTICT Uf ‘UU)&UD, LIIU JPZ ﬁlU ib il.bt?‘lf LUllbidUlCd d DUIJUIIUUA. 3 hen
used|as part of a relationship between two boxes, the term "superbox" refers to the box which directly contains-the: pther
box.

3.94 tile: A rectangular array of points on the reference grid, registered with and offset from thé\reference grid
origip 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 portion of the codestream with compressed image data for some, or all, of a tile. The tilg-part

inclydes at least one, and up to all, of the packets that make up the coded tile.

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

3.99 tile-part index: The index of the current tile-part ranging from'zero to the number of tile-parts minus ong in a
giveI: tile.
3.10 transformation: A mathematical mapping from one signal'space to another.

3.10) transform coefficient: A value that is the result ofia\transformation.

3.102  XOR: Exclusive OR logical operator.

4 Abbreviations and symbols

4.1 Abbreviations

For the purposes of this Recommeridation | International Standard, the following abbreviations apply.

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

ICC International Colour Consortium

ICT Irreversible Component Transform

IEC International Electrotechnical Commission
ISO International Organization for Standardization

ITTF Information Technology Task Force

ITU International Telecommunication Union

I1TU-1 International Ielecommunication Union — Ielecommunication dtandardization >ector (Lormerly
the CCITT)

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

JURA JPEG Utilities Registration Authority
ID-DWT One-dimensional Discrete Wavelet Transformation
FDWT  Forward Discrete Wavelet Transformation

IDWT Inverse Discrete Wavelet Transformation
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LSB Least Significant Bit

MSB Most Significant Bit

PCS Profile Connection Space

RCT Reversible Component Transform

ROI Region Of Interest

SNR Signal-to-Noise Ratio

UCSsS Universal Character Set

URI Uniform Resource Identifier
URL Uniform Resource Locator
UTF-8  UCS Transformation Format 8
UUID Universal Unique Identifier
XML Extensible Markup Language
W3C World-Wide Web Consortium

4.2 Symbols

For the purposes of this Recommendation | International Standard, the following symbols‘apply.

0x-—--  Denotes a hexadecimal number

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

€ Exponent of the quantization value for a sub-band defined in QCD and QCC

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

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

Np Number of decomposition levels as defined iy COD and COC

Ry, 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 codestrganrmarker

PLM  Packet length,.main header marker

PLT Packetdength, 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

RGEN—Regionr-of-mterest 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
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5 General description

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

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

Thug, the sophisticated features of this Recommendation | International Standard allow a single codestreand t9-be|used
efficjently by a number of applications. The largest image source devices can provide a codestream -that is dasily
procgssed for the smallest image display device, for example.

In ggneral, this Recommendation | International Standard deals with three domains: spatial (samples), transfofmed
(coefficients), and compressed image data. Some entities (e.g., tile-component) have meaning)in all three donfains.
Othgr entities (e.g., code-block or packet) have meaning in only one domain (e.g., transfermed or compressed ifnage
datafrespectively). The splitting of an entity into other entities in the same domain (e.g.,£omponent to tile-compornents)
is defcribed separately for each of the domains.

5.1 Purpose

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

—  Encoder: An embodiment of an encoding process. An €ncoder takes as input digital source image| data
and parameter specifications, and by means of a set of\procedures generates as output a codestream.

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

—  Codestream syntax: A representation;«\oP the compressed image data that includes all parageter
specifications required by the decoding process.

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

5.2 Codestream

The fodestream is a linear streamr 0f/bits from the first bit to the last bit. For convenience, it can be divided into ($-bit)
bytes, starting with the first bit 0f'the codestream, with the "earlier" bit in a byte viewed as the most significant pit of
the Byte when given e.g., @ hexadecimal representation. This byte stream may be divided into groups of consective
bytes. The hexadecimal value representation is sometimes implicitly assumed in the text when describing bytes or group
of bytes that do not haved "natural" numeric value representation.

53 Coding principles

The [main ‘procedures for this Recommendation | International Standard are shown in Figure 5-1. This showf the

decofding “order only. The compressed image data is already conceptually assigned to portions of the image [data.
Prockdutes are presented in the Annexes in the order of the dpr‘ndi‘ng process The coding process is summarized balow.

NOTE 1 — Annexes A through I are considered normative to this Recommendation | International Standard. Certain denoted
sub-clauses and notes and all examples are informative, however.

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

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

8 ITU-T Rec. T.800 (08/2002 E)
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The tile-components are decomposed into different decomposition levels using a wavelet transformation. These
decomposition levels contain a number of sub-bands populated with coefficients that describe the horizontal and
vertical spatial frequency characteristics of the original tile-components. The coefficients provide frequency information
about a local area, rather than across the entire image like the Fourier transformation. That is, a small number of
coefficients completely describe a single sample. A decomposition level is related to the next decomposition level by a
spatial factor of two. That is, each successive decomposition level of the sub-bands has approximately half the
horizontal and half the vertical resolution of the previous. Images of lower resolution than the original are generated by
decoding a selected subset of these sub-bands. (See Annex F.)

Although there are as many coefficients as there are samples, the information content tends to be concentrated in just a
few coefficients. Through quantization, the information content of a large number of small-magnitude coefficients is
further reduced (Annex E). Additional processing by the entropy coder reduces the number of bits required to represent
these_quantized coefficients, sometimes significantly compared to the original image. (See Annexes C, D, and B.)

—»> Codestream syntax (Annex A) >
I o
50
<
ROI £
(Annex H) E
Q
el
£ 5
= \ 4 \ 4 \ 4 =
E 2
3 <
) . . . el
O . Arithmetic Coefficient . . DC, comp. 2
—» D(a;‘ﬁln?;iegl)lg —> coding  —» bit modelling — Q(lrr?r?;?tg;n —> Tre(lzsrfgggl;t)lon_» transformation —» §
(Annex C) (Annex D) (Annex G) 2
g
[

—> File format (optional, Annex‘l) —»

T.800_F5-1

Figure 5-1 — Specifi¢ation block diagram

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

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

OTE 2 — Although thete is’ great flexibility in layering, the premise is that each successive layer contributes to a higher qpality
inage.

Sub-pand coefficiehts-at each resolution level are partitioned into rectangular areas called precincts. (See Annex B.
Packlets are a fundamental unit of the compressed codestream. A packet contains compressed image data from one fayer
of a|precinct of one resolution level of one tile-component. Packets provide another method for extracting a spatial

regign_ifidependently from the codestream. These packets are interleaved in the codestream using a few different
methodS) (See Annex B.)

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

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

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

ITU-T Rec. T.800 (08/2002 E) 9
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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 1.)

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

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

the original or reconstructed image.

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

—  These decomposition levels are made up of sub-bands of coefficients that describe the frequency

characteristics of local areas (rather than across the entire tile-component) of the tile-component.
—  The sub-bands 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 passes.

At tl
streal

An ¢
desc
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Stan
spec
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A dg
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—  Some of the coefficients can be coded first to provide a region of interest.

lis point the image data is fully converted to compressed image data. The procedures that reassemble’theq
m units into the codestream are the following:

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

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

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

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

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

Encoder requirements

ncoding process converts source image data to compressed image data. Annexes A, B, C, D, E, F, G, a
fibe the encoding process. All encoding processes aresspecified informatively.

lard, an encoder shall convert source image(data to compressed image data, that conform to the codestream sy
fied in Annex A.

Decoder requirements

coding process converts compressed image data to reconstructed image data. Annexes A through H describs
fy the decoding process.\All decoding processes are normative.

ard, a decoder-shall convert all, or specific parts of, any compressed image data that conform to the codes
x specified in,Annex A to a reconstructed image.

e is noermative or required implementation for the encoder or decoder. In some cases, the description
Cular fmplementation techniques for illustrative purposes only.

coder is an embodiment of the decoding process. In order to conform to this Recommendation | Internaional

e bit

ition

['ts.

rious

f the

nd H

ncoder is an embodiment of the encoding progess. In order to conform to this Recommendation | International

ntax

and

cam

use

7.1

codestream syntax requirements

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

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

10
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7.2 Optional file format requirements

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

8 Implementation requirements

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

ITU-T Rec. T.800 (08/2002 E) 11
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Annex A

Codestream syntax

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

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

This annex specifies the marker and marker segment syntax and semantics defined by this Recommendation |
International Standard. These markers and marker segments provide codestream information for this Recommendation |

futu
This

paraeter values of the syntax described in this annex are not intended to portray the capabilities required {

comj

Al

This
char

infofmation needed to achieve the features of this Recommendation | International_Standard and is not a file form

mini
Mai
of th
mark

Ever
mark
ISO

A m

segnpent the first two bytes after the marker shall be“an unsigned value that denotes the length in bytes of the m

segn
mark
decol

A.l.

Six

infomational. Delimiting markers and marker segments are used to frame the main and tile-part headers an

bit-s
mark
desc

info

A.l.
The

Intei:atlonal Standard. Further, this annex provides a marker and marker segment syntax that is designed to be uUs

marj:: segments ¢rovide specific offsets in the bit stream. Informational marker segments provide anc

specifications that include this Recommendation | International Standard as a normative reference.

Recommendation | International Standard does not include a definition of compliance or conformance.

pliant.

Markers, marker segments, and headers

Recommendation | International Standard uses markers and marker segments’ fo delimit and signa
icteristics of the source image and codestream. This set of markers and mmarker segments is the mit

mal file format is offered in Annex I.

e codestream. The tile-part headers are found at the beginning of‘each tile-part (see below). Some marker
er segments are restricted to only one of the two types of headers while others can be found in either.

y marker is two bytes long. The first byte consists of a single’OxFF byte. The second byte denotes the spq
er and can have any value in the range 0x01 to OXFE. Mang/of these markers are already used in ITU-T Rec. ]
[EC 10918-1 and ITU-T Rec. T.84 | ISO/IEC 10918-3 and'shall be regarded as reserved unless specifically usg

hrker segment includes a marker and associated parameters, called marker segment parameters. In every m

ent parameters (including the two bytes of this\length parameter but not the two bytes of the marker itself). W
er segment that is not specified in the Recommendation | International Standard appears in a codestrean
der shall use the length parameter to diseard the marker segment.

| Types of markers and marker segments

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

ream data. Fixed information marker segments give required information about the image. The location of
er segments, like delimiting marker and marker segments, is specified. Functional marker segments are us
fibe the coding functions used. In-bit-stream markers and marker segments are used for error resilience. Pd

ation.

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

marker and marker segment syntax uses the same construction as defined in ITU-T Rec. T.81 | ISO/IEC 10918}

kd in

The
o0 be

the
jimal
ht. A

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

and

cific
.81 |
d.

hrker
hrker
nen a
, the

, and
| the
hese
ed to
inter
llary

1.

The marker range 0xFF30 to OxFF3F is reserved by this Recommendation | International Standard 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, 0xFF01, OxFFFE, 0OxFFCO to OxFFDF Defined in ITU-T Rec. T.81 | ISO/IEC 10918-1
0xFFFO to 0xFFF6 Defined in ITU-T Rec. T.84 | ISO/IEC 10918-3
O0xFFF7 to 0xFFF8 Defined in ITU-T Rec. T.87 | ISO/IEC 14495-1
O0xFF4F to OxFF6F, 0xFF90 to 0xFF93 Defined in this Recommendation | International Standard
0xFF30 to OxFF3F Reserved for definition as markers only (no marker segments)
All other values reserved

A.l

A.l.

Each

cont

code

Thes
segn|

N
d

ra-uloc
S—Marker-and-marker-segment-and-codestrenmriles

Marker segments, and therefore the main and tile-part headers, are a multiple of 8§ bits (an¢” yte).
Further, the bit stream data between the headers and before the EOC marker (see A.4.4) are.padded to

also be aligned to a multiple of 8 bits.
All marker segments in a tile-part header apply only to the tile to which they belong.

All marker segments in the main header apply to the whole image unless specifically overriddgn by

markers or marker segments in a tile-part header.

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

h the

The marker segments shall correctly describe the image as represented-by the codestream. If truncgtion,

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 hedder. Exceptions are the delimiting marker
marker segments and the fixed information marker segnients.

All markers with the marker code between 0xFF30 and OxFF3F have no marker segment param
They shall be skipped by the decoder.

Some marker segments have values assigiied to groups of bits within a parameter. In some cases

bd, if

and

pters.

there

are bits, denoted by "x," that are not assigned a value for any field within a parameter. The codestream

shall contain a value of zero for all sgch bits. The decoder shall ignore these bits.

Key to graphical descriptions (informative)

OTE — The markers in the range 0xFF30 to OxFE3F may be used by future extensions. They may or may not be skipped by a
bcoder without ramification.

marker segment is described in“terms of its function, usage, and length. The function describes the informfation
hined in the marker segmenf. The usage describes the logical location and frequency of this marker segment i
stream. The length describes which parameters determine the length of the marker segment.

h the

e descriptions are followed by a figure that shows the order and relationship of the parameters in the mprker
ent. Figure A.1§hows an example of this type of figure. The marker segments are designated by the three-

etter

codel of the markér*associated with the marker segment. The parameter symbols have capital letter designgtions

foll

ed by the.marker's symbol in lower-case letters. A rectangle is used to indicate a parameter's location i

0 the

marKer segmént/The width of the rectangle is proportional to the number of bytes of the parameter. A shaded rectjngle
(diagonal §tripes) indicates that the parameter is of varying size. Two parameters with superscripts and a grey|

bet

en indicate a run of several of these parameters.

arca

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

| S T

Bmar Cmar Emar! Emar®

MAR | Lmar

Amar b—

I T.800_FA-1

Variable-size parameter

Figure A.1 — Example of the marker segment description figures
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The figure is followed by a list that describes the meaning of each parameter in the marker segment. If parameters are
repeated, the length and nature of the run of parameters is defined. As an example, in Figure A.1, the first rectangle
represents the marker with the symbol MAR. The second rectangle represents the length parameter. Parameters Amar,
Bmar, Cmar, and Dmar are 8-, 16-, 32-bit and variable length respectively. The notation Emar' implies that there are n
different parameters, Emar’, in a row.

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

Some marker segment parameters are described using the notation "Sxxx" and "SPxxx" (for a marker symbol, XXX).

The [Sxxx parameter selects befween many possible sfafes of the SPxxx parameter. According to this selectior, the
SPx3x parameter or parameter list is modified.
A2 Information in the marker segments
Tablp A.2 lists the markers specified in this Recommendation | International Standard. Table A.3 shews a list of Which
inforimation is provided by which marker and marker segments.
Table A.2 — List of markers and marker segments
Symbol Code Main header Tile-part header
Deljmiting markers and marker segments
Stallt of codestream SOC OxFE4F required? not allowed
Stallt of tile-part SOT 0xFF90 not allowed required
Stafft of data SOD 0xFF93 not allowed last marker
End of codestream EOC 0xFFD9 not allowed not allowed
Fixgd information marker segments
Imalge and tile size SIZ O0xFF51 required not allowed
Fur)ctional marker segments
Coding style default COD O0xFF52 required optional
Coding style component CcocC 0xFF53 optional optional
Region-of-interest RGN 0xFF5E optional optional
Qudntization default QCD O0xFF5C required optional
Qug4ntization component QCC 0xFF5D optional optional
Profression order changeb POC O0xFFSF optional optional
Poipter marker segments TLM OxFF55 optional not allowed
Tilg-part lengths PLM 0xFF57 optional not allowed
Packet length, main header PLT 0xFF58 not allowed optional
Packet length, tile-partlieader PPM 0xFF60 optional not allowed
Packed packet headers;main header® PPT 0xFF61 not allowed optional
Packed packet Jicaders, tile-part header® TLM 0xFF55 optional not allowed
In-bit-stream-markers and marker segments
Stait ofpacket SOP 0xFF91 not allowed not allowed in tjle-
T part.hea.clerZ optipnal
End of packet header EPH 0xFF92 optional inside | optional inside PPT
PPM marker marker segment or
segment in-bit stream
Informational marker segments
Component registration CRG 0xFF63 optional not allowed
Comment COM 0xFF64 optional optional
a)  "required" means the marker or marker segment shall be in this header; "optional" means it may be used.

b)  The POC marker segment is required if there are progression order changes.

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

14 ITU-T Rec. T.800 (08/2002 E)
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Table A.3 — Information in the marker segments

A3
Figul

lines

Figu
part

Information Marker segment

Capabilities
Image area size or reference grid size (height and width)
Tile size (height and width) SIZ
Number of components
Component precision
Component mapping to the reference grid (sub-sampling)
Tile index

SOT. TILM
Tile-part data length
Progression order
Number of layers COD
Multiple component transformation used
Coding style
Number of decomposition levels
Code-block size

COD, €OC
Code-block style
Wavelet transformation
Precinct size
Region-of-interest shift RGN
No quantization
Quantization derived QCD, QCC
Quantization expounded
Progression starting point
Progression ending point POC
Progression order default
Error resilience SOP
End of packet header EPH
Packet headers PPM, PPT
Packet lengths PLM, PLT
Component registration CRG
Optional information COM

Construction of the codestream

Fe A.2 shows the construction of the codestream. Figure A.3 shows the main header construction. All of the
show required marker segments. The following markers and marker segments are required to be in a spg
location: SOC, S1Z;SOT, SOD, and EOC. The dashed lines show optional or possibly not required marker segn
Fe A.4 showsithe construction of the first tile-part header in a given tile. Figure A.5 shows the construction of 4
header otlier than the first in a tile.

solid
cific
ents.

tile-
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Main header

SOC

main

SOT

Required as the first marker

Main header marker segments

Required at the beginning of each tile-part header

Tile-part header

Tile-part header

TO, TPO

SOD

!

bit stream

|

SOT

T1, TPO

SOD

!

bit stream

v

EOC

T.800_FA-2

N NN

Tile 0, tile-part 0 header marker segments

Required at the end of each tile-part header

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

Required as the last marker in the codestream

Figure A.2 — Construction of the codestream
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SOC Required as the first marker
SI1Z Required as the second marker segment
COD Required
¢ ———————— CcocC Optional; no more than one COC per component
QCD Required
¢ -———————-— QCC Optional; no more than one QCC per component
oy
g ¢ ———————— RGN Optional; no more than one RGN per component
=
g
‘2“ ¢ - ——————- POC Required in main or tile for any progression order changes
¢ ———————— PPM Optional; either PPM or PPT of.egdestream packet headers require
- -———————- TLM Optional
- -———————- PLM Optional
¢ ———————— CRG Optional
¢ ———————— COM Optional
T.800_FAS3
v

Figure-A.3 — Construction of the main header

ITU-T Rec. T.800 (08/2002 E)
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mn header (not ﬁrm\

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

SOT
«———————- POC
«———————~ PPT
()=~ PLT
2 CoM

\ 4

SOD

T.800_FA-5

Fignrp A5 — Construction of a non-first ﬁlp-pnrf header

SOT Required as the first marker segment of every tile-part header
¢ -———————- COD Optional; no more than one COD per tile
«-———————- CcoC Optional; no more than one COC per component
2 ¢ - QCD Optional; no more than one QCD per tile
o
]
= ' 1 1 paVaral
< \{\/\, Uyll\lllﬂl, U TIHUITC uidalilr UIiv \(\/\/ 1}\.«1 \./Ulll}JUll\./lll
G
@]
g
2 <¢-———————- RGN Optional; no more than one RGN per component
=
E
3 ¢ —————-——- POC Required if any progression order changes differerit.from main PO(
iz «-—-———-——- PPT Optional; either PPM or PPT or codestream packet headers require
¢ —————-——- PLT Optional
¢ —————-—- COM Optional
A\ 4
SOD Required as the lastmarker segment of every tile-part header
T.800_FA-4

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

Required if any progression order changes different from main PO(

Optional; either PPM or PPT or codestream packet headers required

Optional

Optional

Required as the last marker of every tile-part header

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.

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

used in a similar manner to denote this in the tile-part headers.

18 ITU-T Rec. T.800 (08/2002 E)
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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.

A4 Delimiting markers and marker segments

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

Ad4.]l Start of codestream (SOC)

Fung¢tion: Marks the beginning of a codestream specified in this Recommendation | International Standard,

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

Length: Fixed.
SOC:

Marker code.

Table A.4 — Start of codestream parameter values

Parameter

Size (bits)

Values

SOC

16

O0xFF4F

A4.2 Start of tile-part (SOT)

Fung¢tion: Marks the beginning of a tile-part, the index of its tilecand the index of its tile-part. The tile-parts of a given
tile dhall appear in order (see TPsot) in the codestream. Howeyer, 'tile-parts from other tiles may be interleaved ip the

codeptream. Therefore, the tile-parts from a given tile may net@ppear 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 SPT in
a codestream. There shall be only one SOT per tile-part.

Length: Fixed.

SOT

Lsot

Isot

Psot

TPsot
TNsot

Figure A.6 — Start of tile-part syntax

4
®
=]
S
-
>
)

SOT:  Marker code. Table A.5 shows the sizes and values of the symbol and parameters for start of tile-
part marker segment.

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

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

Psot: Length, in bytes, from the beginning of the first byte of this SOT marker segment of the tile-part to
tllC Clld Uf tllC data Uf t‘uat ti}C'Pdf‘l—,. rigl,uc A.l() D‘llUWb t}lib ahsluucut. Oll}y tllC labt ﬁlc-pal‘t l 1 the
codestream may contain a 0 for Psot. If the Psot is 0, this tile-part is assumed to contain all data
until the EOC marker.

TPsot: Tile-part index. There is a specific order required for decoding tile-parts; this index denotes the
order 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.
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Table A.S — Start of tile-part parameter values

Parameter Size (bits) Values
SOT 16 0xFF90
Lsot 16 10
Isot 16 0to 65534
Psot 32 0,0r 14 to (2*~ 1)
TPsot 8 0to 254
TNsot 8 Table A.6

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

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

A4.3 Start of data (SOD)

Fung¢tion: Indicates the beginning of bit stream data for the current tile-part. The SOD,'alSo indicates the end of 4
part header.

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

Length: Fixed.

A4,
Fungtion: Indicates the end of the codestream.
NOTE 1 — 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 markKer)in a codestream. There shall be one EOC per codestream.

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

Length: Fixed.

AS

SOD: Marker code

Table A.7 — Start of data parameter values

Parameter Size (bits) Values

SOD 16 0xFF93

| End of codestream (EOC)

EOG: )' Marker code

Table A.8 — End of codestream parameter values

tile-

q the
'here

data

Parameter Size (bits) Values

EOC 16 0xFFD9

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.

20
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Image and tile size (SI1Z)

ISO/IEC 15444-1:2004 (E)

Function: Provides information about the uncompressed image such as the width and height of the reference grid, the
width and height of the tiles, the number of components, component bit depth, and the separation of component samples

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

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

There shall be only one SIZ per codestream.

Length: Variable depending on the number of components.

SIZ | Lsiz | Rsiz Xsiz Ysiz XOsiz YOsiz XTsiz YTsiz
O ISR S O O
‘ ‘ Csiz |2 2|2 |2|2 2
XTOsiz YTOsiz SR AR
7.800,FA7
Figure A.7 — Image and tile size syntax

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

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

Lsiz = 38 + 3 - Csiz A-1)

Rsiz: Denotes capabilities that a decoder needs t0 properly decode the codestream.

Xsiz: Width of the reference grid.

Ysiz: Height of the reference grid.

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

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

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

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

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

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

Csiz: Number.of components in the image.

Ssiz': Precision (depth) in bits and sign of the ith component samples. The precision is the precision qf the
component samples before DC level shifting is performed (i.e., the precision of the orilginal
component samples before any processing is performed). If the component sample valuep are
signed, then the range of component sample values is —@siztl ANDOXTR)T < component sample Yalue
< QST ANDOTR-T 1 There is one occurrence of this parameter for each component. The prder
corresponds to the component's index, starting with zero.

XRsizT  Horizontal separation of a sample of 1th component with Tespect fo the reference grid. There is one
occurrence of this parameter for each component.

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

occurrence of this parameter for each component.

ITU-T Rec. T.800 (08/2002 E)
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Table A.9 — Image and tile size parameter values

Parameter Size (bits) Values
S1Z 16 0xFF51
Lsiz 16 41 to 49 190
Rsiz 16 Table A.10
Xsiz 32 1to (2*-1)
Ysiz 32 1to 22-1)

XOsiz 32 0to (27-2)
YOsiz 32 0to (2*2-2)
XTsiz 32 1to (22-1)
YTsiz 32 1to (2*-1)
XTOsiz 32 0to (2*2-2)
YTOsiz 32 0 to (2*2-2)
Csiz 16 1to 16384
Ssiz! 8 Table A.11
XRsiz' 8 1 to 258
YRsiz' 8 1 tg"255

Table A.10 — Capability Rsiz parameter

Value (bits)
Capability
MSB LSB

0000 0000 0000 0000 | Capabilities specified in this Recommendation | International Standard only
0000 0000 0000 0001 | Codestream restricted as described.forProfile 0 from Table A.45
0000 0000 0000 0010 | Codestream restricted as described for Profile 1 from Table A.45

All other values reserved

Table Ac1T — Component Ssiz parameter

Value (bits)
Component sample precision
MSB LSB
x000 0000 Cemponent sample bit depth = value + 1. From 1 bit deep through 38 bits deep respectively
to (counting the sign bit, if appropriate)”, R,
x010 0101

0XXX XXXX Component sample values are unsigned values

1XXX XKXXX Component sample values are signed values

All other values reserved

2 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.

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

When used in the main header, the COD marker segment parameter values are used for all tile-components that do not
have a corresponding COC marker segment in either the main or tile-part header. When used in the tile-part header it
overrides 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

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

Length: Variable depending on the value of Scod.

COD | Lcod SGcodZ/SPcod

Scod

T.800_FA-8

Figure A.8 — Coding style default syntax

COD: Marker code. Table A.12 shows the size and values of the symbol and(parameters for coding $tyle,
default marker segment.
Lecod:  Length of marker segment in bytes (not including the marker). JThe value of this paramefer is
determined by the following equation:
Leod = 12 fmaximum_precincts A-2)
13+ number_decomposition levelst/ Tser-defined precincts
where maximum_precincts and user-defin€d, precincts are indicated in the Scod parameteq and
number decomposition_levels are indicated in the SPcod parameter.
Scod:  Coding style for all components. Table*A.13 shows the value for the Scod parameter.
SGeod: Parameters for coding style designated in Scod. The parameters are independent of componenty and
are designated, in order from top’to bottom, in Table A.14. The coding style parameters withip the
SGcod field appear in the seguence shown in Figure A.9.
SPcod: Parameters for coding(style designated in Scod. The parameters relate to all components anfl are
designated, in order‘from top to bottom, in Table A.15. The coding style parameters withip the
SPcod field appearin the sequence shown in Figure A.9.
Table A.12 — Coding style default parameter values
Parameter Size (bits) Values
COD 16 0xFF52
Lcod 16 12 to 45
Scod 8 Table A.13
SGceod 32 Table A.14
SPeod vartable Table-AtS
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Table A.13 — Coding style parameter values for the Scod parameter

Value (bits)
Coding style
MSB LSB

XXXX XXXO0 Entropy coder, precincts with PPx = 15 and PPy = 15
XXXX Xxx1 Entropy coder with precincts defined below
XxXXX Xx0X No SOP marker segments used
XXXX XX1X SOP marker segments may be used
XXXX X0XX No EPH marker used
XXX 1xx EPH marker shall be used

All other values reserved

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

IParameters (in order) Size (bits) Values Meaning of SGeod values

Profpression order 8 Table A.16 Progression order

Nutpber of layers 16 1 to 65 535 Number of layers

Multiple component

. 8 Table A.17 Multiple component transformation usage
transformation

A| B |C|D|E|F|G|H[N

SGceod SPcod

» < »
» 4 »>

T.800_FA-9

A

Progression order

Number of layers

Multiple component transformation
Number of decomposition levels
Code-block width

Code-block height

Code-block style

: Transformation

I" through I"  Precinct size

TQTmoQw

Figure A.9 £ Coding style parameter diagram of the SGceod and SPcod parameters

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

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

I(;Iumber Of. 8 0to32 Number of decomposition levels, N;, Zero implies no transformatiop.
ecpmposition levels

Code-block-width 8 Table-A18——Code-block-width-exponent-offset-valuexech

Code-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

Precinct size variable Table A.21 | If Scod or Scoc = xxxx xxx0, this parameter is not presen; otherwise

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

24 ITU-T Rec. T.800 (08/2002 E)


https://standardsiso.com/api/?name=ffc91706795a3437d107efb1b365e756

ISO/IEC 15444-1:2004 (E)

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

Value (bits)
Progression order
MSB LSB

0000 0000 Layer-resolution level-component-position progression
0000 0001 Resolution level-layer-component-position progression
0000 0010 Resolution level-position-component-layer progression
0000 0011 Position-component-resolution level-layer progression

0000 0100 Component-position-resolution level-layer progression

All other values reserved

Table A.17 — Multiple component transformation for the SGeod parameters

Value (bits)
Multiple component transformation type
MSB LSB
0000 0000 No multiple component transformation specified
0000 0001 Component transformation used on components 0, 1, 2 for coding effici€ncy (see G.2). Irreversible

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

All other values reserved

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

Value (bits)
Code-block width and height
MSB LSB
xxxx 0000 Code-block width and height exponent offset value xcb = value + 2 or ycb = value + 2. The code-
to block width and height are limited:¥d powers of two with the minimum size being 2> and the maximpim
xxxx 1000 being 2'°. Further, the code-block size is restricted so that xcb + yeb < 12.
All other values reserved
Table A.19 — Code-block style for the SPcod and SPcoc parameters
Value (bits)
Code-block style
MSB LSB

XXXX KXKO No selective arithmetic coding bypass

XXX KKK L Selective arithmetic coding bypass

xxxx xx0x No reset of context probabilities on coding pass boundaries

XXXX XX1xX Reset context probabilities on coding pass boundaries

XxXXX X0xx No termination on each coding pass

XXXX X1XX Termination on each coding pass

XxXX 0XXX No vertically causal context

XXX XXX Vertically caunsal context

xxx0 XXXX No predictable termination

XXx1 XXXX Predictable termination

XX0X XXXX No segmentation symbols are used

XX1X XXXX Segmentation symbols are used

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

Value (bits)
Transformation type
MSB LSB
0000 0000 9-7 irreversible filter
0000 0001 5-3 reversible filter
All other values reserved

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

Value (bits)
Precinct size
MSB LSB

xxxx 0000 4 LSBs are the precinct width exponent, PPx = value. This value may only equal zero at the
to resolution level corresponding to the N;LL band.

xxxx 1111

0000 XXXX 4 MSBs are the precinct height exponent PPy = value. This value may onlysequal zero at the
to resolution level corresponding to the NV;LL band.

1111 xxXXX

A.6.2 Coding style component (COC)

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

cular

Usage: Main and first tile-part header of a given tile. Optional in both thesmain and tile-part headers. No more thap one

per gny given component may be present in either the main or tile-part headers. If there are multiple tile-parts in 4
and this marker segment is present, it shall be found only in the first.tile-part (TPsot = 0).

Wheh used in the main header, it overrides the main COD marker segment for the specific component. When us
the t{le-part header, it overrides the main COD, main COC,\and tile COD for the specific component. Thus, the org
precgdence is the following:

Tile-part COC > Tile-part COD > Main COC*™> Main COD
whete the "greater than" sign, >, means that the\greater overrides the lessor marker segment.

Length: Variable depending on the value ¢f Scoc.

COC | Lcoc

Ccoc
Scoc
SPcoc

T.800_FA-10
Figure A.10 — Coding style component syntax
COGC\\ Marker code. Table A.22 shows the size and values of the symbol and parameters for coding

component marker segment.

Lecoc:  Length of marker segment in bytes (not including the marker). The value of this paramef

tile,

ed in
er of

style

er is

determined by the following equation:

9 maximum_precincts AND Csiz < 257

10 maximum_precincts AND Csiz = 257

10 + number_decomposition_levels user—defined precincts AND Csiz < 257
11+ number_decomposition_levels user—defined precincts AND Csiz = 257

Lcoc =

(A-3)

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

number_decomposition_levels is indicated in the SPcoc parameter.

Ccoc:  The index of the component to which this marker segment relates. The components are indexed
2, etc.
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Scoc:  Coding style for this component. Table A.23 shows the value for each Scoc parameter.

SPcoc: Parameters for coding style designated in Scoc. The parameters are designated, in order from top to
bottom, in Table A.15. The coding style parameters within the SPcoc field appear in the sequence
shown in Figure A.11.

A|B|C|D
T.800_FA-11
A Number of decomposition levels
B Code-block width
C Code-block height
D Code-block style
E Transformation

Fithrough F* Precinct size

Figure A.11 — Coding style parameter diagram of the SPcoc parameters

Table A.22 — Coding style component parameter values

Parameter Size (bits) Values
cocC 16 0xFF53
Lcoc 16 9to 43
Ccoc 8 0 to 255; if Csiz < 257
16 0 to 16 383; Csiz =2 257
Scoc 8 Table A.23
SPcoc' variable Table A.15

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

Value (bits)
Coding style
MSB LSB
0000 0000 Entropy coder with maximum precinct values
PPx = PPy = 15
0000 000% Entropy coder with precinct values defined below
All other values reserved

A.6.3 Region of interest (RGN)

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

Usag
one

Whe
one

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

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

n used'in the tile-part header, the scaling value is valid only for one component in that tile. There may be at
RGN marker segment for each component in either the main or tile-part headers. The RGN marker segment

e for

most

for a

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

Length: Variable.

RGN

Lrgn

Figure A.12 — Region-of-interest syntax
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RGN: Marker code. Table A.24 shows the size and values of the symbol and parameter
region-of-interest marker segment.

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

s for

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

2, etc.
Srgn:  ROI style for the current ROI. Table A.25 shows the value for the Srgn parameter.
SPrgn: Parameter for ROI style designated in Srgn.

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

Parameter Size (bits) Values
RGN 16 OxFFSE
Lrgn 16 5t06
Crgn 8 0 to 255; if Csiz <257
16 0to 16 383; Csiz 2257
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

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

Parameters (in order) Size (bits) Values Meaning of SPrgn value
Imglicit ROI shift 8 0to 255 Binary shifting of ROI coefficients above the background
A.6.4 Quantization default (QCD)

Fun

ftion: Describes the quantization default used for compressing all components not defined by a QCC mprker

segngent. The parameter values can beteverridden for an individual component by a QCC marker segment in eithgr the

mair] or tile-part header.

Usage: Main and first tile-part-h¢ader of a given tile. Shall be one and only one in the main header. May be at most one
for 4l tile-part headers of a:tile. If there are multiple tile-parts for a tile, and this marker segment is present, it shgll be

foun|

Wheh used in the tilg*part header it overrides the main QCD and the main QCC for the specific component. Thu

orde

whet

28

1 only in the first tile-patt (TPsot = 0).

- of precederice-is the following:
Tilespatrt QCC > Tile-part QCD > Main QCC > Main QCD

e the, "greater than" sign, >, means that the greater overrides the lessor marker segment.

o]
O
o
—

e
o
o

Sqcd

T.800_FA-13

Figure A.13 — Quantization default syntax

, the

QCD: Marker code. Table A.27 shows the size and values of the symbol and parameters for quantization

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

determined by the following equation:

4+ 3 - number decomposition_levels
Lgcd = <5
5+ 6-number_decomposition_levels

no_quantization
scalar quantization derived
scalar_quantization expounded

(A-4)

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

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

there 1s not necessarily a correspondence with the number oI sub-bands present because the sub-bands can be truncateq with
no requirement to correct this marker segment.

Sqcd:
SPqcd:  Quantization step size value for the ith sub-band in the defined order (see F.3.1). "Fhe numbjer of

parameters is the same as the number of sub-bands in the tile-component with the<greatest number
of decomposition levels.

Quantization style for all components.

Table A.27 — Quantization default parameter values

Parameter Size (bits) Values
QCD 16 0xFF5C
Lqcd 16 4t0 197
Sqcd 8 Table A.28

SPgcd' variable Table A.28

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

Value (bits)

SPqcd or

Quantization style SPqcc size SSPqu N
MSB LSB (bits) Pqcc usgge
kxx0 0000 No quantization 8 Table A.29
kxx0 0001 Scalar derived (values'signalled for N;LL sub-band only). Use 16 Table A.30
Equation (E-5)
kxx0 0010 Scalar expounded-(values signalled for each sub-band). There are as 16 Table A.30

many step sizes'signalled as there are sub-bands

DO0x xxxX
to
[11x XXXX

Numbef of guard bits: 0 to 7

All other values reserved

Fable A.29< Reversible step size values for the SPqcd and SPqcc parameters (reversible transform only

Value (bits)
Reversible-step-size-values
MSB LSB
0000 Oxxx Exponent, €, of the reversible dynamic range signalled for each
to sub-band (see Equation (E-5))
1111 1xxx
All other values reserved
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Table A.30 — Quantization values for the SPqcd and SPqcc parameters (irreversible transformation only)

Value (bits)
Quantization step size values
MSB LSB

xxxx x000 0000 0000 Mantissa, |, of the quantization step size value (see Equation (E-3))
to
Xxxx x111 1111 1111

0000 0XXX XXXX XXXX Exponent, €, of the quantization step size value (see Equation (E-3))
to
1111 1xxXX XXXX XXXX

tion-ceomnonent (OCC)
r U 4

Fun¢tion: 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 thap one
per gny given component may be present in either the main or tile-part headers. If there are multiple tile-parts in g tile,
and this marker segment is present, it shall be found only in the first tile-part (TPsot = 0).

Optipnal in both the main and tile-part headers. When used in the main header, it overrides\he main QCD mhrker
segnpent for the specific component. When used in the tile-part header, it overrides the majn QCD, main QCC, anf tile
QCOD for the specific component. Thus, the order of precedence is the following:

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

Length: Variable depending on the number of quantized elements.

QCC | Lqce %

Figure A.14 — Quantization component syntax

Sqcc

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

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

5+ 3-number_decomposition_levels no_quantization AND Csiz < 257

6 scalar_quantization_derived AND Csiz < 257

_ J6+6-number: decomposition_levels  scalar_quantization_expounded AND Csiz <257 AS)
6+ 3 -number decomposition levels no_quantization AND Csiz = 257

7 scalar_quantization_derived AND Csiz = 257

7 #£6) number_decomposition_levels scalar_quantization expounded AND Csiz = 257

TS
|

Lqc

where number_decomposition_levels is defined in the COD and COC marker segments, and no_quantizgtion,

1 e e 1 - = | 1 e e PR . - h I IS 41 Q ‘-
SUATAT UM ZATTOTT " UCTTVUU,"UT /U ATdl —HUdIIMUZdUUIT CAPUUIITUCU TS S TEHATTCU T UTICT SULU P AT ATTITTTCT .

NOTE — The Lqcc can be used to determine how many step sizes are present in the marker segment. However, there is not
necessarily a correspondence with the number of sub-bands present because the sub-bands can be truncated with no
requirement to correct this marker segment.

Cqcec:  The index of the component to which this marker segment relates. The components are indexed 0, 1,
2, etc. (either 8 or 16 bits depending on Csiz value).

Sqce:  Quantization style for this component.

SPqcc:  Quantization value for each sub-band in the defined order (see F.3.1). The number of parameters is
the same as the number of sub-bands in the tile-component with the greatest number of
decomposition levels.
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Table A.31 — Quantization component parameter values

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

A.6.6___Progression order change (POC)

Fung¢tion: Describes the bounds and progression order for any progression order other than specified in (the
marler segments in the codestream.

Usage: Main and tile-part headers. At most one POC marker segment may appear in any header. However, s¢)
Fessions can be described with one POC marker segment. If a POC marker segment is used in.thé main head
overfides the progression order in the main and tile COD marker segments. If a POC is used to deSeribe the progre
of a|particular tile, a POC marker segment must appear in the first tile-part header of that tile.-Thus, the progre
- of a given tile is determined by the presence of the POC or the values of the COD ,in the following ord

prog

orde
prec¢dence:

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

wheie the "greater than" sign, >, means that the greater overrides the lessor markersegment.

In the case where a POC marker segment is used, the progression of every/packet in the codestream (or for that t

COD

veral
er, it
ksion
Ksion
er of

le of

the dodestream) shall be defined in one or more POC marker segments. Each progression order is described in only one

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

Length: Variable depending on the number of different progressionis.

B Y By A AT
POC Lpoc & 7 270 LYEpoc' SNz 2 7] LYEpoc" | & 7 &
203 sy i 2y =549
T.800_FA-15
Figure A\15 — Progression order change tile syntax
POC: Marker value. Table A.32 shows the size and values of the symbol and parameterp for
progression order change marker segment.
Lpoc: Léngth of marker segment in bytes (not including the marker). The value of this parame}er is
determined by the following equation:
2+ 7 -number progression_order change Csiz <257
Lpoc = ] . A-6)
2 +9-number_progression_order _change Csiz = 257
where the number progression_order changes is encoder defined.
RSpoc': Resolution level index (inclusive) for the start 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.

CSpoc': Component index (inclusive) for the start of a progression. The components are indexed 0, 1, 2,
etc. (either 8 or 16 bits depending on Csiz value). One value for each progression change in
this tile or tile-part. The number of progression changes can be derived from the length of the

marker segment.
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LYEpoc": 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.

REpoc': 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.

CEpoc": 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.

Ppoc: Progression order. Une value Tor each progression change in this tile or tile-part. 1he 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 O0xFF5F
Lpoc 16 9 to 65 535
RSpoc! 8 0 to 32
CSpoc’ 8 0 to 255; if Csiz < 257
16 0 to 16 383; Csiz > 257
LYEpoc' 16 11065 535
REpoc! 8 (R8poc' + 1) to 33
CEpoc! 8 (CSpac™ 1) to 255, 0; if Csiz < 257
16 (GSpec' + 1) to 16 384, 0; Csiz > 257
(0 is interpreted as 256)
Ppoc' 8 Table A.16
A7 Pointer marker segments

Poinfer marker segments either provide a length orpointer into the codestream.The TLM marker segment describgds the
length of the tile-parts. It has the same length information as the SOT marker segment. The PLM or PLT mhrker
segnpent 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:icaders removes the burden on the encoder of rewinding to store the information.

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

The [PLM or PLT marker segments are optional. The PLM marker segment is used in the main header and the|PLT
marKer segments ate’used in tile-part headers. The PLM and PLT marker segments describe the lengths of each packet
in thp codestream!

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

v

Tile-part marker

SOD Bit stream
segments

SOT

T.800_FA-16

Figure A.16 — Tile-part lengths

A1 Tile-part lengths (TLM)

Function: Describes the length of every tile-part in the codestream. Each tile-part's length is measured from the first
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 the TLM marker segment is the same as the value in the corresponding Psot in the SOT marker segment.
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Usage: Main header. Optional use in the main header only. There may be multiple TLM marker segments in the main

header.

Length: Variable depending on the number of tile-parts in the codestream.

TLM | Ltlm Ttm"} Ptlm! Tm™} Ptlm®

Ztlm
Stlm

T.800_FA-17

Figure A.17 — Tile part length syntax

ITU-T Rec. T.800 (08/2002 E)

TEMT Marker code. Table A.33 shows the size and values ol the symbol and parameters for the tlg-part
length marker segment.

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

4+ 2 -number of tile parts in marker segment ST=0AND SP=0
4+ 3-number of tile parts in marker segment ST= LAND SP=0
Lilm = 4+ 4 -number of tile parts in marker segment ST=2AND SP=0 A7)
4+ 4 -number of tile parts in marker segment ST=0AND SP=1
4+ 5-number of tile parts in marker segment(\ST=1AND SP=1
44 6 -number of tile parts in marker segment) ST=2AND SP=1
where number of tile-parts in_marker segment is the.aumber of tile-part lengths that are defoted
in this marker segment; ST and SP are signalled byStlnt parameter.

Ztlm:  Index of this marker segment relative to all other TLM marker segments present in the cyrrent
header. The sequence of (Ttlm', Ptlm') pairs from this marker segment is concatenated, in order of
increasing Ztlm, with the sequences of \pair§ 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 ip the
codestream.

Stlm: Size of the Ttlm and Ptlm parameters.

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

Ptlm":  Length, in bytes, from the beginning of the SOT marker of the ith tile-part to the end of tHe bit
stream data forthat tile-part. One value for every tile-part.

Table A.33 — Tile-part length parameter values
Parameter Size (bits) Values
TLM 16 OxFF55
Ltlm 16 6 to 65 535
Ztlm 8 0to 255
Stlm 8 Table A.34
T 01rST=0 tiles 1n order
8if ST=1 0to 254
16if ST=2 0to 65534
Ptlm' 16 if SP=0 14 to 65 535
32ifSP=1 14 to 2%~ 1)
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Table A.34 — Size parameters for Stim

A.7.2

Fun

Usag
optid

Leng

Value (bits)
Parameter size
MSB LSB
xx00 XXXX ST = 0; Ttlm parameter is 0 bits, only one tile-part per tile and the tiles are in
index order without omission or repetition
xx01 XXXX ST = 1; Ttlm parameter 8 bits
xx10 XxXXX ST = 2; Ttlm parameter 16 bits
X0XX XXXX SP = 0; Ptlm parameter 16 bits
X1XX XXXX SP = 1; Ptlm parameter 32 bits
All other values reserved

PLM:

Lplm:
Zplm:

Nplmi:

Iplm":

Packet length, main header (PLM)
ftion: A list of packet lengths in the tile-parts for every tile-part in order.

e: Main header. There may be multiple PLM marker segments. Both the PLM and PLT {marker segment
nal and can be used together or separately.

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

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

e

T.800_FA-18

PLM | Lplm

Zplm
Nplmi
Nplm"

v

Figure A.18 — Packets length, main‘header syntax

Marker code. Table A.35 shows the size and values of the symbol and parameters for the p
length, main header marker segment.

Length of marker segment in bytes (notiincluding the marker).

Index of this marker segment reldtive to all other PLM marker segments present in the cy
header. The sequence of (Nplh) Iplm') parameters from this marker segment is concatenatg
order of increasing Zplm, with the sequences of parameters from other marker segments. Th|
entry in the resulting list.contains the number of bytes and packet header pair for the kth tild
appearing in the codestream.

Every marker segment in this series shall end 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 ]
parametet after Zplm, but the continuation of the Iplm series from the last PLM marker segmen

Numberof bytes of Iplm information for the ith tile-part in the order found in the codestream.
velue-for each tile-part. If a codestream contains one, or more, tile-parts exceeding the limitatio
PEM markers, these markers shall not be used.

5 arc

hcket

rrent
d, in
e kth
-part

-, the
hrker
Nplm
.
One
ns of

ets in
n this

Length of the jth packet in the ith tile-part. If packet headers are stored with the packet, this I

NA DPPT <+l

ngth
lude

34
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the packet header length. One range of values for each tile-part. One value for each packet in the

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

Parameter Size (bits) Values
PLM 16 O0xFF57
Lplm 16 4 to 65 535
Zplm 8 0to 255
Nplm!' 8 0 to 255
Iplm” variable Table A.36

Table A.36 — Iplm, Ipit list of packetlengths

as necessary

1XXX XXXX
x000 0000
to
x111 1111

Parameters . . .
(in order) Size (bits) Values Meaning of Iplm or Iplt values
Packet length 8 bits repeated 0XXX XXXX Last 7 bits of packet length, terminate number”

Continue reading”
7 bits of packet length

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

These are not the last 7 bits that make up the packet length. Instead, these 7 bits are ajportion of those that make up the
packet length. The packet length has been broken into 7-bit segments which are.s€nt in order from the most signififant
segment to the least significant segment. Furthermore, the bits in the most significant segment are right justified to the pyte
boundary. For example, a packet length of 128 is signalled as 1000 0001 00000000, while a length of 512 is signallef as
1000 0100 0000 0000.

PLT:

Lplt;
Zpit:

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

] Packet length, tile-part header (PLT)

ftion: A list of packet lengths in the tile-part.

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

PLT | Lplt

E« Ipltt Iplt"

T.800_FA-19

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

e: Tile-part headers. There may be multiple PLT matker segments per tile. Both the PLM and PLT mprker
ents are optional and can be used together or separately. Shall appear in any tile-part header before the pafkets
e lengths are described herein.

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

Index of this marker segment relative to all other PLT marker segments present in the cirrent
header. The sequence of (Iplt') parameters from this marker segment is concatenated, in order of
increasing Zplt, with the sequences of parameters from other marker segments. Every mprker

Iplmi:

segment 1n this series shall end with a completed packet header length.

Length of the ith packet. If packet headers are stored with the packet, this length includes the packet
header. If packet headers are stored in PPM or PPT, this length does not include the packet header
lengths.
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Table A.37 — Packet length, tile-part headers parameter values

Parameter Size (bits) Values
PLT 16 OxFF58
Lplt 16 4 to 65 535
Zplt 8 0 to 255
Iplt variable Table A.36

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

Function: A collection of the packet headers from all tiles.

N

Usag
part

The
the 1
the b

If th
distr]
code]
befo
may

Leng

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

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

backet headers shall be in only one of three places within the codestream. If the PPM marker segiment is preseq
acket headers shall be found in the main header. In this case, the PPT marker segment and packets distribut]
it stream of the tile-parts are disallowed.

ere is no PPM marker segment then the packet headers can be distributed either, in )PPT marker segmen
buted in the codestream as defined in B.10. The packet headers shall not be in both'a PPT marker segment an|
stream for the same tile. If the packet headers are in PPT marker segments, they shall appear in a tile-part h
e the corresponding packet data appears (i.e., in the same tile-part header or, ong with a lower TPsot value).
be multiple PPT marker segments in a tile-part header.

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

N
PPM | Lppm g Tppm¥ [T mim\o\ ‘ Tppm"™ Tppm™™
ppm | & pp pp Nppm® pp p

Nppmi

T.800_FA-20

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

PPM: Marker code. Table A.38 shows the size and values of the symbol and parameters for the p4
packet headers, main headépmarker segment.

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

Zppm: Index of this markersegment relative to all other PPM marker segments present in the main he
The sequence. 6f (Nppm', Ippm') parameters from this marker segment is concatenated, in ord

the resulfing list contains the number of bytes and packet headers for the kth tile-part appeari
the codéstream.

Every marker segment in this series shall end with a completed packet header. However, the s
of-Ippm parameters described by the Nppm does not have to be complete in a given m|
segment. Therefore, it is possible that the next PPM marker segment will not have a N

Nppm'" Number of bytes of Ippm information for the ith tile-part in the order found in the codestream

value for each tile-part (not tile).

parameter after Zppm, but the continuation of the Ippm series from the last PPM marker segmenft.

tile-

t, all
ed in

ts or
d the
pader
[here

cked

hder.
er of

increasing Zppm, with the sequences of parameters from other marker segments. The kth enfry in

g in

eries
hrker

ppm

One
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Ippm”:  Packet header for every packet in order in the tile-part. The contents are exactly the packet header

which would have been distributed in the bit stream as described in B.10.
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Table A.38 — Packed packet headers, main header parameter values

ISO/IEC 15444-1:2004 (E)

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

Packed packet headers, tile-part header (PPT)

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

Usag

the 1

distr]

e: Tile-part headers. Shall appear in any tile-part header before the packets whose headers are describedherein.

The packet headers shall be in only one of three places within the codestream. If the PPM marker segment is preseijt, all
acket headers shall be found in the main header. In this case, the PPT marker segment and packets distributed in
the Hit stream of the tile-parts are disallowed.
If there is no PPM marker segment, then the packet headers can be distributed either in PRT marker segments or
buted in the codestream as defined in B.10. The packet headers shall not be in both a PPT marker segment anld the
codeptream for the same tile. If the packet headers are in PPT marker segments, they shall appear in a tile-part h¢ader
before the corresponding packet data appears (i.e., in the same tile-part header or ong€ Wwith a lower TPsot value). There
may [be multiple PPT marker segments in a tile-part header.
Length: Variable depending on the number of packets in each tile-part and theGize of the packet headers.
1= i \ n
PPT | Lppt 3 Ippt 0\ Ippt
I
T.800_FA-21
Figure A.21 — Packed packedheaders, tile-part header syntax

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

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

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

Ippt:  Packetheader for every packet in order in the tile-part. The component index, layer, and resoljition
level-are determined from the method of progression or POC marker segments. The contents are
exactly the packet header which would have been distributed in the bit stream as described in B}10.

Table A.39 — Packet header, tile-part headers parameter values
Parameter Size (bits) Values
PPT I OXFF61
Lppt 16 4 to 65 535
Zppt 8 0to 255
Ippt' variable packet headers
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A.8 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 in front of every packet. Shall not be used unless indicated that it is
allowed in the proper COD marker segment (see A.6.1). If PPM or PPT marker segments are used, then the SOP marker
segment may appear immediately before the packet data in the bit stream.

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

Length: Fixed.

SOP | Lsop | Nsop

T.800_FA-22
Figure A.22 — Start of packet syntax

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

Lsop:  Length of marker segment in bytes, not includingthe marker.

Nsop:  Packet sequence number. The first packetdn a coded tile is assigned the value zero. For ¢very
successive packet in this coded tile this numnber is incremented by one. When the maximum number
is reached, the number rolls over to zerQ:

Table A.40 — Start of packet parameter values

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

A.8.2 End of packet héader (EPH)

Fun¢tion: Indicates.the)end of the packet header for a given packet. This delimits the packet header in the bit stregm or
in the PPM or PRT\marker segments. This marker does not denote the beginning of packet data. If packet headets are
not ih-bit streani(i.e., PPM or PPT marker segments are used), this marker shall not be used in the bit stream.

Usage: Shall.be used if and only if indicated in the proper COD marker segment (see A.6.1). Appears immediately|after
a pagket header.

If EPH markers arc Tequired (Dy Signalling in the COD marker Segment, Ssee A.b. 1), each packet header il any given
tile-part shall be postpended with an EPH marker segment. If the packet headers are moved to a PPM or PPT marker
segments (see A.7.4 and A.7.5), then the EPH markers shall appear after the packet headers in the PPM or PPT marker
segments.
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Length: Fixed.

A9

EPH:

ISO/IEC 15444-1:2004 (E)

Marker code

Table A.41 — End of packet header parameter values

Parameter Size (bits) Values

EPH 16 0xFF92

Informational marker segments

Thes

A9.]

Fung¢tion: Allows specific registration of components with respect to each other. For coding pusposes the sampl|
components are considered to be located at reference grid points that are integer multiples~0f XRsiz and Y
(see A.5.1). However, this may be inappropriate for rendering the image. The CRG marker* segment describe]
"cenfre of mass" of each component's samples with respect to the separation. This marker/segment has no effe
decoding the codestream.

NOTE - This component registration offset is with respect to the image offset (XOsiz and-YOsiz) and the component sepa

(KRsiz! and YRsiz'). For example, the horizontal reference grid point for theé\left-most samples of component
XRsiz[ XOsiz | XRsizC 1. (Likewise for the vertical direction.) The horizontal offset.denoted in this marker segment is in ad
t

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

Length: Variable depending on the number of components.

TITarkeT SegIents are Strictty Tformation andare ot Tecessary for @ decoder. However; these Tmarker Segr
miglft assist a parser or decoder. More information about the source and characteristics of the image can be obtain
using a file format such as JP2 (see Annex I).

Component registration (CRG)

this offset.

CRG:

Lerg:
Xcrgi:

Yerg':

CRG | Lerg | Xerg' |erg! Xerg" | Yergh

T.800_FA-23

Figure A.23 —'Component registration syntax

Marker code. Table. A742 shows the size and values of the symbol and parameters fo
component registration marker segment.

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

Value of the-horizontal offset, in units of 1/65536 of the horizontal separation XRsiz', for tH
compofient. Thus, values range from 0/65536 (sample occupies its reference grid poin
XRsiz4(65535/65536) (just before the next sample's reference grid point). This value is repeate
eviery component.

Value of the vertical offset, in units of 1/65536 of the vertical separation YRsiz', for th
component. Thus, values range from 0/65536 (sample occupies its reference grid poinl
YRsiz¢(65535/65536) (just before the next sample's reference grid point). This value is repeate
every component.

1ents
bd by
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5 the
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c is
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e ith
() to
d for

e ith
() to
d for

Table A.42 — Component registration parameter values

Parameter Size (bits) Values
CRG 16 0xFF63
Lerg 16 6to 65 534
Xerg' 16 0 to 65 535
Yerg' 16 0 to 65 535
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A9.2

Comment (COM)

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

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

Length: Variable depending on the length of the message.

COM | Lcom | Rcom

Ccom!
Ccom”

T.800_FA-24

A.10

In ofder to promote ‘the wide inter-operability of JPEG 2000 codestream, codestream restrictions are introd
"Codestream Restrictions" have two profiles, Profile-0 and Profile-1. The case of "No Restrictions" me3
confprming to‘this' Recommendation | International Standard can be called Profile-2. Profile-0 and Profile-1 are de

COM.:

Lcom:

Rcom:

Ccom':

Codestream restrictions conforming to this Recommendation | International Standard

as folllows.

Maxjmun interchange will be achieved for codestreams corresponding to Profile-0, and medium interchang

Marker code. Table A.43 shows the size and values of the symbol and parameters for the com|

marker segment.

Figure A.24 — Comment syntax

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

Registration value of the marker segment.

Byte of unstructured data.

Table A.43 — Comment parameter values

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

Table A.44 — Registration values for the Rcom parameter

Values

Registration values

0

Géneral use (binary values)

1

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

All other values reserved

ot di to Profile-]
COd reames r\nﬁ‘popnn lng o Profile-1

Iment

ced.
Ining
fined

e for

40
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Table A.45 — Codestream restrictions

Restrictions Profile-0 Profile-1

SIZ marker segment

Profile indication Rsiz=1 Rsiz =2

Image size Xsiz, Ysiz <2°! Xsiz, Ysiz < 2°!

Tiles Tiles of a dimension 128 x 128: XTsiz / min(XRsiz, YRsiz') > 1024
YTsiz = XTsiz =128 XTsiz = YTsiz
or one tile for the whole image: or one tile for the whole image:
YTsiz + YTOsiz > Ysiz YTsiz + YTOsiz = Ysiz
XTsiz + XTOsiz > Xsiz XTsiz + XTOsiz > Xsiz

Image and tile origin XOsiz = YOsiz = XTOsiz = YTOsiz = 0 XOsiz, YOsiz, XTOsiz, YTOsiz,< 2%

RGN marker segment SPrgn < 37 SPrgn <37

Subt-sampling XRsiz' =1, 2, or 4 No restriction

YRsiz =1, 2, or 4

Code-blocks

Code-block size xcb =ycb =5 orxch =ych =6 xchb £6,ych £6
Code-block style SPcod, SPcoc = 00sp vtra No restriction
wherea=r=v=0,andt,p,s=0or 1
NOTE I -

t =1 for termination on each coding pass

p = 1 for predictive termination
s = 1 for segmentation symbols
Mapker locations
Packed headers (PPM, PPT) | Disallowed No restriction
COpP, COC, QCD, QCC Main header only No restriction
Suliset requirements
LL fesolution If one tile is used for whole image, For each tile in the image,
(Xsiz — XOsiz) / D(I) < (28 and Lx1 /D)) - tx0/D(i)] < 128 and
(Ysiz — YOsiz) / D(B< 128 where Lty1/D(i)] - Lty0o/D(i)] < 128 where

D(I) — 2numbeLof_decompositionﬁlevels D(I) — 2numberﬁofidecompositionilevels

in SPcod or in SPcod or
SPcoc, for I =eomponent 0 to 3 SPcoc, for I = component 0 to 3.

NOTE 2 - tx0, tx1, ty0 and ty1 are as defingd
by Equations (B-7) to (B-10).

o

Pargability If the POC marker is present, the POC marker No restriction
shall have RSPOCO = 0 and CSPOCO0 = 0.

NOTE 3 — Some compliant decoders might
decode only packets associated with the first
progression.

Tilg-parts Tile-parts with TPsot = 0 of every tile before No restriction
any tile-parts with TPsot > 0, Tile-parts Isot =0
to Isot = number_of tiles — 1, in sequential
order for all tile-parts with TPsot = 0

Pre¢inct size "Precinct size" defined by SPcod or SPcoc No restriction
(Tables A.15 and A.21) must be large enough
so there is only one precinct in all resolution
levels with dimension less than or equal to 128
by 128.

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

Image and compressed image data ordering

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

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

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

band!

s, and their divisions.
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Introduction to image data structure concepts

reference grid provides a mechanism for co-registering components and for defining subsets of the.reférence
the image area and tiles.

components consist of two-dimensional arrays of samples. Each component, ¢, has parameters XRsiz®, Y]
A.5.1) which define the mapping between component samples and the reference grid points. Every comp
le is associated with a reference grid point (though not vice versa). This mapping,induces a registratid
ponents with each other used for coding only.

component is divided into tiles corresponding to the tiling of the reference grid. These tile-components are d
bendently. Each tile-component is wavelet transformed into several decompesition levels which are relat
ution levels (see Annex F). Each resolution level consists of either the~HL, LH, and HH sub-bands from
mposition level or the NV;LL sub-band. Thus, there is one more resolution level than there are decomposition lg

sub-band has its own origin. The sub-band boundary conditions ate'unique for each HL, LH, and HH sub-ban
OTE — This convention differs from the usual wavelet diagrams whichplace all sub-bands for a component in a single spa|

ncts and code-blocks are defined at the resolution levelcand sub-band. Consequently they can vary over
bonents. Precincts are defined so that code-blocks fit neatly,'1.e., they "line up" with each other.

e accompanying figures, boundaries and coordinate“axes are shown. In each case, the samples or coeffid
ident with the left and upper boundaries are ineluded in a given region, while samples or coefficients alon
and/or lower boundaries are not included in thabregion.

in the accompanying formulae, many_.of the variables have values that can change as a function of compo
or resolution level. These values may,change explicitly (through syntax described in Annex A) or impl
ugh propagation). For convenience of notation, some dependencies are suppressed in the discussion that follow

Component mappiung,to the reference grid

omponents (and many-other structures in this annex) are defined with respect to the reference grid. The va
meters defining the réference grid appear in Figure B.1. The reference grid is a rectangular grid of points wit]
es from (0, 0) to\(Xsiz—1, Ysiz—1). An "image area" is defined on the reference grid by the dimens

and reference~grid point at location (XOsiz, YOsiz), and its lower right hand reference grid point at loc]
r— 1, Ysizo/1).

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

grid,

Rsiz’
nent
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vels.

.
Ce

tile-

ients
b the

nent,
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tes—aretocated Teference gridpoimntsthat—are—at mteger muitiptes of XRsiz —and coturmr sampies—are 1o

Cated

reference grid points that are at integer multiples of YRsiz®. Only those samples which fall within the image area
actually belong to the image component. Thus, the samples of component ¢ are mapped to rectangle having upper left
hand sample with coordinates (xo, yo) and lower right hand sample with coordinates (x; — 1, y; — 1), where:
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Xsiz

<
&

XOsiz
0,00 <«

(Xsiz— 1, 0)

YOsiz

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

(XOsiz,
YOsiz)

Ysiz

Image area

y (Xsiz— 1, Ysiz— 1)
T.800_FB-1

0, Ysiz— 1)

Figure B.1 — Reference grid diagram

XOsiz Xsiz YOsiz Ysiz
S e L R AU 2 |[ON = . c
XRsiz XRsiz YRsiz YRsiz

, the dimensions of component ¢ are given by:

(width, height) = (xl = X0, V1 — yO)

bmponents.

pmain, that is included in the image area is also illustrated.

Reference grid
L g

barameters, Xsiz, Ysiz, XOsiz, YOsiz, XRsiz® and\¥Rsiz’ are all defined in the SIZ marker segment (see A.5.1)).
OTE 1 — The fact that all components share the image offset (XOsiz, YOsiz) and size (Xsiz, Ysiz) induces a registration

OTE 2 — Figure B.2 shows an example of\three components mapped to the reference grid. Figure B.3 shows the imag
om a particular image offset with different (XRsiz, YRsiz) values. The upper left sample coordinate, in the image comp

B-1)

B-2)

bf the

area
onent

® (XRsiz, YRsiz) = (1, 1)
(XRsiz, YRsiz) =(2,2)
O (XRsiz, YRsiz) = (3, 2)

Figure B.2 — Component sample locations on the reference grid for different XRsiz and YRsiz values
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0,0) _ Reference grid
H@_* f }?{ f | | % Image area: (XOsiz, YOsiz) = (3, 2)
e -¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ Upper left sample coordinate:

| | | | | | | | | | For (XRsiz, YRsiz) = (2, 2):
MRS N (S A B

| | | | | | | | | 3 2
AR SRR AR SR L1 ek
ﬁ——#——*—— ——*——4———%——4———*———@———*— For (XRsiz, YRsiz) = (3, 2):

I I I I I I | | | 37172
et

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

B.3 Image area division into tiles and tile-components
The feference grid is partitioned into a regular sized rectangular array of tiles. The tile size/and tiling offset are deffined,
on the reference grid, by dimensional pairs (XTsiz, YTsiz) and (XTOsiz, YTOsiz)s réspectively. These are all
parameters from the SIZ marker segment (see A.5.1).
Every tile is XTsiz reference grid points wide and YTsiz reference grid points high. ) The top left corner of the firgt tile
(tile |0) is offset from the top left corner of the reference grid by (XTOsiz, YL©Osiz). The tiles are numbered in faster
ordef. This is the tile index in the Isot parameter from the SOT marker segment in A.4.2. Thus, the first tile's uppdr left
coorflinates relative to the reference grid are (XTOsiz, YTOsiz). Figure Bi4shows this relationship.
XTOsiz
M XTsiz
N
S 1
S S
(XTOsiz, TO T1 T2 T3 T4 < Tile index
YTOsiz) number
X
; T5 T6 T7 T8 T9
T10 T11 T12 T13 T14
T15 T16 T17 T18 T19
T.800_FB-4

Figure B.4 — Tiling of the reference grid diagram

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

the following ranges:

0< XTOsiz £ XOsiz 0<YTOsiz<YOsiz

(B-3)

Also, the tile size plus the tile offset shall be greater than the image area offset. This ensures that the first tile (tile 0)
will contain at least one reference grid point from the image area. This is expressed by the following ranges:
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The number of tiles in the X direction (numXtiles) and the Y direction (numYtiles) is the following:

(B-5)

numXiiles — [stz — XTOSZZ—I

. Ysiz — YTOsiz
numYtiles = | —————
XTsiz

YTsiz

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

p = mod (t, numXtiles) q = IV#—‘ (B-6)

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

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

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

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

whete txo(p, q) and tyy(p, q) are the coordinates of the upper:eft corner of the tile, tx;(p, ¢) — 1 and ty1(p, g) — 1 ate the
coorflinates of the lower right corner of the tile. We will.often drop the tile's coordinates in referring to a specifif tile
and fefer to the coordinates (#xo, ty) and (£x;, H).

Thuq the dimensions of a tile in the reference grid-ate:

(tx1 — Ixg, O —Zyo) (B-ll)

WitHin the domain of image compenent i, the coordinates of the upper left hand sample are given by (¢cxy, tcy,) and the
coorflinates of the lower right hand'sample are given by (tcx; — 1, tcy; — 1), where:

(A t
fexg = [ 0 —‘ tfex) = [ i —‘ tfcyg = ’V 0 —‘ tey, = [ dl —l (B-12)
.1 .1 .1 .1
XRsiz XRsiz YRsiz YRsiz

so thiat the dimensions of the tile-component are:

(texy — texy, tey; — teyy) (B-13)

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

The following example is included to illustrate the mapping of image components to the reference grid and the area
induced by tiling across components with different sub-sampling factors. The example assumes an application in which
an original image with aspect ratio 16:9 is to be compressed with this Recommendation | International Standard.
Choices of the image size, image offset, tile size, and tile offset are used such that an image with aspect ratio 4:3 can be
cropped from the center of the original image. Figure B.5 shows the reference grid and image areas along with the tiling
structure that will be imposed in this example.
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All coordinates in this figureé‘dre in the component domain T.800_FB-5
Figure B.5 — Reference grid example
Let the reference grid size (Xsiz, Ysiz) be (1432,0954). In this example, the image will contain two compopents
(confponent indices will be represented by i = 0y4.). The sub-sampling factors XRsiz' and YRsiz' of the two compohents
with|respect to the reference grid will be XRsiz" = YRsiz’ = 1 and XRsiz' = YRsiz' = 2. The image offset is set fo be
(XOsiz, YOsiz) = (152, 234). Given theseparameters, the sizes of the two image components can be determined |from
Equdtion (B-1). The upper left cornetnof component 0 is found at (15211, T234/11) = (152, 234). The lower right

corn
1280
(76,

actud

The

offsd
Equs
cont.

Equs

117), while the lower right corner of that component is found at (1432/21-1,1954/21- 1) = (715, 476)
1 size of component {“iSitherefore 640 samples in width by 360 samples in height.

tion (B-5)niimXtiles = [1432/396 | = 4, numYtiles = [954/297| = 4. The tiled image components will therp

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

beu

adta rafar to tha caqian Foaliac (N 1 9 21 o d 4lg notats gy Uk W;l] be neadto-danaota that tha rac 1t 1o

a a
COtOTCTrCT Ot C—SCqut e O v araCSs— v 15 = O aat thCTotatrom VW ITT oS CO—tO— Gt OTC—trrat T ST oSttt oV

br of component 0 is found at (F1432/11-1,1954/11- 1) = (1431, 953). The actual size of component 0 is therpfore
samples in width by 720 samples in height. The upper left corner of component 1 is found at ( 152/2],[234/p

)=
The

iles are chosen t0 have an aspect ratio of 4:3. In this example, (XTsiz, YTsiz) will be set to (396, 297) and thg tile
ts (XTOsiz, YPOsiz) will be set to (0, 0). The number of tiles in the x and y directions are then determined [from

fore

in a totalof £ = 16 tiles, with tile grid indices p and ¢ in the range 0 < p, ¢ < 4. It is now possible to compute the

locations, ofthe tiles in each image component. To do so, the values of xy, x|, #9, and ty; are determined [from

will
alid

for all admissible values. The values of £xy are found as #x((0:3, *) = {152, 396, 792, 1188}, and the values of #x; are
given by £x(0:3, *) = {396, 792, 1188, 1432}. The values of ty, are tyy(*, 0:3) = {234, 297, 594, 891}, and the values of
tyy are ty(*, 0:3) = {297, 594, 891, 954}.
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Tiling for component 0. All coordinates in this figure are in the component domain T.800_H
Figure B.6 — Example tile sizes and locations for component 0

the values of #xy, tx, tyg, and ty; now known, the\locations and sizes of all tiles can be determined for each (

bonents. To do so, Equation (B-12) is used.(The relevant locations and sizes for component 0 are show
re B.6, while the same information is provided for component 1 in Figure B.7. Of particular interest ar
ior' tiles in the figures (tiles (1, 1), (1, 2);42, 1), and (2, 2)). These tiles are not limited in extent by the image
mponent 0, all of these tiles are the sameé size. This regularity is a result of the fact that the sub-sampling facto
Fomponent are (XRsiz’, YRsiz’) = (I, 1). However, in component 1, these tiles are not all the same size be
iz', YRsiz'") = (2, 2). Notice thattiles (1, 1) and (2, 1) are both of size 198 by 148, while tiles (1, 2) and (2, ]
of size 198 by 149. This allustrates that the number of samples in the interior tiles of a component can
nding upon the particulapcombination of tile size and component sub-sampling factors.

these choices of referénce grid, image offset, tile size, and tile offset, the coded image can be cropped direc
esired interior region. The four interior tiles from each component can be retained and will represent a crg
e of reference grid/size (792, 594). When such a cropping is performed, it will not be necessary to recode the
he values of Some of the reference grid parameters must change. The image offsets must be set to the coordinaf
ropping Jocations, so that (XOsiz’, YOsiz") = (396, 297) where (XOsiz’, YOsiz") are the image offsets o
ped image. Similarly, the image size must be adjusted to reflect the cropped size (Xsiz’, Ysiz") = (1188, 891) ¢
r’, Ysiz') are the sizes of the cropped reference grid. Finally, the tile offsets are no longer zero and instead my
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(XTOsiz’, YTOsiz") = (396, 297) where (XTOsiz’, YTOsiz") are the tile offsets of the cropped reference grid
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B.5

Figure B.7 — Example tile sizes andJdocations for component 1

Transformed tile-component division-into resolution levels and sub-bands

EacH tile-component is wavelet transformed with %V, decomposition levels as explained in Annex F. Thus, ther

Np+

1 distinct resolution levels, denoted » =.0,1,...,N;. The lowest resolution level, » = 0, is represented by the |

band. In general, a reduced resolution ver§ion of a tile-component with resolution level, 7, is the sub-band nLL, W
n = N; —r. This clause describes the dimensions of this reduced resolution.

The

left Band sample coordinates, (f7%y,)try,) and lower right hand sample coordinates, (zrx; — 1, try; — 1), where:

Ina
coor

N rcx _ tcyg _ texy _ tey;
rxg —(—2]\&_;' tryg = {—2]\&_;' trx; = {—ZNL—V tryl = —2NL_r (1

fimilar manhner, the tile coordinates may be mapped into any particular sub-band, b, yielding upper left hand sa

0,0) | | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
t } } (716, 117)
(76, 117) (198, 117) (396, 117) (594, 117)
L _122x32] 198 %321 198x321 _____ 122 X321 (716, 149)
(76, 149) (198, 149) :(396, 149) (594, 149)
|
|
:
|
T2 X 148 T98 X 1431 T98 X 143 127 X T48
|
:
|
| 4
I ) R - :
(76, 297) (198, 297) :(396, 297) (594, 297) b" (716, 297)
|
|
l o
| N
122 x 149 198 x 149! 198 x 149 (:’ 122 x 149
|
| P
. Z
|
|
|
R : \’ ___________
76, 446 198, 446 396, 446 594, 446 716, 446
( ) 122x31}( ) 198x31}( ) ,-s\\198x31}( ) 122x31) ¢ )
(76, 477) (198, 477) (396, 477) (594, 477) (716, 477)
Tiling for component 1. All coordinates in this figiire are in the component domain T.800_F§-7

e are
V; LL
here

piven tile-component's coordifiates with respect to the reference grid at a particular resolution level, 7, yield ypper

3-14)

mple

linates (bx,, tby,) and lower right hand sample coordinates (tbx; — 1, thy; — 1) where:
fexg—tp2=L o] eyt ]
thxy = thyy =
; T o
t —(Z”b_l- ) t —(2"1’_1- )
thx, = cx) xop, thy, = Y Yoy,
2}’lb 2}’lb

(B-15)

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

Sub-band X0y yoy
n,LL 0 0
npHL (horizontal high-pass) 1 0
n,LH (vertical high-pass) 0 1
n,HH 1 1

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

For each sub-band, these coordinates define tile boundaries in distinct sub-band domains. Furthermore, the width of
each[Sub-bamnd WithiT TS dOmain (at e CUITST deCOMpPOSITON [EVel) 15 ZiVen by 1hX] — IDXg, and te nergnt 1S givgn by
thy, 1- thyy.

B.6 Division of resolution levels into precincts

Congider a particular tile-component and resolution level whose bounding sample coordinates in theyreduced resoljition
imagde domain are (trxo, tryo) and (trx; — 1, try; — 1), as already described. Figure B.8 shows the¢partitioning of thif tile-
component resolution level into precincts. The precinct is anchored at location (0, 0), so that the Upper left hand cprner
of aly given precinct in the partition is located at integer multiples of (2%, 2") where, PPy and PPy are signallgd in
the COD or COC marker segments (see A.6.1 and A.6.2). PPx and PPy may be differentfor each tile-component and
resolution level. PPx and PPy must be at least 1 for all resolution levels except » = 0 where they are allowed to be zgro.

2PPX
00—
(trxg, tryg)
™
>
&
A KO K1 K2 K3
y
K4 K5 K6 K7
K8 K9 K10 K11
(rx) =1,y = 1)
T.800_FB8

Ficure B8 Preei ¢ lueed-resoluti

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

rxy | | trxg s > ¢ iy | | o S ¢
numprecinctswide =| | o PPx o PPx 1= %o numprecinctshigh= || o PPy > PPy Y=o (B-16)
0 trx; =trxg 0 try=tryg
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Even if Equation (B-16) indicates that both numprecinctswide and numprecinctshigh are nonzero, some, or all, precincts
may still be empty as explained below. The precinct index runs from 0 to numprecincts — 1 where numprecincts =
numprecinctswide * numprecinctshigh in raster order (see Figure B.8). This index is used in determining the order of
appearance, in the codestream, of packets corresponding to each precinct, as explained in B.12.

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

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

B.7

The
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Division of the sub-bands into code-blocks

kub-bands are partitioned into rectangular code-blocks for the purpose of coefficient modeling and coding) Thg
ch code-block is determined from two parameters, xch and ych, which are signalled in the COD or COC m
ents (see A.6.1 and A.6.2). The code-block size is the same from all resolution levels. However,pat’each resol
, the code-block size is bounded by the precinct size. The code-block size for each sub-band at a parti
ution level is determined as 2*” by 2 where:

b = min(xch, PPx —1), for r >0 a
~ U min(xch, PPx), for r =0

. (min(ycb, PPy —1), fof)> 0
yeb'= ( min(ych, PPy),forr =0 (

e equations reflect the fact that the code-block size is constrained both by the precinct size and the code-block
e parameters, xcb and ycb, are identical for all sub-bands in the tile-component. Like the precinct, the code-l
ion is anchored at (0, 0), as illustrated in Figure B.92Thus, all first rows of code-blocks in the code-block par]
cated at y = m2’” and all first columns of code-blocks are located at x = n2*”, where m and n are integers.

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

e coefficients lying within the sub-band are coded using the method described in Annex D. The first stripe coded usin
ethod corresponds to the first four rows of-sub-band coefficients in the code-block or as many of such rows as are present.
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Figure B.9 — Code-blocks and precincts in sub-band b from four different tiles
B.8 Layers
The pompressed image data of ¢ach code-block is distributed across one or more layers in the codestream. Each [ayer
consfsts of some number,of _consecutive bit-plane coding passes from each code-block in the tile, includinlg all
sub-bands of all components’for that tile. The number of coding passes in the layer may vary from code-block to ¢ode-
block and may be as Jittle’as zero for any or all code-blocks. The number of layers for the tile is signalled in the COD
marler segment (se€?A%6.1).
For g given codesblock, the first coding pass, if any, in layer z is the coding pass immediately following the last cqding
pass|for the @ode-block in layer n — 1, if any.
NOTE. 1% Each layer successively and monotonically improves the image quality.
Laye -
NOTE 2 - Figure B.10 shows an example of nine precincts of resolution level m. Table B.2 shows the layer formation.
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P.0 P.1 P2
Resolution level
" HL o, P.3 P 4 PS5
LH HH
Pm6 P.7 Pm8
A\ 4
P,0 P, 1 P2 P0 Pl P2
P, 3 P 4 P,5 P,3 P 4 P,5
P, 6 P, 7 P,.8 P,.6 P,.7 P,.8
T.800_FB-10

Figure B.10 — Diagram of precincts of one resolution{evel of one component

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

Resplution level 0 m Np
Precinct Py0 Pyl P,0 Pl P8 Pyi0 Pyl
Layer 0 Packet 0 | PacketO | ... ... | PacketO | PacketO | ... [ PacketO | .. | PacketO | Packet O
Layer 1 Packet 1 | Packet1 | .. ... [\Packet1 | Packetl | ... | Packet1l | ... | Packet1 | Packet1

The pasic building blocks of layers-are packets. Packets are created from the code-block compressed image data [from
the grecincts of different resolutientlevels (for a given tile-component).

B.9 Packets

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

As defined in<F.3'1, resolution level » = 0 contains the sub-band coefficients from the N;LL band, where N; is the
numbper of.decomposition levels. Each subsequent resolution level, » > 0, contains the sub-band coefficients froth the
nHL] nlZH,Yand nHH sub-bands, as defined in Annex F, where n = N; —r + 1. There are N; + 1 resolution levels [for a
tile-¢omponent with N; decomposition levels.

The compressed image data in a packet is ordered such that the contribution from the LL, HL, LH and HH sub-bands
appear in that order. This sub-band order is identical to the order defined in F.3.1. Within each sub-band, the code-block
contributions appear in raster order, confined to the bounds established by the relevant precinct. Resolution level » =0
contains only the NV;LL band and resolution levels » > 0 contain only the HL, LH and HH bands. Only those code-
blocks that contain samples from the relevant sub-band, confined to the precinct, have any representation in the packet.
NOTE 1 — Figure B.11 shows the organization of code-blocks within a precinct that form a packet. Table B.3 shows an example

of code-block coding passes that form packets. In Table B.3 the variables a, b, and ¢ are code-block coding passes where a =
significance propagation pass, b = magnitude refinement pass, and ¢ = cleanup pass (see Annex D).
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Figure B.11 — Diagram of code-blocks within precincts at'one resolution level

Table B.3 — Example of packet-formation

code-block 0 code-block 1 code-block 2 code-block 10 code-block 11

M3B c 0 0 c 0 packet 0

a 0 0 a 0

b 0 0 b 0

c c 0 c 0

a a 0 a 0 packet 1

b b 0 b 0

c c c c c

. . etc.
LB a a a a a

b
c c c c

Packlet data isNintroduced by a packet header whose syntax is described in B.10 and is followed by a packet pody
contginingthe actual code-bytes contributed by each of the relevant code-blocks. The order defined above is follpwed
in cqnstructing both the packet header and the packet body.

As describedmB-6; tcamrappem thata precmet contams mocode=blocks fronrany of thesub=bandsatsonmreresotution
level. When this occurs, all packets corresponding to that precinct must appear in the codestream as empty packets, in
accordance with the packet header described in B.10.

NOTE 2 — Even when a precinct contains relevant code-blocks, an encoder might choose to include no coding passes whatsoever
in the corresponding packet at a given layer. In this case, an empty packet must still appear in the codestream.
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B.10  Packet header information coding

The packets have headers with the following information:

—  Zero length packet;

—  Code-block inclusion;

—  Zero bit-plane information;
—  Number of coding passes;

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

Two items in the header are coded with a scheme called tag trees described below. The bits of the packet header are

pack

ed into a whole number of bytes with the bit-stuffing routine described in B.10.1.

The

mark
head
head

B.10{

Bits
head
the
pack
if thq

B.10{

A ta
succ
the

reprg
level

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

1 Bit-stuffing routine

are packed into bytes from the MSB to the LSB. Once a complete byte is assembled, it is\dppended to the p

er. If the value of the byte is OxFF, the next byte includes an extra zero bit stuffed into the MSB. Once all b
acket header have been assembled, the last byte is packed to the byte boundary and émitted. The last byte i

et header shall not be an OxFF value (thus the single zero bit stuffed after a byt€ with OxFF must be included
0xFF would otherwise have been the last byte).

2 Tag trees

pssively creates reduced resolution levels of this two-dimensional ‘array, forming a tree. At every node of thi
minimum integer of the (up to four) nodes below it is¢récorded. Figure B.12 shows an example of}
sentation. The notation, g;(m, n), is the value at the node that'is mth from the left and nth from the top, at tl
. Level 0 is the lowest level of the tag tree; it contains th¢@op node.

q5(

o tree is a way of representing a two-dimensional array of nen-negative integers in a hierarchical wdy.

PPT
main
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a) Original array of numbers, level 3 b) Minimum of four (or less) nodes, level 2

7,(0,0) q0(0, 0)

54

¢) Minimum of four (or less) nodes, level 1 d) Minimum of four (or less) nodes, level 0

T.800_FB-12

Figure B.12 — Example of a tag tree representation
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The elements of the array are traversed in raster order for coding. The coding is the answer to a series of questions.
Each node has an associated current value, which is initialized to zero (the minimum). A 0 bit in the tag tree means that
the minimum (or the value in the case of the highest level) is larger than the current value and a 1 bit means that the
minimum (or the value in the case of the highest level) is equal to the current value. For each contiguous 0 bit in the tag
tree the current value is incremented by one. Nodes at higher levels cannot be coded until lower level node values are
fixed (i.e, a 1 bit is coded). The top node on level 0 (the lowest level) is queried first. The next corresponding node on
level 1 is then queried, and so on.

Only the information needed for the current code-block is stored at the current point in the packet header. The decoding
of bits is halted when sufficient information has been obtained. Also, the hierarchical nature of the tag trees means that
the answers to many questions will have been formed when adjacent code-blocks and/or layers were coded. This
information is not coded again. Therefore, there is a causality to the information in packet headers.

OTE - For example, in Figure B.12, the coding for the number at ¢5(0, 0) would be 01111. The two bits, 01, imply that the top
de at go(0, 0) is greater than zero and is, in fact one. The third bit, 1, implies that the node at ¢,(0, 0) is also one. The fourth bit,
1} implies that the node at ¢,(0, 0) is also one. And the final bit, 1, implies that the target node at ¢3(0, 0) is also one, To dgcode
the next node ¢;(1, 0) the nodes at go(0, 0), ¢,(0, 0), and ¢,(0, 0) are already known. Thus, the bits coded are 001, the zerq says
that the node at ¢5(1, 0) is greater than 1, the second zero says it is greater than 2, and the one bit implies that the ‘value is 3| Now
that ¢5(0, 0) and g3(1, 0) are known, the code bits for ¢;(2, 0) will be 101. The first 1 indicates g,(1, 0) is gne+ The followihg 01
then indicates ¢3(2, 0) is 2. This process continues for the entire array in Figure B.12a.

B.10t3  Zero length packet

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

OTE - If a packet is marked as empty, then no code-blocks may contribute to the Gorresponding layer. If the next packet fis not
arked as empty, the code-block inclusion information (defined in B.10.4) for the previous layer with the empty bit set has|to be
ificluded. The code-block inclusion information for code-blocks which have net'yet been included in any packet is encoded jusing
altag tree whose entries are initialized with the layer number of the first layerto which the code-block contributes. Thus the tag
ee will have redundant information identifying whether or not the code<block contributes to both the current layer and the|layer
i which the packet was marked as empty.

B.10t4 Code-block inclusion

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

For ¢ode-blocks that have been included in a preivious packet, a single bit is used to represent the information, whefe a 1
meais that the code-block is included in this\layer and a 0 means that it is not.

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

B.10t5  Zero bitsplane information

If a fode-block s included for the first time, the packet header contains information identifying the actual number of
bit-p)
reprgsentation of coefﬁ01ents in any sub band b, is glven by Mb as defined in Equation (E-2). In general, howeve the
numbe 3 ) 2 3

51gn1ﬁcant bit planes P may vary from code block to code—block these missing bit-planes are all taken to be zero. The
value of P is coded in the packet header with a separate tag tree for every precinct, in the same manner as the code-
block inclusion information.

B.10.6 Number of coding passes

The number of coding passes included in this packet from each code-block is identified in the packet header using the
codewords shown in Table B.4. This table provides for the possibility of signalling up to 164 coding passes.
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Table B.4 — Codewords for the number of coding passes for each code-block
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whetle Lblock is a code-bloCk;state variable. A separate Lblock is used for each code-block in the precinct.

The
sign{

Number of coding passes Codeword in packet header
1 0
2 10
3 1100
4 1101
5 1110
6to 36 1111 0000 O
to
1111 1111 Q
37 to 164 1111 11111 0000 000
1111 llllt](_) 1111 111

OTE - Since the value of M, is limited to a maximum value of 37 by the constraints imposed by the syntax of the QCI
CC marker segments (see A.6.4, A.6.5, and Equation (E-4)), it is not possible for more than 109 coding passes to be emp
the code-block coding algorithm described in Annex D.

7 Length of the compressed image data from a given code-block

packet header identifies the number of bytes contributed by each included code-block. The sequence of
lly included for any given code-block must not end in a OxFF. Thus, in ‘the event that an OxFF would
pred at the end of a code-block's contribution to some packet, the OXxFF may be safely moved to the subse
et which contains contributions from the code-block, or dropped if there-is no such packet. The example cq

an OxFF.

OTE - This is, in fact, not a burdensome requirement, since OxFFs are’always synthesized as necessary by the arithmetic
escribed in Annex C.

onalling the number of bytes contributed by the code-block, there are two cases: the code-block contrib

word segments arise when a termination occurs between coding passes which are included in the packet, as s
bles D.8 and D.9.

7.1 Single codeword segment

deword segment is the number of bytés contributed to a packet by a code-block. The length of a codeword seg
presented by a binary number of length:

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

value of Lblock-s dnitially set to three. The number of bytes contributed by each code-block is precedd
1ling bits thatdncréase the value of Lblock, as needed. A signalling bit of zero indicates the current value of L

iss

incrdase, the number of bits used to signal the length of the code-block contribution can increase or decrease deper
on the number of coding passes included.

ficient. If there are k ones followed by a zero, the value of Lblock is incremented by k. While Lblock can

OTEN - For example, say that in successive layers a code-block has 6 bytes, 31 bytes, 44 bytes, and 134 bytes respect

ins a single codeword segment; or the code-block eontribution contains multiple codeword segments. Mulltiple

D and
loyed
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juent
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length calculation algorithm described in Annex D ensures that nooding pass will ever be considered as ending
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ition
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vely.

rther 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

= 6)9

0011111 (0 delimits, log, 9 = 3 bits for the 9 coding passes, 011111 =31), 11 0 101100 (110 adds two bits to Lblock, log, 2 =1,
101100 = 44), and 1 0 10000110 (10 adds one bit to Lblock, log, 5 =2, 10000110 = 134).

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

B.10

.7.2 Multiple codeword segments

Let T be the set of indices of terminated coding passes included for the code-block in the packet as indicated in
Tables D.8 and D.9. If the index final coding pass included in the packet is not a member of 7, then it is added to 7.
Let n; <...<ng be the indices in 7. K lengths are signalled consecutively with each length using the mechanism
described in B.10.7.1. The first length is the number of bytes from the start of the code-block's contribution in this
packet to the end of coding pass n;. The number of added coding passes for the purposes of Equation (B-19) is the
number of passes in the packet up through »;. The second length is the number of bytes from the end of coding pass, 7,
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to the end of coding pass, n,. The number of added coding passes for the purposes of Equation (B-19) is n, — n;. This
procedure is repeated for all K lengths.

NOTE - Consider the selective arithmetic coding bypass (see D.6). Say that the passes included in a packet for a given code-
block are the cleanup pass of bit-plane number 4 through the significance propagation pass of bit-plane number 6 (see
Table D.9). These passes are indexed as {0, 1, 2, 3, 4} and the lengths are given as {6, 31, 44, 134, 192} respectively. Then T'=
{0, 2, 3, 4} and K = 4 lengths are signalled. The set of lengths to be signalled is {6, 75, 134, 192} and the corresponding number
of coding passes that are added is {1, 2, 1, 1}. A valid code bit sequence is 11 1110 (Lblock increased to 8), 0000 0110
(logy1 =0, 8 bits used to code length of 6), 0 0100 1011 (log,2 = 1, 9 bits used to code the length of 75), 1000 0110 (log,1 =0, 8
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 laver, tile-component, resolution level
and precinct.

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

The |packet header may be immediately followed by the EPH marker as described in A.8.2. The EPH marker| may
appepr regardless of whether the packet contains any code-block contributions. In the event that the packet hg¢ader
appeprs in a PPM or PPT marker segment, the EPH masker (if used) must appear together with the packet header.

NOTE - Figure B.13 and Table B.5 show a brief example of packet header construction. Figure B.13 shows the infornjation
khown to the encoder. In particular the "inclusion information" shows the layer where each code-block first appears in a pjicket.
Tlhe decoder will receive this information via thelinclusion tag tree in several packet headers. Table B.S shows the resultifig bit
sfream (in part) from this information.
Inclusion information Zgro-bit-planes # of coding passes (layer 0) Length information (lay¢r 0)
D 0 2 3 4 7 3 2 - 4 4 s
D 1 1 3 3 6 - - - - - .
Inclusion tag tree Zero bit-planes tag tree # of coding passes (layer 1) Length information (lay¢r 1)
0 1 3 6 3 - - 10 - -
- 1 1 - 1 2
T.800_FB-13
0 3

Figure B.13 — Example of the information known to the encoder
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Table B.5 — Example packet header bit stream

Bit stream (in order)

Derived meaning

1

Packet non-zero in length

111 Code-block 0, 0 included for the first time (partial inclusion tag tree)
000111 Code-block 0, 0 insignificant for 3 bit-planes
1100 Code-block 0, 0 has 3 coding passes included
0 Code-block 0, 0 length indicator is unchanged
0100 Code-block 0, 0 has 4 bytes, 4 bits are used, 3 + floor(log, 3)
1 Code-block 1, 0 included for the first time (partial inclusion tag tree)
01 Code-block 1, 0 insignificant for 4 bit-planes
10 Code-block 1, 0 has 2 coding passes included
10 Code-block 1, 0 length indicator 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 legitimate entry, it is not minimal in code length.)
Code-block 2, 0 not yet included (partial tag tree)
Code-block 0, 1 not yet included
Code-block 1, 1 not yet included
Code-block 2, 1 not yet included (no data needed, already convéyed by partial tag tree for code-block 2, 0)
oee Packet header data for the other sub-bands, packet data
Packet for the next layer
1 Packet non-zero in length
1 Code-block 0, 0 included again
1100 Code-block 0, 0 has 3 coding passes included
0 Code-block 0, 0 length indicator is unchanged
1010 Code-block 0, 0 has 10 bytes, 3 + logs(8) bits used
0 Code-block 1, 0 not included in this layer
10 Code-block 2, 0 not yet included
0 Code-block 0, 1 not yet included
1 Code-block 1, 1 included for the first time
1 Code-block 1, leinsignificant for 3 bit-planes
0 Code-block-1}.Lhas 1 coding passes included
0 Code-block.T, 1 length information is unchanged
001 Codé-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, 3 + log, 1 bits used

Packet header data for the other sub-bands, packet data
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B.11 Tile and tile-parts

Each coded tile is represented by a sequence of packets. The rules governing the order that the packets of a tile appear
within the codestream is specified in 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.

The sequence of packets representing any particular tile may be divided into contiguous segments known as tile-parts.
Any number of packets (including zero) may be contained in a tile-part. Each tile must contain at least one tile-part. The
divisions between tile-parts must occur at packet boundaries. While tiles are coherent geometric areas, the tile-parts
may b\/ d;Dtl;but\/d thxuuéhuut t}l\/ bUd\/Dtl\aulll ;ll uuy dbbilbd faoh;uu, PlUV;d\/d t;}\/ IJCli.tD ﬁUlll t}l\/ oalrlirv t;}\/ aIJIJL/ﬂl g the
ordef that preserves the original packet sequence. Each tile-part commences with an SOT marker segment (see\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, tilelis presgrved.
For example, a legitimate codestream might have the following order:

—  Tile number 0, tile-part number 0;
—  Tile number 1, tile-part number 0;
—  Tile number 0, tile-part number 1;
—  Tile number 1, tile-part number 1;
- etc.

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

If ERPH markers are required (by signalling in the COD marker segnient, see A.6.1), each packet header in any given
tile-part shall postpended with an EPH marker segment (see A&2). If the packet headers are moved to a PPM or] PPT
marler segments (see A.7.4 and A.7.5), then the EPH markers,shall appear after the packet headers in the PPM or] PPT
marKer segments.

B.12 Progression order

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

It is|possible that components fhave a different number of resolution levels. In this case, the resolution level] that
corrgsponds to the NV;LL subsband is the first resolution level (» = 0) for all components. The indices are synchropized
from| that point on.
NOTE - For examplé~take the case of resolution level-position-component-layer progression and two components With 7
r¢solution levels (6 decomposition levels) and 3 resolution levels (2 decomposition levels) respectively. The » = 0 will correypond
t¢ the N;LL sub-band of both components. From » = 0 to » = 2 the components will be interleaved as described below. From|r =3
t¢ » = 6 only component 0 will have packets.

B.12l1 Progression order determination

The [COD 'marker segments signal which of the five progression orders are used (see A.6.1). The progression ordef can

l 1a + 1 141 4+la IrTAYal ] Vs AL (N o 421 ot Lo d A 1. £ 41 bl
alSo e overrraach—witn—the 1T Ot —marset Dbélll\zlll LU 73U U ILT auy uIivTpart mvauvl. Ul vavll Ul uiv })U;Dl €

progression orders the mechanism to determine the order in which packets are included is described below.
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B.12.1.1 Layer-resolution level-component-position progression

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

foreach/=0,..., L —1
for each r=0,..., N,ux
for each i =0,..., Csiz— 1
for each k= 0,..., numprecincts — 1

packet for component i, resolution level 7, layer /, and precinct 4.

Herd, Z1s the number of layers and IV,,,, 1s the maximum number ol decomposition levels, /Vz, used in any compgnent
of the tile. A progression of this type might be useful when low sample accuracy is most desirable, but information is
needed for all components.

B.1211.2 Resolution level-layer-component-position progression

Resdlution level-layer-component-position progression is defined as the interleaving of the packets in the following
ordef:

for each r=0,..., N,ux
foreach/=0,...,L -1
for each i =0,..., Csiz - 1
for each k=O0,..., numprecincts — 1
packet for component i, resolution level r, layér /4 and precinct k.

A prpgression of this type might be useful in providing low resolution'level versions of all image components.

B.1211.3 Resolution level-position-component-layer progression

Resqlution level-position-component-layer progression is.defined as the interleaving of the packets in the following
ordef:

foreach r=0,..., N4
for each y = tyy,..., ty; — 1,
for each x = tx,..., tx; <1}

for each i =0, Csiz -1

if ((vdivisible by YRsiz(i)- 2PP/ D NLD =7y OR (¢ = i) AND (tryo - 2207 No

diyisible by 272+ NLli)=r )

if ((x divisible by XRsiz(i) - 2PPr D+ N)=ry OR ((x = 1xy) AND (trx, - 2Vt @)= NoT

divisible by 277+ NL)=r )
for the next precinct, k, if one exists,

foreach/=0,..., L —1

Baclcatfor ant 7 racaliatioas 1741 lovar 1 oad 4 I
PO O COTHP O T TOSOTa O IOV O 7510 y O 7 anGprodmorTe

In the above, k can be obtained from:

Y
LRsiz(i)- oNL=r } try
PP,(r,i) a LPPy((i, i) (B-20)

x
fe |VXRSZ'Z(Z')'2NL_F—‘ | trxg
200

2PPX ) 2PPX o i)J + numprecinctswide(r, i)~
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To use this progression, XRsiz and YRsiz values must be powers of two for each component. A progression of this type
might be useful in providing low resolution level versions of all image components at a particular spatial location.

NOTE - The iteration of variables x and y in the above formulation is given for simplicity only of expression, not
implementation. Most of the (¥, y) pairs generated by this loop will generally result in the inclusion of no packets. More efficient
iterations can be found based upon the minimum of the dimensions of the various precincts, mapped into the reference grid. This
note also applies to the loops given for the following two progressions.

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

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

In th

for each y = tyy,..., ty; — 1,

for each x = tx,,..., tx; — 1,
for each i =0,..., Csiz— 1
for each = 0,..., N; where N, is the number of decomposition levels for component i,
if (v divisible by YRsiz(i) - 2P/ NLD =7y O (= 1yg) AND (g 2Ve () =7
divisible by 2PP )+ NL(i)=ry,

PP i)+ NL(D)=ry Op (& jv) AND (trxy - 22

if ((x divisible by XRsiz(i)
NOT divisible by 277X( 1)+ Np(i)=ry)
for the next precinct, £, if one exists, in the sequence ‘shown in Figure B.8
foreach/=0,...,L—1

packet for component i, resolution leviel 7 layer /, and precinct .

of two for each component. A progression of this type might, be useful in providing high sample accuracy

parti

Cular spatial location in all components.

B.1211.5 Component-position-resolution level-layer. progression

Com
ordef:

for eachi=0,..., Csiz— 1
for each y = tyy,..., ty; —l,
for each x = tx¢,..) tx; — 1,
for each.7 = 0,..., N, where N; is the number of decomposition levels for component i,
iF (v divisible by YRsiz(i) - 272D+ N =y OR (= 1y0) AND (17 - 2VE 0=
divisible by 2PPV(r 1)+ Ni(i)=r ),

if (e divisible by XRsiz(i) - 277D NO=7) OR (¢ = 1x) AND (i, - 2™
NOT divisible by 277X )+ N, (@) =ry)

for the next precinct, k, if one exists, in the sequence shown in Figure B.8

NOT

e above, k can be obtained from Equation (B-20). To use this¢progression, XRsiz and YRsiz values shall be pgwers

for a

ponent-position-resolution level-layer progression is defined as the interleaving of the packets in the following

NOT

foreach/=0,..,L -1

packet for component i, resolution level 7, layer /, and precinct 4.

In the above, k& can be obtained from Equation (B-20). A progression of this type might be useful in providing high
accuracy for a particular spatial location in a particular image component.
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B.12.2  Progression order volumes

The progression order default is signalled in the COD marker segment in the main header or tile headers (see A.6.1).
The progression loops of B.12.1 all go from zero to the maximum value.

If this progression order is to be changed, the POC marker segment is used (see A.6.6). In this case, the "for loops"
described in B.12.1 are limited by start points (CSpoc, RSpoc, Layer = 0, inclusive) and end points (CEpoc, REpoc and
LEpoc, exclusive). This creates a progression order volumne of packets. All the packets included in the entire
progression order volume are found in order in the codestream before the next progression order change takes effect. No
packet is ever repeated in the codestream. Therefore, the layer always starts with the next one for a given tile-
component, resolution level, and precinct. The decoder is required to determine the next layer.

Thus, 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

Z

OTE - Figure B.14 shows an example of two progression volumes for a single component image’-First packets are s¢nt in
solution level-layer-component-position progression until the box labeled "First" in the figure is complete; then packets arf sent
iff layer-resolution level-component-position progression for the layers of all resolution levels whiCh,were not previously seijt.

—

Resolution level

0,0) »
First
«
Second
>
A o
— """""""""""""
o v VvV N T
o W
G I
- 0o~ >
* >
v
T.800_FB-14

Eigure B.14 — Example of progression order volume in two dimensions

B.12L3  Progression order change signalling

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

If the POC marker segment is found in the main header, it overrides the progression found in the COD for all tiles. The
main header POC marker 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.
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If there are progression order changes signalled by POC marker segments (whether in the main header or the tile-part
headers), then all the order of all the packets in the codestream, or the affected tile-parts of the codestream shall be
described by progression order volumes in the POC marker segments. There will never be the case where a progression
order volume is filled and the next one is not defined. On the other hand, the POC marker segments may describe more
progression order volumes than exist in the codestream. Also, the last progression order volume in each tile may be
incomplete.

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

NOTE - For example, all of the progression order volumes can be described one POC marker segement in the first tile-part
i the first tile-parthead

a A na % eptable 1n th a d DINS WO Proore on ord olumes
er and one in the third, as shown in Figure B.15b.

POVI POV2 . POV2 cont. ce " pov3

Tile-part 0 Tile-part 1 Tile-part 2

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

G
pdC POVI POV2 | ... POV2 cont. ‘&\ eee | POC POV3
Tile-part 0 Tile-part 1 Tile-part 2
T.800|FB-15

b) Progression order volumes 1 and 2 are described in the POC marker segments in the first tile-part header,
progression order volume 3 described in the third tile-part header

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

Arithmetic entropy coding

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

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

C.1

Binary encoding (informative)

Figu|
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unit
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the s
inter
inter
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C.1.

The
valu

Fe C.1 shows a simple block diagram of the binary adaptive arithmetic encoder. The decision (D) and contekt

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

national Standard, CX is a label for a context.
D
CD
ox ENCODER [|—»
—»

T.800_FC-1

Figure C.1 — Arithmetic encoder inputs and.outputs

| Recursive interval subdivision (informative)

Fecursive probability interval subdivision of Elias coding is the-basis for the binary arithmetic coding process.
binary decision the current probability interval is subdivided into two sub-intervals, and the code string is moq
bcessary) so that it points to the base (the lower bound)of'the probability sub-interval assigned to the symbol #
rred.

e partitioning of the current interval into two sub-intervals, the sub-interval for the more probable symbol (MK
red above the sub-interval for the less probable symbol (LPS). Therefore, when the MPS is coded, the LPS
val is added to the code string. This coding;convention requires that symbols be recognized as either MPS or
r than 0 or 1. Consequently, the size of the LPS interval and the sense of the MPS for each decision must be ki
er to code that decision.

b the code string always pointsto-the base of the current interval, the decoding process is a matter of determi
ach decision, which sub-interyal is pointed to by the compressed image data. This is also done recursively,
ame interval sub-divisigiprocess as in the encoder. Each time a decision is decoded, the decoder subtract:
val the encoder added-to the code string. Therefore, the code string in the decoder is a pointer into the cy
val relative to the base'of the current interval. Since the coding process involves addition of binary fractions 1
concatenation ofiinteger code words, the more probable binary decisions can often be coded at a cost of muc}
one bit per decision.

?  Coding conventions and approximations (informative)

CX)

are processed together to produce compressed image data (CD) output. Both D and CX are provided by-the npodel

ption

With
ified
thich

S) is
sub-
PS,
lown

hing,
1sing

any
rrent
ather
less

oding‘operations are done using fixed precision integer arithmetic and using an integer representation of fractjional
s in’ which 0x8000 is equivalent to decimal 0,75. The interval A is kept in the range 0,75 < A < 1,5 by doubl|ng it

whenever the integer value falls below 0x8000.

The code register C is also doubled each time A is doubled. Periodically — to keep C from overflowing — a byte of
compressed image data is removed from the high order bits of the C-register and placed in an external compressed
image data buffer. Carry-over into the external buffer is prevented by a bit-stuffing procedure.
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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 (C-1

Qe * A = sub-interval for the LPS (C-2)

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

A — Qe = sub-interval for the MPS

C-3)

Whe
Whe
requ

With
sub-
valu
inve
MPS

Whe

Qe = sub-interval for the LPS

never the MPS is coded, the value of Qe is added to the code register and the interval is {teduced to A {

red for A is then restored, if necessary, by renormalization of both A and C.

the process illustrated above, the approximations in the interval subdivision proces§.can sometimes make thej

nterval larger than the MPS sub-interval. If, for example, the value of Qe is 0,5-and" A is at the minimum all
b of 0,75, the approximate scaling gives 1/3 of the interval to the MPS and>2/3 to the LPS. To avoid thig
sion, the MPS and LPS intervals are exchanged whenever the LPS interval is”larger than the MPS interval.
/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 proba

estimate for the context currently being coded. No explicit symbol counts are needed for the estimation. The rel

prob
whig
C.2

The
pass

hbilities of renormalization after coding an LPS or MPS provide an approximate symbol counting mechd
h is used to directly estimate the probabilities.

Description of the arithmetic encoder (informative)

ENCODER (Figure C.2) initializes the encoder~through the INITENC procedure. CX and D pairs are read
bd on to ENCODE until all pairs have beensread. The probability estimation procedures which provide ada)

estinpates of the probability for each context dre-imbedded in ENCODE. Bytes of compressed image data are o]

whet
1 bit
term

N
S

5 as possible and then outputs the final bytes. FLUSH also terminates the encoding and generates the req
Inating marker.

OTE — While FLUSH is required in FTU-T Rec. T.88 | ISO/IEC 14492, it is informative in this Recommendation | Interna|
tandard. Other methods, such 45 that defined in D.4.2, are acceptable.

C-4)

- Qe.

hever the LPS is coded, the code register is left unchanged and the interval is reduced to Qe The precision fange

LPS
wed
size
This

bility
ative
nism

and
ptive

itput

I necessary. When all of the CX and D.pairs have been read, FLUSH sets the contents of the C-register to as fnany

hired

ional
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ENCODER

INITENC

ENCODE

Finished?

Yes

FLUSH

Done

T.800_FC-2

Figure C.2 — Encoder for the MQ-coder

C.z2.1 Encoder code register-conventions (informative)

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

Table C.1 — Encoder register structures

MSB LSB
C-register 0000 cbbb bbbb bsss XXXX XXXX XXXX XXXX
Amg{emr 0000 0000 0000 0000 laaa aa3a Saaa 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 positions from which the completed bytes of the compressed image data are removed from the C-register. The
"c" bit is a carry bit. The detailed description of bit stuffing and the handling of carry-over will be given in a later part
of this annex.
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C.2.2 Encoding a decision (ENCODE) (informative)

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

ENCODE
No o Yes

CODE1 CODE(

a

Figure C.3 —- ENCODE procedure

T.800_RC'$

C.2.8 Encoding a 1 or a 0 (CODE1 and CODEO0) (informative)

Wheh a given binary decision is coded, one of two possibilities.6ccurs — the symbol is either the more probable symbol
or it[is the less probable symbol. CODE1 and CODEQO are illustrated in Figures C.4 and C.5. In these figures, CX {s the
contgxt. For each context, the index of the probability estimate which is to be used in the coding operations anfl the
MPSY value are stored. MPS(CX) is the sense (0 or 1) of the MPS for context CX.

CODE1
No Yes
4 4

CODELPS CODEMPS

b

T.800_FC-4

Done

[«

Figure C.4 — CODEL1 procedure
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C.2.

The
esti

No

<

CODELPS

CODE(

Yes

CODEMPS

T.800_FC-5

Done

Figure C.5 — CODEO procedure

| Encoding an MPS or LPS (CODEMPS and CODELPS) (informative)

CODELPS (Figure C.6) procedure usually consists of a scaling of’th¢”interval to Qe(I(CX)), the probapility
ate of the LPS determined from the index I stored for context CX. Fhe upper interval is first calculated so it cfin be

compared to the lower interval to confirm that Qe has the smaller size. It is always followed by a renormalizption
(REINORME). In the event that the interval sizes are inverted, however, the conditional MPS/LPS exchange occurf and
per interval is coded. In either case, the probability estimate is updated. If the SWITCH flag for the index I[((X) is
set, then the MPS(CX) is inverted. A new index I is saved@at-CX as determined from the next LPS index (NLPS)

the

colu

n in Table C.2.
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A=A - Qe(I(CX))

No

Yes

ISO/IEC 15444-1:2004 (E)

A = Qe(I(CX))

C = C + Qe(I(CX))

Yes

MPS(CX) = 1 — MPS(CX)

SWITCH(I(CX))
=19

A 4

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

v

RENORME

Done

T.800_FC-6

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 0
2 0x1801 0001 1000 0000 0001 0,140 650 3 0
3 0x0AC1 0000 1010 1100 0001 0,063 012 4 12 0
4 0x0521 0000 0101 0010 0001 0,030 053 5 29 0
5 0x0221 0000 0010 0010 0001 0,012 474 38 33 0
6 0x5601 0101 0110 0000 0001 0,503 937 7 6 1
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Table C.2 — Qe values and probability estimation (concluded)

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

0x5401 0101 0100 0000 0001 0,492 218 8 14 0

0x4801 0100 1000 0000 0001 0,421 904 9 14 0

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 0x1C01 0001 1100 0000 0001 0,164 088 13 20 0
13 0x1601 0001 0110 0000 0001 0,128 931 29 21 0
14 0x5601 0101 0110 0000 0001 0,503 937 15 14 1
15 0x5401 0101 0100 0000 0001 0,492 218 16 14 0
16 0x5101 0101 0001 0000 0001 0,474 640 17 15 0
17 0x4801 0100 1000 0000 0001 0,421 904 18 16 0
18 0x3801 0011 1000 0000 0001 0,328 153 19 17 0
19 0x3401 0011 0100 0000 0001 0,304 715 20 18 0
20 0x3001 0011 0000 0000 0001 0,281 277 21 19 0
21 0x2801 0010 1000 0000 0001 0,234 401 22 19 0
22 0x2401 0010 0100 0000 0001 0,210 964 23 20 0
23 0x2201 0010 0010 0000 0001 0,199 245 24 21 0
24 0x1C01 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 0428931 27 24 0
27 0x1401 0001 0100 0000 0001 05117 212 28 25 0
28 0x1201 0001 0010 0000 0001 0,105 493 29 26 0
29 0x1101 0001 0001 0000 0001 0,099 634 30 27 0
30 0x0ACl1 0000 1010 1100 0001 0,063 012 31 28 0
31 0x09C1 0000 1001 11000001 0,057 153 32 29 0
32 0x08A1 0000 1000.1010 0001 0,050 561 33 30 0
33 0x0521 0000 0101 0010 0001 0,030 053 34 31 0
34 0x0441 0000 0100 0100 0001 0,024 926 35 32 0
35 0x02A1 0000 0010 1010 0001 0,015 404 36 33 0
36 0x0221 0000 0010 0010 0001 0,012 474 37 34 0
37 0x0141 0000 0001 0100 0001 0,007 347 38 35 0
38 0x014-1 0000 0001 0001 0001 0,006 249 39 36 0
39 0x0085 0000 0000 1000 0101 0,003 044 40 37 0
40 0x0049 0000 0000 0100 1001 0,001 671 41 38 0
41 0x0025 0000 0000 0010 0101 0,000 847 42 39 0
42 0x0015 0000 0000 0001 0101 0,000 481 43 40 0
43 0x0009 0000 0000 0000 1001 0,000 206 44 41 0
44 0x0005 0000 0000 0000 0101 0,000 114 45 42 0
45 0x0001 0000 0000 0000 0001 0,000 023 45 43 0
46 0x5601 0101 0110 0000 0001 0,503 937 46 46 0

C.2.5  Probability estimation

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

The estimator can be defined as a finite-state machine — a table of Qe indexes and associated next states for each type of
renormalization (i.e., new table positions) — as shown in Table C.2. The change in state occurs only when the arithmetic
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coder interval register is renormalized. This is always done after coding the LPS, and whenever the interval register is
less than 0x8000 (0,75 in decimal notation) after coding the MPS.

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

CODEMPS

TAVVAVIaAvANN
7Y E2 S v =y )

No Yes

A AND 0x8000 = 0?

C=C + Qe(I(CX))

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

& ‘

1(CXY = NMPS(I(CX))

v

RENORME

Done

1.60U_FU-7
Figure C.7 —- CODEMPS procedure with conditional MPS/LPS exchange

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

The 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.
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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.

The RENORME procedure for the encoder renormalization is illustrated in Figure C.8. Both the interval register A and
the code register C are shifted, one bit at a time. The number of shifts is counted in the counter CT, and when CT is
counted down to zero, a byte of compressed image data is removed from C by the procedure BYTEOUT.
Renormalization continues until A is no longer less than 0x8000.

RENORME

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

Yes

BYTEOUT

N

Yes

A AND.0x8000 = 0?

T.800_FC-8

Kigure C.8 — Encoder renormalization procedure

C.2.f Compressed image data output (BYTEOUT) (informative)

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

Yes

The
left i

B is
chec

AV
TTCS

B=B+1

< B = 0xFF?

A 4

C =C AND 0x7FFFFEF?

A 4 y

BP=BP+1 BP=BP+1
B=C>>19 B=C>>20
C = C AND 0x7FFFF C =C AND 0xFFFF
CT=8 CT=7
T.800_FC-9
4
Done

Figure C.9 — BYTEOUT procedure for encoder

procedure ingthe block in the lower right section does bit stuffing after a OxFF byte; the similar procedure o
5 for the case where bit stuffing is not needed.

the byte pointed to by the compressed image data buffer pointer BP. If B is not a OxFF byte, the carry

h the

bit 1S

After

of B

ked. If the carry bit is set, it is added to B and B is again checked to see if a bit needs to be stuffed in the next

is removed from the code register "b" bits.

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

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

the fhct that there are three spacer bits in the register whichneed to be filled before the field from which the bytd
remdved is reached. BP always points to the byte preceding'the position BPST where the first byte is placed. Therd

if th

initigl settings for MPS and I are shown in Table D.Z,

C.2.
The

termjnating marker. The procedure guarantees that the OxFF prefix to the marker code overlaps the final bits d
comj

reéco

74

INITENC

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

CT=13

Done

T.800_FC-10

Figure C.10 — Initialization of the encoder

interval register and code register are set to their initial valuges, and the bit counter is set. Setting CT = 12 re

preceding byte is a OXFF byte, a spurious bit stuffavill occur, but can be compensated for by increasing CT

J Termination of coding (FLUSH) (informative)

FLUSH procedure shown in Figure C.)1 is used to terminate the encoding operations and generate the req

bnized and interpreted before-decoding is complete.

lects
S are
fore,

The

hired
f the

pressed image data. This guardntees that any marker code at the end of the compressed image data will be
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FLUSH

SETBITS

v

v

BYTEOUT

v

C=C<<CT

'

BYTEOUT

B = 0xFF?

No

BP=BP+1 Discard B

P | 7.800_FC-11

Done

Figure C.11 — FLUSH procedure

The firstpart 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 bit§of C

are forced to 1, and the result 1s compared to the upper bound. If C 1s too big, the leading 1-bit 1s removed, reducing C
to a value which is within the interval.
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SETBITS

TEMP=C+A
C = C OR OxFFFF

The
O0xFH

N
tl

C3
Figul

a coftext CX from the decoder's model unit (not shown) are input to the arithmetic decoder. The decoder's output

deciy

No
C>TEMPE?
Yes
C=C-0x8000
v
Done
T.800_FC-12

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

byte in the C-register is then completed by shifting C, and two'bytes are then removed. If the byte in buffer, B,
then it is discarded. Otherwise, buffer B is output to the.bitstream.

OTE - This is the only normative option for termination in\JTU-T Rec. T.88 | ISO/IEC 14492. However, further reduct
e bit stream is allowed in this Recommendation | Internatiénal Standard provided correct decoding is assured (see D.4.2).

Arithmetic decoding procedure

Fe C.13 shows a simple block diagram efia-binary adaptive arithmetic decoder. The compressed image data CI}

ion D. The encoder and decoder model units need to supply exactly the same context CX for each given decisi
CD
D
c DECODER ———»
X
—»

T.800_FC-13

Figure C.13 — Arithmetic decoder inputs and outputs

is an

on of

D and
s the
on.

The

ECODER (Figure C.14) initializes the decoder through INITDEC. Contexts, CX, and bytes of compressed i

age

data (as needed) are read and passed on to DECODE until all contexts have been read. The DECODE routine decodes
the binary decision D and returns a value of either 0 or 1. The probability estimation procedures which provide adaptive
estimates of the probability for each context are embedded in DECODE. When all contexts have been read, the
compressed image data has been decompressed.
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DECODER

INITDEC

Kead CX

'

D=DECODE

No

Done

T.800_FC-14

Figure C.14 — Decoder for the MQ-coder

C.3.1
The

Decoder code register conventions

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

aaaa aaaa

aaaa aaaa

A-register

Chigh and Clow &an‘be thought of as one 32-bit C-register in that renormalization of C shifts a bit of new data fromn the
MSH of Clow o the LSB of Chigh. However, the decoding comparisons use Chigh alone. New data is inserted intp the
"b" Bits of Clow one byte at a time.

The fletailed 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 clause assume precisions greater than 16 bits. Logical
comparisons can be used with 16-bit precision.

C3.2 Decoding a decision (DECODE)

The decoder decodes one binary decision at a time. After decoding the decision, the decoder subtracts any amount from
the compressed image data that the encoder added. The amount left in the compressed image data is the offset from the
base of the current interval to the sub-interval allocated to all binary decisions not yet decoded. In the first test in the
DECODE procedure illustrated in Figure C.15 the Chigh register is compared to the size of the LPS sub-interval.
Unless a conditional exchange is needed, this test determines whether a MPS or LPS is decoded. If Chigh is logically
greater than or equal to the LPS probability estimate Qe for the current index I stored at CX, then Chigh is decremented
by that amount. If A is not less than 0x8000, then the MPS sense stored at CX is used to set the decoded decision D.
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DECODE

A=A - Qe(I(CX))

N

Ni Y
° Chigh < Qe(I(CX))? h
¥
Chigh = Chigh — Qe(I(CX))
No
A AND 0x8000 = 0?
Yes
A A
D =MPS_EXCHANGE D = MPS(CX) D=LPS_EXCHANGE
RENORMD RENORMD
T.800_RC-15
A
Return D
Figure C.15 — Decoding an MPS or an LPS
Wheh a renotrmalization is needed, the MPS/LPS conditional exchange may have occurred. For the MPS path the
conditional‘exchange procedure is shown in Figure C.16. As long as the MPS sub-interval size A calculated as thq first
step jn-Figure C.16 is not logically less than the LPS probability estimate Qe(I(CX)), an MPS did occur and the dedision

can be set from MPS(CX). Then the mndex I(CX) 1s updated from the next MPS mdex (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.
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MPS_EXCHANGE

Yes

A < Qe(I(CX))?

D = MPS(CX) B
I(CX) = NMPS(I(CX)) D =1-MPS(CX)

For fhe LPS path of-the)decoder, the conditional exchange procedure is given the LPS EXCHANGE procedure s}

in F

detefmines if a“conditional exchange occurred. On both paths the new sub-interval A is set to Qe(I(CX)). On th

path
decis

Yes

SWITCH(I(CX)) = 1?

A 4

MPS(CX) = 1 - MPS(CX)

I(CX) = NLPS(I(CX)

T.800_FC-16

Return D

Figure C.16 — Decoder MPS path conditional exchange procedure

gure C.17. The same logical comparison between the MPS sub-interval A and the LPS sub-interval Qe(I(

the conditional exchange occurred so the decision and update are for the MPS case. On the right path, the
ion.and update are followed.

lown
CX))
b left
LPS
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Yes

LPS_EXCHANGE

A < Qe(I(CX))?

A = Qe(I(CX))
D = MPS(CX)
1(CX) = NMPS(I(CX))

C.3.

The
num
the H

A= Qe(I(CX))
D=1 - MPS(CX)

Yes
SWITCH(I(CX)) = 1?

MPS(CX) = 1 - MPS(CX)

A 4

I(CX) = NLPS(I(CX)

T.800_FC-17

Both

Return D

Figure C.17 — Decoder LPS path conditional exchange procedure

B Renormalization in the decoder (RENORMD)

th@interval register A and the code register C are shifted, one bit at a time, until A is no longer less than 0x80

RENORMD, procedure for the decoder renormalization is illustrated in Figure C.18. A counter keeps track g
per of compressed bits in the Clow section of the C-register. When CT is zero, a new byte is inserted into Cl
YTERN-procedure. The C-register in this procedure is the concatenation of the Chigh and Clow registers.

f the
W 1n

80
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RENORMD

No

v

BYTEIN

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

Yes

A AND 0x8000 = 0?

T.800_FC-18

Figure C:18 — Decoder renormalization procedure

C3.4 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 jmust
occu at the end of a ceding pass. The C-register in this procedure is the concatenation of the Chigh and Clow regisfers.
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BYTEIN

Bis
the n

If B

mark
the n
decol

If B
to th
Chig

C3.

The
show

N v BP=BP+1
0 BI > 0x8F? e C=C+(B<<8)
CT=8
A A
BP=BP+1 B
C=C+(B<<9) C_Cc:ltgngFOO
CT=7
\ 4
Done
T-800_FC-19

Figure C.19 — BYTEIN procedure for decoder

the byte pointed to by the compressed image data buffer pointer\BP. If B is not a O0xFF byte, BP is incremente
ew value of B is inserted into the high order 8 bits of Clow,

is a OXFF byte, then B1 (the byte pointed to by BP+1) is'tested. If B1 exceeds 0x8F, then B1 must be one d
er codes. The marker code is interpreted as required;-and the buffer pointer remains pointed to the OxFF pref
harker code which terminates the arithmetically compressed image data. 1-bits are then fed to the decoder unt
ding is complete. This is shown by adding OXFFQO to the C-register and setting the bit counter CT to 8.

is not a marker code, then BP is incremented to point to the next byte which contains a stuffed bit. The B is 4
e C-register with an alignment such that'the stuff bit (which contains any carry) is added to the low order |
h.

J Initialization of the decoder (INITDEC)

[INITDEC procedure is used-to start the arithmetic decoder. After MPS and I are initialized, the basic step|
n in Figure C.20.

| and

f the
ix of
1 the

dded
it of

S arc
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In sd

ISO/IEC 15444-1:2004 (E)

INITDEC

BP =BPST
C=B<<16

'

DY TEIN

v

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

Done

T.800_FC-20

Figure C.20 — Initialization of the decoder

of the compressed image data is shifted into the low order byte of Chigh, and a new byte is then read in

e of A. The interval register A is set to match the stagting value in the encoder. The initial settings for MPS
hown in Table D.7.

D Resetting arithmetic coding statistics

brtain points during the decoding some or;all of the arithmetic coding statistics are reset. This process inv

y Saving arithmetic coding statistics

me cases, the decoder needstg-save or restore some values of I(CX) and MPS(CX).

he pointer to the compressed image data, is initialized to BPST(pointing to the first compressed byte). The first

The

bister is then shifted by 7 bits and CT is decremented by 7y bringing the C-register into alignment with the stqrting

hnd 1

blves
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Annex D

Coefficient bit modeling

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

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

This
Cods

annex defines the modeling and scanning of transform coefficient bits.

blacks fcnn Annex D\ are decodeda bit n]qnn at a time otarting fraom tho maot C‘Iﬂhlpl‘ﬁhf bit ﬂ]qnn wath 2
i=]

non-

Zero
used|
calle
prov

D.1

Each
first
the g
each|
divis

an ¢x

D.2

D.2.
The

element to the least 51gn1ﬁcant bit-plane. For each bit-plane in a code-block, a spec1a1 code- block scan pattd
for each of three coding passes. Each coefficient bit in the bit-plane appears in only one of the three coding p|
d significance propagation, magnitude refinement, and cleanup. For each pass contexts are created,whic
ded to the arithmetic coder, CX, along with the bit stream, CD (see 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 d
column are scanned, followed by the first four coefficients of the second column afd so on, until the right si

column is scanned. The process is continued to the bottom of the code-bloek: If the code-block height i
ible by 4, the last set of coefficients scanned in each column will contain fewer than 4 members. Figure D.1 s

ample of the code-block scan pattern for a code-block.

Code-block 16 wide by N high

A
v

0| 4|8 |12]16 20|24 |28 |32 (36440 |44 |48 |52 |56 | 60

1 519 | 1317 (2125|2983 |37 |41 |45(49|53|57]61

2 16 [10]14 |18 |22 |26 |\30 |34 (38|42 |46 |50 |54 |58 |62

3|7 |11 |15]19 23 K27 |31 |35(39 (43|47 |51|55]59]|63

64

T.800_FD-1

Figure D.1 — Example scan pattern of a code-block bit-plane

Coefficient bits and significance

| General case notations

HecOding procedures specified in this annex produce for each transform coefficient (u, v) of sub-band b the deg

bits

n is
hsses
N are

f the
e of

ode-block is reached. The scan then returns to the left of the code-block and the-second set of four coefficients in

5 not
NOWS

oded

which will be used to reconstruct the transform coefficient value g,(u, v). The bits produced are: a sign bit s,

u, v)

and a number N,(u, v) of decoded magnitude MSBs, ordered from most to least significant: MSB«(b, u, v) is the ith MSB

of transform coefficient (u, v) of sub-band » (i =1, ...

, Np(u, v)). As indicated in Equation (D-1), the sign bit s,(u, v) has

a value of one for negative coefficients and of zero for positive coefficients. The number N,(u, v) of decoded MSBs
includes the number of all zero most significant bit-planes signalled in the packet header (see B.10.5).
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D.2.2 Notation in the case with ROI

In the case of the presence of the RGN marker segment (indicating the presence of an ROI), modifications need to be
made to the decoded bits, as well as the number of decoded bits N,(u, v). These modifications are specified in H.1. In
the absence of the RGN marker segment, no modification is required.

D.3 Decoding passes over the bit-planes

Each coefficient in a code-block has an associated binary state variable called its significance state. Significance states
are initialized to 0 (coefficient is insignificant) and may become 1 (coefficient is significant) during the course of the
decoding of the code-block. The "significance state" changes from insignificant to significant (see the clause below) at
the bit-plane where the most significant magnitude bit equal to 1 is found. The context vector for a given current
coefficient is the binarv vector (‘r\ncic‘ring of the Qigniﬁr‘nnmr- stateg of itg 8 nPanQf-nPighhnr coefficients as shown in
Figufe D.2. Any nearest neighbor lying outside the current coefficient's code-block is regarded as insignificant (ire it is
treatgd as having a zero significance state) for the purpose creating a context vector for decoding the current eoeffidient.

D, Vo D,

H, X H,

D, | vV, | D,

T.800_FD-2

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

In g¢neral, a current coefficient can have 256 possible context vectors. These are clustered into a smaller number of
contgxts according to the rules specified below for context. formation. Four different context formation rulep are
defijed, one for each of the four coding passes: significance coding, sign coding, magnitude refinement coding} and
cleafqup coding. These coding operations are performed in-three coding passes over each bit-plane: significance and sign
coding in a significance propagation pass, magnitude wefinement coding in a magnitude refinement pass, and cldanup
and §ign coding in a cleanup pass. For a given coding operation, the context label (or context) provided to the arithinetic
coding engine is a label assigned to the current coefficient's context.
NOTE — Although (for the sake of concretengss) specific integers are used in the tables below for labeling contexts, the tpkens

uked for context labels are implementationtdependent and their values are not mandated by this Recommendation | Internafional
Sgandard.

The first bit-plane within the currentyblock with a non-zero element has a cleanup pass only. The remaining bit-planes
are decoded in three coding passes: Each coefficient bit is decoded in exactly one of the three coding passes. Which
pass|a coefficient bit is decoded in depends on the conditions for that pass. In general, the significance propagation pass
inclydes the coefficients thatyare predicted, or "most likely", to become significant and their sign bits, as approptiate.
The jmagnitude refinement*pass includes bits from already significant coefficients. The cleanup pass includes all the
remdining coefficients,

D.3.] Significance propagation decoding pass

The pight surrounding neighbor coefficients of a current coefficient (shown in Figure D.2 where X denotes the cyrrent
coefficient)‘are used to create a context vector that maps into one of the 9 contexts shown in Table D.1. If a coefficient
is significant then it is given a 1 value for the creation of the context, otherwise it is given a 0 value. The mapping fo the
contexts also depends on the sub-band.
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Table D.1 — Contexts for the significance propagation and cleanup coding passes

LL and LH sub-bands HL sub-band HH sub-band Context
(vertical high-pass) (horizontal high-pass) (diagonally high-pass) label®
2 Hi 2V 2D D Hi 2V >.D; D (H+V;) DD
2 x° X X 2 X X >3 8
1 >1 X >1 1 X 21 2 7
1 0 21 0 1 =1 0 2 6
1 0 0 0 1 0 >2 1 5
2 X 2 0 X 1 ] 4
D 1 X 1 0 X 0 1 3
D 0 >2 0 0 22 >2 0 2
0 1 0 0 1 1 0 1
0 0 0 0 0 0 0 0
9 |Note that the context labels are indexed only for identification convenience in this Recommendation | Intefnational Standafd.
The actual identifiers used is a matter of implementation.
®  ["x" indicates a "don't care" state.

The
to bg
decol

bignificance propagation pass only includes bits of coefficients that were insignificant(the significance state hg

s yet

set) and have a non-zero context. All other coefficients are skipped. The centext is delivered to the arithinetic

der (along with the bit stream) and the decoded coefficient bit is returned:\If’the value of this bit is 1 the

sign

significance state remains 0. When the contexts of successive coefficientstand coding passes are considered, the
currgnt significance state for this coefficient is used.

D.3.

The fontext label for sign bit decoding is determined using anothier context vector from the neighborhood. Comput

of t

the Horizontal neighbors. The second step reduces those cefitributions to one of 5 context labels.

For

threg
with
1S nd
conti
code

icance state is set to 1 and the immediate next bit to be decoded is the sign bit for the coefficient. Otherwis

Sign bit decoding

context label can be viewed as a two-step process. The first step summarizes the contribution of the vertica

e first step, the two vertical neighbors (see Figure D.2) are considered together. Each neighbor may have o

0 the
e, the
most

tion
| and

he of

states: significant positive, significant negative, or insignificant. If the two vertical neighbors are both signifficant

the same sign, or if only one is significant,\then the vertical contribution is 1 if the sign is positive or —1 if thd
gative. If both vertical neighbors are-insignificant, or both are significant with different signs, then the ve|
ibution is 0. The horizontal contribution is created the same way. Once again, if the neighbors fall outsid
block they are considered to be ifisighificant. Table D.2 shows these contributions.

Table D.2 — Contributions of the vertical (and the horizontal) neighbors to the sign context

sign
rtical
e the

V0 (or HO) V1 (or H1) V (or H) contribution
significant, positive significant, positive 1
significant, negative significant, positive 0

insignificant significant, positive 1
significant, positive significant, negative 0
significant, negative significant, negative -1

insignificant significant, negative -1
significant, positive insignificant 1
significant, negative insignificant -1

insignificant insignificant 0

The second step reduces the nine permutations of the vertical and horizontal contributions into 5 context labels.
Table D.3 shows these context labels. This context is provided to the arithmetic decoder with the bit stream. The bit
returned, D (see Annex C), is then logically exclusive ORed with the XORbit in Table D.3 to produce the sign bit. The
following equation is used:
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where signbit is the sign bit of the current coefficient (a one bit indicates a negative coefficient, a zero bit a positive
coefficient), D is the value returned from the arithmetic decoder given the context label and the bit stream, and the
XORbit is found in Table D.3 for the current context label.

D.3.

The
just 1

The

neighbors. These are the states as currently known to the decoder, not the states used before the significance dec

pass
sign

The
coef]

D.3.

The
clear
a rur

Duri

Table D.3 — Sign contexts from the vertical and horizontal contributions

c?,?:;izl;)lilttizln ¢ o?lltizglclzilon Context label XORbit

1 1 13

1 0 12 0
1 ] 11 N
0 10 0
0 0 9 0
0 -1 10 1
-1 1 11 1
-1 0 12 1
-1 -1 13 1

Magnitude refinement pass

magnitude refinement pass includes the bits from coefficients that are already.-significant (except those that
ecome significant in the immediately preceding significance propagation pass).

context used is determined by the summation of the significance stdte of the horizontal, vertical, and diag

Further, it is dependent on whether this is the first refinement.bit{(the bit immediately after the significancs
bits) or not. Table D.4 shows the three contexts for this pass.

Table D.4 — Contexts for the magnitude refinement coding passes

zHi + zvi + zDi First-refinement for this coefficient Context label
x* false 16
>1 true 15
0 true 14
¥ "y"indicates a *don't care" state.

context is passed to the arithinetic coder along with the bit stream. The bit returned is the value of the cy
ficient in the current bit-plane.

] Cleanup pass

remaining coéffieients were previously insignificant and not handled by the significance propagation pass
up pass net.only uses the neighbor context, like that of the significance propagation pass, from Table D.1, bu
-length.context.

can powhave any value because the coefficients that were found to be significant in the significance propagation|

hg this'pass the neighbor contexts for the coefficients in this pass are recreated using Table D.1. The context

have

bonal
ding
and

rrent

The
also

label
pass

are considered to be significant in the cleanup pass. Run-lengths are decoded with a unique single context. If the four
contiguous coefficients in the column being scanned are all decoded in the cleanup pass and the context label for all is 0
(including context coefficients from previous magnitude, significance and cleanup passes), then the unique run-length
context is given to the arithmetic decoder along with the bit stream. If the symbol 0 is returned, then all four contiguous
coefficients in the column remain insignificant and are set to zero.

Otherwise, if the symbol 1 is returned, then at least one of the four contiguous coefficients in the column is significant.
The next two bits, returned with the UNIFORM context (index 46 in Table C.2), denote which coefficient from the top
of the column down is the first to be found significant. The two bits decoded with the UNIFORM context are decoded
MSB then LSB. That coefficient's sign bit is determined as described in D.3.2. The decoding of any remaining
coefficients continues in the manner described in D.3.1.
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If the four contiguous coefficients in a column are not all decoded in the cleanup pass or the context bin for any is non-
zero, then the coefficient bits are decoded with the context in Table D.1 as in the significance propagation pass. The
same contexts as the significance propagation are used here (the state is used as well as the model). Table D.5 shows the

logic for the cleanup pass.

Table D.5 — Run-length decoder for cleanup passes

Four contiguous
coefficients na . . . Symbols decoded Number of
column remaining | Symbols with run- Four contiguous bits to be s a) .
with UNIFORM coefficients to
to be decoded and length context decoded are zero
context decode
each currently has
he 0 context
true 0 true none nohe
true 1 false MSB LSB
skip to first coefficient sign 00 3
skip to second coefficient sign 01 2
skip to third coefficient sign 10 1
skip to fourth coefficient sign 11 0
false none X none rest of colump

a)

See Annex C.

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

D.3.3 Example of coding passes and significance propagation (informative)

Once agair], the

Tablg D.6 shows an example of the decoding order for the quantized coefficients of one 4-coefficient column ih the
scan| This example assumes all neighbors not included in the table are identically zero, and indicates in which pass|each
bit if decoded. The sign bit is decoded after the initial 1 bit and“1s indicated in the table by the + or — sign. The very first
pass|in a new block is always a cleanup pass because therecan be no predicted significant, or refinement bits. Aftgr the

first jpass, 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 coefficignt to

be d¢coded in the next significance pass.

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

Coding passes 10 1 3 -7 Coefficient value

+ + + - Coefficient sign
1 0 0 0 Coefficient
0 0 0 1 magnitude
1 0 1 1 (MSB to LSB)
0 1 1 1

Cleanup 1+ 0 0 0

Significance 0

Refinement 0

Cleanup 0 1-

Significance 0 1+

Refinement 1 1

Cleanup

Significance 1+

Refinement 0 1 1

Cleanup
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D.4 Initializing and terminating

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

Table D.7 — Initial states for all contexts

Context Initial index from Table C.3 MPS

UNIFORM 46 0

Run-length 0

All zero neighbors (context label 0 in Table D.1) 0

All pthereentexts o
In n¢rmal operation (not selective arithmetic coding bypass), the arithmetic coder shall be terminated either.at th¢ end
of every coding pass or only at the end of every code-block (see D.4.1). Table D.8 shows two examples, of'terminfation
pattgrns for the coding passes in a code-block. The COD or COC marker signals which terminatignspattern is Jused
(see |A.6.1 and A.6.2).

Table D.8 — Arithmetic coder termination patterns
Coding Operation Coding Operation Terminatipn
# Pass N
Termination only on last pass on every pass

1 cleanup Arithmetic Coder (AC) AC, terminate

2 significance propagation AC AC, terminate

2 magnitude refinement AC AC, terminate

2 cleanup AC AC, terminate

finall significance propagation AC AC, terminate

finall magnitude refinement AC AC, terminate

finall cleanup AC, terminate AC, terminate
When multiple terminations of the arithmetic coder are present, the length of each terminated segment is signalled in the

packgt header as described in B.10.7.
NOTE — Termination should never create.a byte aligned value between 0xFF90 and OxFFFF inclusive. These values are avajilable

D4.]1 Expected codestream/termination

The Hecoder anticipates that the given number of codestream bytes will decode a given number of coding passes b
the grithmetic coder is terminated. During decoding, bytes are pulled successively from the codestream until a
bytes for those coding-passes have been consumed. The number of bytes corresponding to the coding passes is speq
in the packet header).Often at that point there are more symbols to be decoded. Therefore, the decoder shall exten
inpuf bit stream tQ the arithmetic coder with OxFF bytes, as necessary, until all symbols have been decoded.

It is pufficient-to”append no more than two OxFF bytes. This will cause the arithmetic coder to have at least one p
conspcutive’OxFF bytes at its input which is interpreted as an end-of-stream marker (see C.3.4). The bit stream doe
actuglly-contain a terminating marker. However, the byte length is explicitly signalled enabling the terminating m

b 41 - 1 +] el — 1 1
tO S YHUITSIZTU TUT UIT al TUHITUC UTUTUUCT.

ap in-bit-stream marker values.

fore
| the
ified
(d the

ir of
S not
hrker

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 C.2.9). However, since the FLUSH procedure increases the length of the
codestream, and frequent termination may be desirable, other techniques may be employed. Any technique that places
all of the needed bytes in the codestream in such a way that the decoder need not backtrack to find the position at which
the next segment of the codestream should begin is acceptable.

When the predictable termination flag is set (see COD and COC in A.6.1 and A.6.2) the following termination
procedure shall be used. Using the notation of C.2, the followings steps can be used:

1) Identify the number of bits in code register, C, which must be pushed out through the byte buffer. This is

given by k=(11-CT) + 1.
2)  While (k > 0):

The

If th|
with
byte

D.4.]

—  shift Cleft by CT and set CT = 0.

register.
—  subtract CT from k.

This step shall be skipped if the byte in the byte buffer has an OXFF byte value.
Felevant truncation length in this case is simply the total number of bytes pushed out ortojthe codestream.

b predictable termination flag is not set, the last byte output by the above procedure can generally be mod
n certain bounds, without affecting the symbols to be decoded. It will sometimes be possible to augment th
to the special value, OxFF, which shall not be sent. It can be shown that this happens approximately 1/8 of the

B Length computation (informative)

To 1
the

encofder should calculate a suitable length such that corresponding<bytes are sufficient for the decoder to reconstru

codi

D.5

A s¢
(see

plan
errof]
the 4

plang.

N

D.6

This
refin

clude coding pass compressed image data into packets, the numbg€p of bytes to be included must be determin
ding pass compressed image data is terminated, the algorithm®in. the previous clause may be used. Otherwisg

g passes.

Error resilience segmentation symbol

lomentation symbol is a special symbol. Whether it is used is signalled in the COD or COC marker segi]
A.6.1 and A.6.2). The symbol is coded with the UNIFORM context of the arithmetic coder at the end of eacl
. The correct decoding of this symbol:confirms the correctness of the decoding of this bit-plane, which a
detection. At the decoder, a segmentation symbol 1010 or 0xA should be decoded at the end of each bit-plaj
nd of a cleanup pass). If the segméntation symbol is not decoded correctly, then bit errors occurred for thi

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

Selective arithmetic coding bypass

style of codingaltows bypassing the arithmetic coder for the significance propagation pass and magn
ement coding passes starting in the fifth significant bit-plane of the code-block. The COD or COC marker si

whether or not this coding style is used (see A.6.1 and 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 sg
significahce propagation, magnitude refinement, and cleanup coding passes are decoded with the arithmetic coder

fou

— execute the BYTEOUT procedure. This sets CT equal to the number of bits cleared outrof the C

3) Execute the BYTEOUT procedure to push the contents of the byte buffer register eut’to the codestijeam.

fied,
e last
ime.

bd. If
, the
t the

hents
1 bit-
lows
e (at
b bit-

itude
bnals

ts of
The

cleanup pass shall include an arithmetic coder termination (see Table D.9).
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Table D.9 — Selective arithmetic coding bypass

Bit-plane number Pass type Coding operations
1 cleanup Arithmetic Coding (AC)
2 significance propagation AC
2 magnitude refinement AC
2 cleanup AC
3 significance propagation AC
3 magnitude refinement AC
3 cleanup AC
4 significance propagation AC
4 magnitude refinement AC
4 cleanup AC, terminate
5 significance propagation raw
5 magnitude refinement raw, terminate
5 cleanup AC, terminate

final significance raw
final magnitude refinement raw,_términate
final cleanup AC, terminate

retu
bit s
each|

Whe
refin
and

Whe
prop
The

term

The

ed from the arithmetic coder are instead returned directly from the.bit)stream. (A routine that undoes the effe
ffing precedes the return of bits. Specifically, this routine throws“out the first bit after an OxFF byte value.)
magnitude refinement pass the bit stream has been "terminated\by padding to the byte boundary.

Stal{lg with the fourth significance propagation and magnitude refinement{coding passes, the bits that would have

h the predictable termination flag is set (see COD and COEJin A.6.1 and A.6.2) and all the bits from a magn|
ement pass have been assembled, any remaining bits in‘the last byte are filled with an alternating sequence
s. This sequence should start with a 0 regardless of the number of bits to be padded.

h the termination on each coding pass flag is sét¥(see COD and COC in A.6.1 and A.6.2), then the signifid
hoation passes are terminated in the same wayias'the magnitude refinement passes.

tleanup coding passes continue to receive'compressed image data directly from the arithmetic coder and are al
Inated.

5ign bit is computed with Equatien(D-2):

signbit = raw _value

whete raw_value = 1 iS-a>negative sign bit and raw value = 0 is a positive sign bit. Table D.9 shows the ¢

sequl

The
head
term

N

CNnce.

ength of each’términated segment, plus the length of any remaining unterminated passes, is signalled in the p
er as deseribed in B.10.7. If termination on each coding pass is selected (see A.6.1 and A.6.2), then every p
Inateds(including both raw passes).

OTEN - Using the selective bypass mode when encoding an image with an ROI may significantly decrease the comprg

€

been
ts of
A fter

itude
bf Os

ance

way's

D-2)

ding

hcket
ASS is

ssion

ficiency.

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.
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At the encoder, bits are packed into bytes from the most significant bit to the least significant bit. Once a complete byte
is assembled, it is emitted to the bit stream. If the value of the byte is an OxFF, a single zero bit is stuffed into the most
significant bit of the next byte. Once all bits of the coding pass have been assembled, the last byte is packed to the byte
boundary and emitted. The last byte shall not be an OxFF value.
NOTE 2 - Since the decoder appends OxFF values, as necessary, to the bit stream representing the coding pass (see D.4.1),
truncation of the bit stream may be possible. When the predictable termination flag is set (see COD and COC in A.6.1
and A.6.2), such truncation is not permitted. The last byte cannot be an 0xFF, since the bit-stuffing routine appends a new byte
following the FF, having most significant bit value of 0 and unused bits filled with the alternating sequence of 0 and 1 value bits.

D.7 Vertically causal context formation

This style of coding constrains the context formation to the current and past code-block scans (four rows of vertically
scanped-coefficients)}—Fhatis—an cte o e—he block—scan—-are } msienificant; The
COD or COC marker signals whether or not this style of coding is used (see A.6.1 and A.6.2).

To illustrate, the bit labelled 14 in Figure D.1 is decoded as usual using the neighbor states as specified imFigure|D.2,
independent of whether or not contexts are vertically causal. However when vertically causal context formation is fised,
the Hit labeled 15 is decoded assuming D, = V| = D3 =0 in Figure D.2.

D.8 Flow diagram of the code-block coding

The pteps for modeling each bit-plane of each code-block can be viewed graphically in Eigure D.3. The decisions made
are ip Table D.10 and the bits and context sent to the coder are in Table D.11. These.show the context withoyt the
seledtive arithmetic coding bypass or the vertically causal model.
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Start coding passes for a code-block bit-plane

Start of No Yes
significance
propagation
|
B Start of cleanup pass
Yes Yes
D8 » C4 » D11
e No %o
Yes Cs
"1
No ":
v © Yes
es
b3 C2 cl
~ No < Mo D3
Yes v
ba NS o <7 Yes
D0 >—» CO0 [— CI
No
No "
No
Startof magnitude
Yes
refinement pass CO Gt
No
Y
D12 No End of coding passes for
a code-block bit-plane
Yes
Co
3
Yes
D7 CoO =
No
T.800_FD-3
Figure D.3 — Flow chart for all coding passes on a code-block bit-plane
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Table D.10 — Decisions in the context model flow chart

Decision Question Description
DO Is this the first significant bit-plane for the code-block? See D.3
D1 Is the current coefficient significant? See D.3.1
D2 Is the context bin zero? (see Table D.1) See D.3.1
D3 Did the current coefficient just become significant? See D.3.1
D4 Are there more coefficients in the significance propagation?

D5 Is the coefficient insignificant? See D33
D6 Was the coefficient coded in the last significance propagation? See D134
D7 Are there more coefficients in the magnitude refinement pass?
D8 Are four contiguous undecoded coefficients in a column each with a 0 context? Sée D.3.4
D9 Is the coefficient significant or has the bit already been coded during the Significance See D.3.4
Propagation coding pass?
D1 Are there more coefficients remaining of the four column coefficients?
D1 Are the four contiguous bits all zero? See D.3.4
D11 Are there more coefficients in the cleanup pass?
Table D.11 — Decoding in the context model flow'chart
Code Decoded symbol Context Briéf éxplanation Descriptign
L0 - - Go to the next coefficient or column
[1 Newly significant? Table D.1, Decode significance bit of current coefficient See D.3.
9 context labels (significance, propagation or cleanup)
[2 Sign bit Table D.3, Decode'sign bit of current coefficient See D.3.]
5 context labels
'3 Current magnitude Table D .4, Decode magnitude refinement pass bit of current See D.3.]
bit 3 context labels coefficient
[4 0 Run-length context™| Decode run-length of four zeros See D.3.4
1 labe] Decode run-length not of four zeros
5 00 UNIFORM First coefficient is first with non-zero bit See D.3.4 qnd
01 Second coefficient is first with non-zero bit Table C.]
10 Third coefficient is first with non-zero bit
11 Fourth coefficient is first with non-zero bit
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Annex E

Quantization

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

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

This annex specifies the forms of inverse quantization used for the reconstruction of tile-component transform
coefficients. Information about quantization of transform coefficients for encoding is also provided. Quantization is the

process by which the transform coefficients are reduced in precision

E.1

For
follo|

whete s,(u, v), Ny(u, v) and MSB{(b, u, v)are given in D.2, and where M, is refrieved using Equation (E-2), wher

num

Each
Raqi(
N

q
P

E.1.
E.1.

For the irreversible transformatipnj-the quantization step size A, for a given sub-band b is calculated from the dyn

rang

N
!

In E

Inverse quantization procedure

wing equation:

o Nb(u,v) )
qb(u,v) = (1—2sb(u,v))' z MSB,-(b,u,v)-ZM”_’

i=1

ber of guard bits G and the exponent €, are specified in the QCD or QCC marker segments (see A.6.4 and A.6

Mb = G+€b—1

1, v), as will be described in E.1.1.

OTE — Decoding only N,(u, v) (see D.2.1) bit-planes.igiequivalent to decoding data which has been encoded using a

- Nb(u,v)

pantizer with step size 2Mb - Ay for all the coefficients of this code-block. Due to the nature of the three ¢

hsses (see D.3), Ny(u, v) may be different for different coefficients within the same code-block.
Irreversible transformation

.1 Determination of the quantization step size

e R, of sub-band b, the exponent €, and mantissa L, as given in Equation (E-3).

— Ry =8| 1L Hb
Ay =2 (”211}

OTE — Thévdenominator, 2'', in Equation (E-3) is due to the allocation of 11 bits in the codestream for p,, as giv
able AL30:

pach transform coefficient (u, v) of a given sub-band b, the transform coefficient value g,(u, v) 1s, given by the

E-1)

e the
5).

E-2)

decoded transform coefficient g,(u, v) of sub-band b.s.tsed to generate a reconstructed transform coefficient

calar

bding

amic

E-3)

en in

\.6.4

uation (E-3), the exponent €, and the mantissa [, are specified in the QCD or QCC marker segments (see 4

and

-6.5), and the nominal dynamic range K, (as given by Equation (E-4)) 1s the sum of R; (the number of bits used to

represent the original tile-component samples which can be extracted from the SIZ marker — see Table A.11 in A.5.1)
and the base 2 exponent of the sub-band gain (gain,) of the current sub-band b, which varies with the type of sub-band b
(levLL, levLH or levHL, levHH — see F.3.1) and can be found in Table E.1.
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Table E.1 — Sub-band gains

sub-band b gain, log,(gainy)
levLL 1 0
levLH 2 1
levHL 2 1
levHH 4 2
Ry = Ry +log,(gainy,) (E-4)

The pxponent/mantissa pairs (€,,1,) are either signalled in the codestream for every sub-band (expounded quantizgtion)
or else signalled only for the N;LL sub-band and derived for all other sub-bands (derived quantization)-(see Table
A.3(). In the case of derived quantization, all exponent/mantissa pairs (€,l,) are derived from|the sjingle
exponent/mantissa pair (€,,L,) corresponding to the N;LL sub-band, according to Equation (E-5):

(ep.1p) = (€, = Np +mp.1,) E-5)

whete n, denotes the number of decomposition levels from the original tile-component tolthe"sub-band b.
NOTE - For a given sub-band b, a quantized transform coefficient may exceed the dynamierange R,.

E.1.1.2 Reconstruction of the transform coefficient

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

b(u,v)+ 72 M _Nb(”’v)) ~ A, for E(u,v) >0

)

qu(u,v) = (%(u,v)—rZMb _Nb(”’v)) - Ay for %(u,v) <0 E-6)

0 for %(u,v) =0

whete r is a reconstruction parameter, which .can'be arbitrarily chosen by the decoder.

NOTE — The reconstruction parameter { may be chosen for example to produce the best visual or objective qualify for
r¢construction. Generally, values for r fall in the range of 0 < r < 1, and a common value is » = 1/2. (This note also applies
t¢ E.1.2).

E.1.] Reversible transforméation

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).

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 whethenall the coefficient bits are decoded, i.e., whether Ny(u, v) = M, or Ny(u, v) < M,

If Nu;D) = M,, then the reconstructed transform coefficient Rq,(u, v) is given by Equation (E-7).

Ry (u,v) = gqp(u,v) (E-7)

If Ny(u, v) < M,, then the reconstructed transform coefficient Rq,(u, v) is given by Equation (E-8).
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\_(%(u,v)+r2Mb_Nb(”’v))-AbJ for%(u,v)>0
qu(u,v) = ’_(%(u,v)—rZM"_N”(u’v))~Ab-‘ for%(u,v)<0

0 for a(u,v): 0

Scalar coefficient quantization (informative)

(E-8)

For irreversible compression, after the irreversible forward discrete wavelet transformation (see Annex F), each of the

trangform coefficients a,(u, v) of the sub-band is quantized to the value g,(u, v) according to Equation (E-9).

|ab (u,v)|J

il sl -4

E-9)

whege A, is the quantization step size. The exponent €, and mantissa corresponding to ‘A,~can be derived [from
Equdtion (E-5), and must be recorded in the codestream in the QCD or QCC markers (see,A.6:4 and A.6.5).

For feversible compression, the quantization step size is required to be 1. In this cases-a\parameter €, has to be recqrded
in thg codestream in the QCD or QCC markers (see A.6.4 and A.6.5), and is calculated-as:

&y =Ry +logs(gainy )+ ¢

(E-10)

whefe R; and gain, are as described in E.1.1, and where (. is zero.if*the RCT is not used and (. is the numbgr of
addifional bits added by the RCT if the RCT is used, as described in &2.1.

For t

oth reversible and irreversible compression, in order to preyent possible overflow or excursion beyond the nominal

rangg of the integer representation of |qb (u,v)| arising, fot\example during floating point calculations, the numbgr M,

of bits for the integer representation of g,(u, v) used atthé encoder side is defined by Equation (E-2). The number|G of
guarfl bits has to be specified in the QCD or QCC marKer (see A.6.4 and A.6.5). Typical values for the number of guard
bits gre G=1or G=2.
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Annex F

Discrete wavelet transformation of tile-components

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

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

This annex describes the forward discrete wavelet transformation applied to one tile-component and specifies the
inverse discrete wavelet transformation used to reconstruct the tile-component.

F.1

Con
Ther

F.2

F.2.1

To p
one-
reprq

Tile-component parameters

ider the tile-component defined by the coordinates, zcx, tcxy, fcy, and fcy; given in Equation (B-12), in"Annex
the coordinates (x, y) of the tile-component (with sample values /(x, y) lie in the range defined by

texg < x < texp and teyy < y < feyy

Discrete wavelet transformations

Low-pass and high-pass filtering (informative)

erform the forward discrete wavelet transformation (FDWT), this Recgmmniendation | International Standard u
limensional sub-band decomposition of a one-dimensional arfay  of samples into low-pass coeffic
senting a downsampled low-resolution version of the original array, and high-pass coefficients, represent

downsampled residual version of the original array, needed to perfectly reconstruct the original array from the low

array.

To p
one-
coef]

F.2.2

Each
repre
of dg

F.2.]
This
trans
spec

F.3

F.3.1
The

erform the inverse discrete wavelet transformation (IDWT), this Recommendation | International Standard u|
limensional sub-band reconstruction of a one-dimiehsional array of samples from low-pass and high
icients.

Decomposition levels

tile-component is transformed intova-set of two-dimensional sub-band signals (called sub-bands),
senting the activity of the signal in various frequency bands, at various spatial resolutions. V; denotes the nu
composition levels.

Discrete wavelet filters (informative)

formation. Given thatDtile-component samples are integer-valued, a reversible transformation requireg
fication of a rounding procedure for intermediate non-integer-valued transform coefficients.

Inverse’discrete wavelet transformation

The. IDWT procedure

inverse discrete wavelet transformation (IDWT) transforms a set of sub-bands, a,(us, v) into a DC-level sh

B.3.

F-1)

ses a
ents,
ng a
pass

SCS a

Lpass

each
mber

Recommendation | Intérhational Standard specifies one reversible transformation and one irreveqsible

the

ifted

tile-comporent; #(x; 7)) (IDWT procedure)—The IDWT procedureatsotakesas mput @ parameter v, which tepr
the number of decomposition levels (see Figure F.1). The number of decomposition levels NV, is signalled in the COD or
COC markers (see A.6.1 and A.6.2).
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Figure F.1 — Inputs and outputs of the IDWT procedure
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The sub-bands are labelled in the following way: an index /ev corresponding to the decomposition level, followed by
two letters which are either LL, HL, LH or HH.

The sub-band b = levLL corresponds to a downsampled version of sub-band (lev — 1)LL which has been low-pass
filtered vertically and low-pass filtered horizontally. The sub-band b = OLL corresponds to the original tile-component.
The sub-band b = levHL corresponds to a downsampled version of sub-band (lev — 1)LL which has been low-pass
filtered vertically and high-pass filtered horizontally. The sub-band » = levLH corresponds to a downsampled version of
sub-band (/lev — 1)LL which has been high-pass filtered vertically and low-pass filtered horizontally. The sub-band
b = levHH corresponds to a downsampled version of sub-band (lev — 1)LL which has been high-pass filtered vertically
and high-pass filtered horizontally.

For a given value of N;, only the following sub-bands are present in the codestream, and in the following order (these
sub-bands are sufficient to fully reconstruct the original tile-component):

N,LL, N;HL, N,LH, N;HH, (N, — 1)HL, (N, — 1)LH, (N, — )HH,..., 1HL, 1LH, 1HH.

For 3 given sub-band b, the number n, represents the decomposition level at which it has been generated at'the tithe of
encofding, and is given in Table F.1:

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

b NLL | NHL | NLH | NHH | V,-DHL | V,-DHL | (W,—DHL | (| 1HL | I1LH | 1HH
ny NL NL NL NL NL—l NL—I NL—I 1 1 1

The pub-bands for the case where N, = 2 are illustrated in Figure F.2.

arrr (Uorp, Vorz)

Gpr (Uapr, Vapr)
(u Vo) Gpr Wi Vo)
L \Uorr Vorw /

a)

a (g Vigr)
/ IDWT

\4

I(x, y)

a1 (g VirH) & e VigE)

T.800_FF-2
Figure F.2 — The IDWT (N, =2)

The IDWT procedur¢ starts with the initialization of the variable lev (the current decomposition level) to N;| The
2D _$R procedure {see F.3.2) is performed at every level lev, where the level lev decreases at each iteration, unfil N,
iterations are performed. The 2D SR procedure is iterated over the /evLL sub-band produced at each iteration. Figally,
the spib-band.dyyy (¢o1z, vorz) is the output array I(x, y).

As defined ‘in Equation (B-15), the indices (u, v;) of sub-band coefficients a,(u;, v3) for a given sub-band b lie ip the
rangg d€fined by:

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

IDWT
lev=Np Done
Yes
> lev=0 > I(x, ) =ayrp (%, )
No

ey — L = 2D_SR(@epr1> Weviirs Ueviip Aeviirs o> 1> Vor V1)

v

lev=1lev -1

T.800_FF-3

Figure F.3 — The IDWE procedure

F.3.2 The 2D_SR procedure

The [2D_SR procedure performs a reconstruction ofsub-band a1y, (1, v) from the four sub-bands, a....(#, v),
WU, V), Qeyrr(ut, v) and ae,yp(u, v) (see Figure F.4). The total number of coefficients of the reconstructed /gvLL
sub-band is equal to the sum of the total numbgr of coefficients of the four sub-bands input to the 2D SR procg¢dure
(see Figure F.5).

AlevLL

AlevHL ,

a ey — 1)LL
levLH ) 2D_SR )

AieyHH

Ug, U1, Vo, V]
—

T.800_FF-4

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

AlevLL AevHL
2D SR
) Alev — 1)LL

AleyLH AleyHH

T.800_FF-5

Figure F.5 — One level of reconstruction from four sub-bands (2D_SR procedure) into sub-bands
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First, the four sub-bands a.,;1 (4, V), @evrr(U, V), Qrevru(u, v) and age,mp(u, v) are interleaved to form an array a(u, v) using
the 2D _INTERLEAVE procedure. The 2D_SR procedure then applies the HOR_SR procedure to all rows of a(u, v),
and finally applies the VER SR procedure to all columns of a(u, v) to produce the reconstructed sub-band
Agev—1y1e(u, v). Figure F.6 describes the 2D_SR procedure.

2D SR

a =2D_INTERLEAVE(a;oyr 1, Gy, Qeviip Yeviirs Yo> U1s Vor V1)

!

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

v

Aoy — 1)LL= VER_SR(a, uj uy, vy, v;)

Done

T.800_FF-6

Figure F.6 — The 2D-~SR procedure

F.3.3 The 2D_INTERLEAVE procedure

As illustrated in Figure F.7, the 2D _INTERLEAVE procedure interleaves the coefficients of four sub-bands ¢.,;;,
Aievids Aievii> Alevun 1o form a(u, v). The values-af ug, u;, vo, v; used by the 2D INTERLEAVE procedure are those of
tbx,|tbx, thy,, thy, of corresponding to sub-band b = (lev — 1)LL (see definition in Equation (B-15)).

The way these sub-bands are interleaved to form the output a(u, v) is described by the 2D INTERLEAVE procg¢dure
givef in Figure F.8.

AeyLL

AevHL
——>

a
levLH 2 D_S R
YevHH

ug, Uy, Vo, V;
—_—

T.800_FF-7

Figure K./ — FParameters ol ZD_INTERLEAVE procedure
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2D INTERLEAVE

v v
b=levLL b = levHL
uy = |_u0/2—| uy, = |_u0/2J
vy = |—v0/2—| vy = |—v0/21
™y ~
auy, 2vy) = ap(up, vp) auy+ 1,2vy) = ap(up,vy)
up =upt1 uy =upyt1
No
Yes
=l uy2] »=Luy/2]
7'y vp=vptl . vy, = vt 1
‘ No
Yes
v
b =levLH b = levHH
uy, = |_u0/2—| u, = |_u0/2_]
vy = Lvy/2] vy = Lvy/2]
™y ~
aup, 2vy+ 1y=ray(uy, vy) aQuy+ 1,2vp+ 1) = ap(uy, vp)
=uyt1 uy =upyt1
* -
Yes Yes
p =l uy/2] uy, = Lug/2] Y
7'y vp=vptl \ vy =wt1
No Yes
Done

T.800_FF-8

Figure F.8 — The 2D_INTERLEAVE procedure
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F.3.4 The HOR_SR procedure

The HOR_SR procedure performs a horizontal sub-band reconstruction of a two-dimensional array of coefficients. It
takes as input a two-dimensional array a(u, v), the horizontal and vertical extent of its coefficients as indicated by
uy < u <uy and vy < v <y (see Figure F.9) and produces as output a horizontally filtered version of the input array, row
by row.

As illustrated in Figure F.10, the HOR SR procedure applies the one-dimensional sub-band reconstruction (1D_SR
procedure) to each row v of the input array a(u, v), and stores the result back in each row.

a(u, v) )
a(u, v
HOR_SR

Up, Uy, Vo, Vi

L

T.800_FF-9

Figure F.9 — Inputs and outputs of the HOR_SR procedure
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HOR_SR

V="
lp = Uy
n=u

A 4

Y(u) = a(u, v)

v

X(u)=1D_SR(Y(w), ig, i})

v

a(u, v) = X(u)

'

v=v+1

Done

T.800_FF-10

Figure F.10 — The HOR_SR procedure

F.3.5 The'VER SR procedure

The VER, SR procedure performs a vertical sub-band reconstruction of a two-dimensional array of coefficients. It jakes
as input_a two-dimensional array a(u, v), the horizontal and vertical extent of its coefficients as indicated by uy < § <u
and vy < v <v, (see Figure F.11) and produces as output a vertically filtered version of the input array, column by
column.

As illustrated in Figure F.12, the VER SR procedure applies the one-dimensional sub-band reconstruction (1D_SR
procedure) to each column u of the input array a(u, v) and stores the result back in each column.
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a(u, v)

a(u, v)
VER_SR
Ug, Uy, Vo, V)

T.800_FF-11

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

VER_SR

u=1ug,
10:\/0

n=w

A 4

Y(v)= a4, v)

'

X(V) = 1D_SR(Y(Y), iy, i})

'

a(u, v)=X(v)

Done

T.800_FF-12

Figure F.12 — The VER_SR procedure
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F.3.6 The 1D_SR procedure

As illustrated in Figure F.13, the 1D_SR procedure takes as input a one-dimensional array Y(i), the extent of its
coefficients as indicated by i, < 7 <. It produces as output an array X, with the same indices (iy, 7).

Y
— > X
o IDSR ———>»
Lo, 1
T.800_FF-13

i nH 12 )]
TIgurcTI=To T mﬁ'ﬁ%e‘l‘B_SR_pfeeedﬂfe—_

For gignals of length one (i.e., ip =7 — 1), the 1D_SR procedure sets the value of X(ip) to X(iy) if i, is an@yven integer,
and o X(ip) = Y(ip)/2 if iy is an odd integer.

For $ignals of length greater than or equal to two (i.e., iy <i7j— 1), as illustrated in Figure F.14, the, 1D SR procg¢dure
first uses the 1D _EXTR procedure to extend the signal Y beyond its left and right boundaries resulting in the extgnded
signgl Y., and then uses the 1D_FILTR procedure to inverse filter the extended signal Y,,/'and produce the dgsired
filteged signal X. The 1D EXTR and 1D FILTR procedures depend on whether the 9-7 jrteyersible wavelet trangform
(irreyersible transformation) or 5-3 reversible wavelet transform (reversible transformatiofy is selected: this is signalled
in thg COD or COC markers (see A.6.1 and A.6.2).

1D SR

Y, = 1D_EXTREY, iy, i))

v

X=1D_FILTR(Y,, i, i)

Done

T.800_FF-14

Figure F.14 — The 1D_SR procedure

F.3.7 The1D_EXTR procedure

i right

1D_EXTR p

A
v

E F G F E D C B|A|B|C|D|E|F|G|F E D C B A B C ..
T.800_FF-15

A
v

i i —1

Figure F.15 — Periodic symmetric extension of signal
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The first coefficient of Y is coefficient iy, and the last coefficient of signal Y is coefficient i; — 1. This extension
procedure is known as "periodic symmetric extension". Symmetric extension consists in extending the signal with the
signal coefficients obtained by a reflection of the signal centered on the first coefficient (coefficient i) for extension to
the left, and in extending the signal with the signal coefficients obtained by a reflection of the signal centred on the last
coefficient (coefficient i; — 1) for extension to the right. Periodic symmetric extension is a generalization of symmetric
extension for the more general case where the number of coefficients by which to extend the signal on any one side may
exceed the signal length #; — #y: this case may happen at higher decomposition levels.

The 1D_EXTR procedure calculates the values of Y,,(i) for values of i beyond the range iy <i<ij, as given in
Equation (F-3):

Yors (i): Y(PSEO (iv i, 1) )) (F-3)

whete PSE (i, iy, 7)) is given by Equation (F-4):

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

Twolextension procedures are defined, depending on whether the 5-3 wavelet transformation (1D EXTRs_; proceflure)
or 917 wavelet transformation (1D _EXTRy; procedure). The procedures only differ in the minimum values off the
extepsion parameters (.4, . and iy,  for the 5-3 wavelet transformation, and iy, . and-i, g, . for the 9-7 wavelet

trangformation) which are given in Tables F.2 and F.3, and depend on the parity of the\indices iy and #,. Values eqyal to
or greater than those given in Tables F.2 and F.3 will produce the same array(X -at the output of the 1D IFJLTR
procgdure of Figure F.14.

Table F.2 — Extension to the‘left

iy ilefts.s ileﬁ9-7
even 1
odd 2

Table F:3— Extension to the right

h Lighty 4 Light, ,

odd

evef 2 4

F.3.9 The 1D_FILTRrocedure

One [reversible filtering procedure 1D _FILTR;s.3r and one irreversible filtering procedure 1D _FILTRy 5 are specified,
depending on whetlter'the 5-3 reversible or 9-7 irreversible wavelet transformation is used.

As illustrated i Figure F.16, both procedures take as input an extended 1D signal Y,,, the index of the first coefficient
ip, afid the index of the coefficient i; immediately following the last coefficient (i; — 1). They both produce as optput
signgl X,

YCX[

-7 X
L ID FILTR ——»
0“1

—>»

T.800_FF-16

Figure F.16 — Parameters of the ID_FILTR procedure
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Both procedures use lifting-based filtering, which consists in applying to the signal a sequence of very simple filtering
operations called lifting steps, which alternately modify odd-indexed coefficient values of the signal with a weighted
sum of even-indexed coefficient values, and even-indexed coefficient values with a weighted sum of odd-indexed
coefficient values.

F.3.8.1 The 1D_FILTRs ;i procedure

The 1D_FILTS5-3R procedure uses lifting-based filtering in conjunction with rounding operations. Equation (F-5) is first
performed for all values of » indicated, followed by Equation (F-6) which uses values calculated from Equation (F-5):

The

F.3.8.2 The 1D_FILTRy; procedure

The

Equg

perf

First

X(2n)= ext(zn)—vex‘(zn_l) 42"’(2”+1)+2J for BJW{ZJH

(F-5)

2 2

X(2n+1):Yex[(Zn+1)+LX(2H)+X(2’1+2)J for EJSMPJ

values of X(k) are such that iy < k <17 form the output of the ID_FILTR;_ 3 procedure.

| D-FILTR,.7 procedure uses lifting-based filtering (there is no rounding operation)» The lifting parameters (0,
d) arld the scaling parameter K for all filtering steps are defined in F.3.8.2.1.

y, step 1 is performed for all values of n such that B J << LzJ + 2, and step 2 is performed for all values of

n su¢h that o -2<n<|—|+2.
2 2

F-6)

B, v,

tion (F-7) describes the two scaling steps (1 and 2) and the four lifting steps (3 through 6) of the 1D filtpring
rmed on the extended signal Y.,(n) to produce the i; — i, coefficients.0f signal X. These steps are performed in the
following order.

ps 1

Ther, step 3 is performed for all values of n suchr that L%J —-1<n< L%J + 2, and uses values calculated in st
and 2.
Ther], step 4 is performed for all yalues of n such that L%J —-1<n< \‘%J +1, and uses values calculated in st¢ps 2
and 3.
Ther}, step 5 is performéd-for all values of # such that L 5 J <n< L 2J +1, and uses values calculated in steps 3 and|4.
Finally, step 63s performed for all values of » such that L 2 J <n< L 21J and uses values calculated in steps 4 and §.
X(2n)=KY,,,(2n) [STEP1]
X2n+1)=01/K)Y,,(2n+1) [STEP2]
X(2n)=X(2n)-6(X(2n-1)+ X(2n+1))  [STEP3]
X2n+1)=X2n+1)-{X(2n)+ X(2n+2)) [STEP4]
X(2n)=x02n)-p(X2n-1)+X2n+1))  [STEPS]
X2n+1)=X@2n+1)-a(X(2n)+ X(2n+2)) [STEPS]
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where the values of the lifting parameters (o, 3, v, 6) and K are defined in Table F.4.

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

Parameter Exact expression Approximate value
o -84/ g3 —1.586 134 342 059 924
B g3 /1 —0.052 980 118 572 961
Y 71/ 8o 0.882 911 075 530 934
) S0/ to 0.443 506 852 043 971
K 1/t 1.230 174 104 914 001

The palues of X(k) are such that iy < k < i, form the output of the 1D _FILTR; procedure.

F.3.8.2.1 Filtering parameters for the 1D_FILTRy_; procedure

The [filtering parameters (o, B, ¥, 0, K) are defined in Table F.4, in terms of parameters g, fronx Table F.5
parameters (7, 71, So, tp) from Table F.6. The parameters g, are defined in terms of parameters x¢,-Rx, and |x2|2 givi

Tablg F.7. All tables give a closed-form expression for all parameters, including approximations up to 15 de

points.

Table F.5 — Definition of coefficients g,

n Coefficients g, Approximate value of g,
0 5x1(48|x2|2 ~16%x, + 3]/ 32 ~0.602 949 018 236 360
2
1 —5x1(8|x2| - Srtxzj 78 0.266 864 118 442 875
2

2 5x1(4|xZ| + 43%x, - 1) /16 0.078 223 266 528 990

3 53 (R, )/ 8 ~0.016 864 118 442 875

4 5x / 64 —0.026 748 757 410 810

Table'F.6 — Intermediate expressions (v, 1, S, fy)
Parameter Exact expression Approximate value

"o —go+2g18:/ g 1.449 513 704 087 943
r @ taitaigl g 0.318 310 318 985 991
S0 gi—g—gyrol 1 0.360 523 644 801 462
to ro—2r 0.812 893 066 115 961

and
en in

imal
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Table F.7 — Intermediate expressions

Parameter Exact expression Approximate value

A |63 - 14715 0.128 030 244 703 494

108015
B 63414415 0303 747 672 895 197

1080+/15
x| A+B-1/6 —0.342 384 094 858 369

(4. D) 1
R, —“é“’—é —0.078 807 952 570 815

2 2
o’ (4+8B) 1]" 3(4-B) 0.146 034 820 982 800
2 6 4
F.4 Forward transformation (informative)

F.4.1 The FDWT procedure (informative)

The forward discrete wavelet transformation (FDWT) transforms DC-level shifted tile-component samples /(x, y) i
set of sub-bands with coefficients a,(up, 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 A.6.1 and A.6.2).

As illustrated in Figure F.18, all the sub-bands‘in the case where N, = 2 can be represented in the following way:

1(x,y)
e
FDWT
Ny
—_—P
T.800_FF-17

Ay (yr s Vorr)

J(C))

Gy, Vap) ——— |
Gy Vary) B ——

G u(Uonm Var) I S

FDWT
—

>
—> ab(ub, vp)

—>

Figure F.17 — Inputs and outputs of the FDWT procedure

hto a
S as

a4y g Vipr)

e Vice) | Qe R Vids)

Figure F.18 — The FDWT (N, =2)

The FDWT procedure starts with the initialization of the variable lev (the current decomposition level) to zero, and
setting the sub-band agz;(uozz, vorz) to the input array /(u, v). The 2D _SD procedure is performed at every level lev,
where the level lev increases by one at each iteration, and until N, iterations are performed. The 2D_SD procedure is
iterated over the levLL sub-band produced at each iteration.
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As defined in Annex B (see Equation (B-15)), the coordinates of the sub-band ay,,;;(u, v) lie in the range defined by:

thxy <u<tbxy and thyy<v<tby (F-8)

Figure F.19 describes the FDWT procedure.

FDWT

lev 1=

agrr(u, v) =1I(u, v)

(Uevi1> Yevtr> Uev i Vieviir) = 2D_SD(a(lev — 1)L Yo %y Voo V)

'

lev=lev + 1

T.800_FF-19

Figure F.19— 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 ae, - 1yr.{u, v)
into four groups of sub-band coefficients aj.,;;(u, V), Qo (U, V), Qleviu(u, v), and aje, i, v).

The total number of coefficients of the /ev;; sub-band is equal to the sum of the total number of coefficients of thg four
sub-bands resulting from the. 2D SD procedure.

Figufe F.20 describes theinput and output parameters of the 2D_SD procedure.

AleyLL o
>

Alev — 1)LL a
» levHL _
»

2D SD -
o, U1, Vo, V] N >
>
YUevHH _
T.800_FF-20

Figure F.20 — Inputs and outputs of the 2D_SD procedure
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Figure F.21 illustrates the sub-band decomposition performed by the 2D_SD procedure.

AleyLL QevHL
2D SD
Ylev — 1)LL _S
AjevLH AjevHH
T.800_FF-21

Figure F.21 — One-level decomposition into four sub-bands (2D_SD procedure)

The 2D _SD procedure first applies the VER _SD procedure to all columns of a(u, v). It then applies the HOR
procgdure to all rows of a(u, v). The coefficients thus obtained from a(u, v) are deinterleaved into the fouf sub-U
using the 2D_DEINTERLEAVE procedure.

Figue F.22 describes the 2D_SD procedure.

F.4.3

The
as in

2D SD

a = VER_SD(a(,, _ 1)1, Ugs 415 Vs Vi)

v

a =HOR_SD(a, ugim, vy, v;)

v

@ievis Geviirs Glevirr Gievriry) = 2D_DEINTERLEAVE(a, ug, uy, vy, v1)

T.800_FF-22

Done

Figure F.22 — The 2D_SD procedure

The VER_SD procedure (informative)

VER. SDPprocedure performs a vertical sub-band decomposition of a two-dimensional array of coefficients. It
put the two-dimensional array a,,— 1)..(#, v), the horizontal and vertical extent of its coefficients as indicatg

_SD
ands

akes
d by

M()S

c<qand vy < v <y (see F'igﬂrp E 7'1) and prndnmhq as output a s ertically filtered version a(u ) of the inpnf P

rray,

column by column. The values of u, u;, vy, v; used by the VER SD procedure are those of thx,, tbx;, thyy, thy,
corresponding to sub-band b = (lev — 1)LL (see definition in Equation (B-15)).

112

a(u, v)
a(u, v)

VER SD
Ug, Uy, Vo, V) -

T.800_FF-23

Figure F.23 — Inputs and outputs of the VER_SD procedure
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As illustrated in Figure F.24, the VER _SD procedure applies the one-dimensional sub-band decomposition (1D_SD
procedure) to each column of the input array a(u, v), and stores the result back into each column.

VER_SD

U=1u,

ip=Vvy

F.4.4

T

A 4

X(v)=a(u, v)

v

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

v

a(u, v) = Y()

v

u=u-+l

Done

T.800_FF-24

Figure F.24 — The VER_SD procedure

The HOR_SD procedure (informative)

The HOR_SD procedure performs a horizontal sub-band decomposition of a two-dimensional array of coefficients. It
takes as input a two-dimensional array a(u, v), the horizontal and vertical extent of its coefficients as indicated by
up < u <uy and vy < v <v (see Figure F.25) and produces as output a horizontally filtered version of the input array, row

by row.
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a(u, v)
a(u, v)
HOR_SD
Up, Uy> Vo, Vi
—»
T.800_FF-25

Figure F.25 — Inputs and outputs of the HOR_SD procedure

As illustrated in Figure F.26, the HOR SD procedure applies the one-dimensional sub-band decomposition (1D_SD
procedure) to each row of the input array a(u, v) and stores the result back in each row.

HOR_SD

L =uy

X(u) = a(u,w)

v

Y= 1D_SD(X(), g, i})

'
a(u, v) = Y(u)

v

v=v+1

Yes

Done

T.800_FF-26

Figure F.26 — The HOR_SD procedure
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F.4.5  The 2D_DEINTERLEAVE procedure (informative)

As illustrated in Figure F.27, the 2D _DEINTERLEAVE procedure deinterleaves the coefficients of a(u, v) into four
sub-bands. The arrangement is dependent on the coordinates (uo, vo) of the first coefficient of a(u, v).

The way these sub-bands are formed from the output a(u, v) of the HOR SD procedure is

2D DEINTERLEAVE procedure illustrated in Figure F.28.

ISO/IEC 15444-1:2004 (E)

AevLL
alu, v
( ) AevHL
;
2D DEINTERLEAVE
05 71> V0> V1 TevEtt >
YevHH _

T.800_FF-27

Figure F.27 — Parameters of 2D_DEINTERLEAVE procedure
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D DEINTERLEAVH

v v
b =levLL b = levHL
uy = |—u0/2—| uy, = LuO/ZJ
vy = |—v0/2—| vy = |—v0/2—|
Y N
ay(uy, vp) = a2uy, 2vy,) ap(uy, vp) = aQuy, + 1, 2vy)
u, =u, +1 u, =u, +1
up = ug/2 | ‘ y = Lug/2] ‘
y vy = vt 1 y v, = vt 1
b =levLH b = levHH
U, = |—M0/2—| Uy = |_140/2J
Vp = |_V0/2J Vp = |_V0/2J
K K
ab(ub, Vb) = a(Zub, 2Vb + 1) ab(ub’ Vb) = a(2ub + 1, 2Vb + 1)
u,=uy +1 up,=u, +1
I Van
uy = |—u0/2—|
y vp = vpt 1 y v, =v, +1

No Yes
Done
T.800_FF-28

Figure F.28 — The 2D _DEINTERLEAVE procedure
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F.4.6  The 1D_SD procedure (informative)

As illustrated in Figure F.29, the 1D_SD procedure takes as input a one-dimensional array X(i), the extent of its
coefficients as indicated by i, < i < i;. It produces as output an array Y(7), with the same indices (i, 7}).

X
Y
. 1D_SD >
1o, I -
T.800_FF-29

Figure F-29—Parametersof theHD—SD—procedure
For gignals of length one (i.e., iy =i — 1), the ID_SD procedure sets the value of Y(iy) to Y(ip) = X(ip) if(7} is an[even
inteder, and to Y(ip) = 2X(iy) if iy is an odd integer.
For $ignals of length greater than or equal to two (i.e., iy <i — 1), as illustrated in Figure F.30, thexID SD procg¢dure
first uses the 1D EXTD procedure to extend the signal X beyond its left and right boundaries r€sulting in the extgnded
signgl X, and then uses the 1D_FILTD procedure to filter the extended signal X,,, and produce the desired filtered
signgl Y.
1D _SD
X,,, = 1D_EXTD(X, igiy)
Y, = W FILTD(X,,, iy, i;)
T.800_FF-30
Done
Figure F.30 — The 1D_SD procedure
F.4.] The 1D_EXTD procedure (informative)
The [D_EXTD\procedure is identical to the 1D EXTR procedure, except for the values of the lefiy - » Irighty., > Uefts
and ¢, \ Parameters, which are given in Tables F.8 and F.9.
Table F.8 — Extension to the left
fo Tiefi liefty
even 2 4
odd 1 3
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Table F.9 — Extension to the right

Ul iright5_3 Iy ighty
odd 2 4
even 1

F.4.8  The 1D_FILTD procedure (informative)

This Recommendation | International Standard specifies one irreversible procedure (1D_FILTDy ) and one reversible
filtering procedure (1D_FILTDs 3r), depending on whether the 9-7 irreversible or 5-3 reversible wavelet transformation
is selected.

As ihlustrated in Figure F.31, both procedures take as input an extended 1D signal X, the index of the| first
coefficient iy, and the index of the coefficient i; immediately following the last coefficient (i; — 1). They both-prdduce
an ofitput signal, Y. The even-indexed coefficients of the Y signal are a low-pass downsampled version of' the extgnded
signgl X,,,, while the odd-indexed coefficients of the signal Y are a high-pass downsampled version of the extgnded
signgl X,

ext

o ID FILTD |——»
L 11

T.800_FF-31

Figure F.31 — Parameters of the 1D_FILFD procedure

F.4.8.1 The 1D_FILTDs; procedure (informative)

The [reversible transformation described in this clause is the reversible lifting-based implementation of filterirjg by
the -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 %)—‘—ISn<%—l as givgn in

Equgtion (F-9):

F-9)

Y(Zn % 1)= Xext (21’1 + 1) - \‘X@d (271) * Xext (2”1 + 2)J

4

Ther] the even-indexed coefficients of output signal Y are computed from the even-indexed values of extended sjignal
X, land the odd-indexeds coefficients of signal Y for all values of n such that {%—lSn<{%—‘ as givdn in

Equdtion (F-10):

Y(2n)=Xext(2n)+V(2”_1)+§(2”+1)+ 2J (F-10)

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

F.4.8.2 The 1D_FILTDI procedure (informative)

The irreversible transformation described in this clause is the lifting-based DWT implementation of filtering by the 9-7
irreversible filter.

Equation (F-11) describes the four lifting steps (1 through 4) and the two scaling steps (5 and 6) of the 1D filtering
performed on the extended signal X,,(n) to produce the i; — iy coefficients of signal Y. These steps are performed in the
following order.
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Firstly, step 1 is performed for all values of n such that {%—‘ -2<n< {%—l +1.

Then, step 2 is performed for all values of n such that % —-1<n< {%—‘ + 1, and uses values calculated at step 1.
Then, step 3 is performed for all values of 7 such that % -1<n< {%—‘ , and uses values calculated at steps 1 and 2.
Then, step 4 is performed for all values of n such that % <n< {%—l , and uses values calculated at steps 2 and 3.

Finally, step 5 is performed for all values of # such that {%—‘ <n< {%—l and uses values calculated at step 3¢ and step 6

is pefformed for all values of n such that [%—‘ <n< {%—‘ and uses values calculated at step 4.

Y2n+1)=X,,2n+1)+a(X,,(2n)+ X,,,2n+2)) [STEP]]|
Y(2n)=X,,,(2n)+ B(r(2n 1)+ Y(2n +1)) [s7EP2]
Y2n+1)=Y2n+1)+y(Y(2n)+ Y (2n +2)) [STEP3] -11)
Y(2n)=Y(2n)+ (Y(2n-1)+Y(2n +1)) [STEP4]
Y(2n+1)=KY(2n+1) [STEPS]
Y(2n)=(1/K)Y (2n) [STEP6]

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

The palues of such that iy < k < i form the output of the 1DAFILTD; procedure.
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Annex G

DC level shifting and multiple component transformations

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

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

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

This|annex also describes two different multiple component transformations. These multiple component transforingtions
are ysed to improve compression efficiency. They are not related to multiple component transformations used’tof map
coloyr values for display purposes. One multiple component transformation is reversible and may be used [for lospy or
losslpss coding. The other is irreversible and may only be used for lossy coding.

G.1 DC level shifting of tile-components

Figufe G.1 shows the flow of DC level shifting in the system with a multiple component trafisformation.

reconstrficted
sampjle Forward Forward Forward Inverse Inverse Inverse DC samplle
» DClevel —» component —» wavelet coding wavelet [ compenent —» .
. level shift
shift trans. trans. trans. trans.
T.800_FG-1

Figure G.1 — Placement of the DC level shifting with component transformation

Figufe G.2 shows the flow of DC level shifting in the systemawithout a multiple component transformation.
E q E q ! reconstrpicted
samgjle orwar orwar nverse sampfle
» DC level »  wavelet coding wavelet I?eveerlszh]i)ff
shift trans; trans. v
T.800_FG-2

Figure G.2 — Placemént of the DC level shifting without component transformation

G.1.}

DC lJevel shifting is performed on samples of components that are unsigned only. It is performed prior to computation
of a [forward multiplé.component transformation (RCT or ICT), if one is used. Otherwise it is performed prior tp the
wavg¢let transformation described in Annex F. If the MSB of Ssiz' from the SIZ marker segment (see A.5.1) is zerp, all
samples /(x, y)0f the ith component are level shifted by subtracting the same quantity from each sample as follows

DC level shifting of tile-components (informative)

I(x,y) e I(x,y)- 25 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 A.6.1) is zero, all samples I(x, ) of the ith component are level shifted by adding the same quantity from
each sample as follows:

I, y) = I(x, y) + 255 (G-2)
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NOTE - Due to quantization effects, the reconstructed samples /(x, y) may exceed the dynamic range of the original samples.
There is no normative procedure for this overflow or underflow situation. However, clipping the value to the nearest value within
the original dynamic range is a typical solution.

G.2 Reversible multiple component transformation (RCT)

The use of the reversible multiple component transformation is signaled in the COD marker segment (see A.6.1). The
RCT shall be used only with the 5-3 reversible filter. The RCT is a decorrelating transformation applied to the first three
components of an image (indexed as 0, 1 and 2). The three components input into the RCT shall have the same
separation on the reference grid and the same bit-depth.

NOTE — While the RCT is reversible, and thus capable of lossless compression, it may be used in truncated codestreams to
provide lossy compression.

G.2.1 Forward RCT (informative)
Priof to applying the Forward RCT, the image component samples are DC level shifted, for unsigned compofieits.

The Forward RCT is applied to components Iy(x, ), I;(x, y), L,(x, y) as follows:

Yo(x,y):VO(x’y)Jr 211(::)’)7“ Iz(st/)J G-3)
Y ()= 1o (x,y) - 1 (x, y) G-4)
Y (x,p)=1o(x,y) - I (x, ) G-5)

If 1o,| 7, and 7, are normalized to the same precision, then Equations'(G-4) and (G-5) result in a numeric precision pf Y,
and [V, that is one bit greater than the precision of the original components. This increase in precision is necessary to
ensufe reversibility.

G.2.p Inverse RCT

Aftef the inverse wavelet transformation is preformed as described in Annex F, the following Inverse RCT is appligd:

gy pny)-| el e 66
Io(x,y)=Ya(x, )+ I (x, ») G-7)
L(x,y)=Y(x.y)+ L (x,y) G-8)

Aftef applyingthg'Inverse RCT, the unsigned image components are inverse DC level shifted.

G.3 Irreversible multiple component transformation (ICT)

This clause specifies an irreversible multiple component transformation. The use of the irreversible component
transformation is signaled in the COD marker segment (see 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.

G.3.1 Forward ICT (informative)
The Forward ICT is applied to image component samples Io(x, y), I;(x, y), L(x, y), as follows:

Yy (x,y)==0,299 Iy(x, y)— 0,587 I, (x, y) + 0,114 I, (x, y) (G-9)
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Y;(x,y)=-0,16875 Iy(x,y)—0,331260 I;(x,y)+0,5 I,(x,») (G-10)

Y, (x,y)=0,5 Iy(x,y)—0,41869 I;(x,y)—0,08131 I,(x,y) (G-11)

NOTE - If the first three components are Red, Green and Blue components, then the Forward ICT is of a YCbCr transformation.

G.3.2 Inverse ICT

After inverse wavelet transformation is performed as described in Annex F, the following Inverse ICT is applied:

Lol v)=Yy(x, )+ 1,402 Y5 (x,v) (G-12)
L1(x,y) =Yy (x,5) - 0,34413 ¥ (x,y)-0,71414 Y, (x,y) (¢-13)
L (x,y)=Y(x,y)+1,772 %(x.y) (G-14)

Equdtions (G-12), (G-13) and (G-14) do not imply a required precision for the coefficiénts. After applying the Inyerse
ICT,[the unsigned image component samples are inverse DC level shifted.

G4 Chrominance component sub-sampling and the reference grid

The [relationship between the components and the reference grid is signalled in the SIZ marker (see A.5.1) and
desctibed in B.2.
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Annex H

Coding of images with regions of interest

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

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

This annex describes the region of interest (ROI) technology. An ROI is a part of an image that is coded earlier in the
codestream than the rest of the image (the background). The coding is also done in such a way that the information

asso
this
H.1

The
the p

The
follo}

H.2

H.2.

The
encoj
qual

Tated with the ROI precedes the mnformation associated with the background. The method used (and describ
innex) is the Maxshift method.

Decoding of ROI

brocedure specified in this clause is applied only in the case of the presence of an RGN marker segment (indig
resence of an ROI).

procedure realigns the significant bits of ROI coefficients and background coeffici¢nts. It is defined usin
wing steps:

(see A.6.3). The following steps (2, 3 and 4) are applied to each coefficient (u, v) of sub-band b.

2) If Ny(u, v) <M, (see definition of Ny(u, v) in D.2.1 and of M, in"Equation (E-2)), then no modific
takes place.

3) If Ny(u, v) =2 M, and if at least one of the first M, (see détinition in E.1) MSBs (i =1, ..., M) is non-
then the value of N,(u, v) is updated as Ny(u, v) = M,

a) discard the first s MSBs and shift the remaining MSBs s places, as described in Equation (H-1
i= 1, cens Mbl

MSB;,  (b,u,v) ifi+s<Np(u,v)

MSB: (b =
1( ’“’V) { 0 ifi+S>Nb(uaV)

b) update the value of V,(u, v) as given in Equation (H-2):

Nb(u,v)=max (O,Nb(u,v)—s)

Description.of the Maxshift method

I  Encoding of ROI (informative)

encoding of’the quantized transform coefficients is done in a similar way to encoding without any ROIs. A
der side~an ROI mask is created describing which quantized transform coefficients must be encoded with {
ty-(even up to losslessly) in order to encode the ROI with better quality (up to lossless). The ROI mask is a bit

4) If Ny(u, v) =2 M, and if all first M, MSBs are equal-to'zero, then the following modifications are madg:

bd in

ating

b the

1) Get the scaling value, s, from the SPrgn parameter of the RGN matker segment in the codestream

htion

7e10,

, for

H-1)

H-2)

t the
etter
map

desc

‘ihing these coefficients See H 3 for details on how the mask is gpnpm'rpd

The quantized transform coefficients outside of the ROI mask, called background coefficients, are scaled down so that
the bits associated with the ROI are placed in higher bit-planes than the background. This means that when the entropy
coder encodes the quantized transform coefficients, the bit-planes associated with the ROI are coded before the
information associated with the background.

The method can be described using the following steps:

1) Generate ROI mask, M(x, y) (see H.3).
2) Find the scaling value s (see H.2.2).

3) Add s LSBs to each coefficient |qb (u,v)' . The number M’ of magnitude bit-planes will then be:
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M’b=Mb+S (H-3)

where M, is given by Equation (E-2) and the new value of each coefficient is given by:

lgp (u,v) =ap (. v) - 2° (H-4)

4) Scale down all background coefficients given by M(x, y) using the scaling value s (see H.3). Thus, if

|qb (u, v)| is a background coefficient given by M(x, y), then:

AR

Afte

H.2.

The
bit-p|

This
ROI

H.3

The
the a
coef]
Claul
to g4
disjo
desc
the N

H.3.

To a
need
bit-p)

To i
comj

T T =

2S

- these steps the quantized transform coefficients are entropy coded as usual.

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

s 2 max(Mb)

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

Remarks on region of interest coding (informative)

ROI functionality described in H.2 depends only on the,scaling value chosen on the encoder side and hence on
mplitude of the coefficients on the decoder side. Itds up to the encoder to generate a mask that corresponds #
icients that need to be encoded with better quality to yield an ROI with better quality than the backgr
e H.3.1 describes how to generate the ROI mask for a particular region in the image. Clause H.3.2 describes|

int regions. Clause H.3.4 describes a possible way to deal with the increase of coefficient bit depth. Clause 1
fibes how the ROI mask can be extended so as to not correspond exactly to a region in the image domain and
Maxshift method may be used to encode the ROI and the background with different quality.

I Region of interest mask'generation (informative)

chieve an ROI with better quality than the rest of the image while maintaining a fair amount of compression|
to be saved by sending less information for the background. To do this an ROI mask is calculated. The masl
lane indicating a-sefof quantized transform coefficients whose coding is sufficient in order for the receiy

recollstruct the desiredwregion with better quality than the background (up to lossless).

lustrate the,'concept of ROI mask generation, let us restrict ourselves to a single ROI and a single i
ponent, and‘identify the samples that belong to the ROI in the image domain by a binary mask, M(x, y), where:

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

H-5)

scaling value, s, may be chosen so that Equation (H-6) holds, where max(M,) is the largest number of magnjtude
lanes, see Equation (E-1), for any background coefficient, gz5(x, y) in any code-block'in the current componen.

H-6)

guarantees that the scaling value used will be sufficiently large to efisure all the significant bits associated with the

y on
D the
und.
how

nerate the mask in the case of multi-compenent images and H.3.3 describes how to generate the ROI mask for

1.3.5
how

bits
L is a
er to

mage

Milx v)= J 1 wavelet coefficient (x, y) is needed

H-7)

(0 accuracy on (x,y) can be sacrificed without 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 0 outside. In
each step the LL sub-band of the mask is then updated row by row and then column by column. The mask will then
indicate which coefficients are needed at this step so that the inverse wavelet transformation will reproduce the
coefficients of the previous mask.

For example, the last step of the inverse wavelet transformation is a composition of two sub-bands into one. Then to
trace this step backwards, one finds the coefficients of both sub-bands that are needed. The step before that is a
composition of four sub-bands into two. To trace this step backwards, the coefficients in the four sub-bands that are

need

124

ed to give a perfect reconstruction of the coefficients included in the mask for two sub-bands are found.
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All steps are then traced backwards to give the mask. If the coefficients corresponding to the mask are transmitted and
received, and the inverse wavelet transformation calculated on them, the desired ROI will be reconstructed with better
quality than the rest of the image (up to lossless if the ROI coefficients were coded losslessly).

Given below is a description of how the expansion of the mask is acquired from the various filters. Similar methods can

be used for other filters.

H.3.1.1 Region of interest mask generation using the 5-3 reversible filter (informative)

In order to get the optimal set of quantized coefficients to be scaled, the following equations described in this clause

should be used.

To see what coefficients need to be in the mask, the inverse wavelet transformation is studied. Equations (F-5) and (F-6)
give the coefficients needed to reconstruct X2n) and X(2n + 1) losslessly. [t can immediately be seen that these are

Lm))Ln+1), Hn-1), Hmn), Hn + 1) (see Figure H.1). Hence if X(2n) and X(2n + 1) are in the ROI, the listed low
and high sub-band coefficients are in the mask. Notice that X(2n) and X(2n + 1) are even and odd indexed points
respgctively, relative to the origin of the reference grid.

Low

High

n+1

n+1

2n

2n+1

X:s

T.800_FH-1

Figure H.1 — The inverse wavelet transformation with the 5-3 reversible filter

H.3.1.2 Region of interest mask generation‘using the 9-7 irreversible filter (informative)

Sucdessful decoding does not depend upo¢n;the selection of samples to be scaled. In order to get the optimal det of
quanitized coefficients to be scaled the following equations described in this clause should be used.

To sge what coefficients need to bg inrthe mask, the inverse wavelet transformation is studied as in H.3.1.1. Figur¢ H.2
shows this X(2n) and X(2n + 1) drejeven and odd indexed points respectively, related to the origin of the reference grid.

Figure H.2 — The inverse wavelet transformation with the 9-7 irreversible filter
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The coefficients needed to reconstruct X(2n) and X(2n + 1) losslessly can immediately be seen to be L(n — 1) to L(n + 2)
and H(n —2) to H(n + 2). Hence if X(2n) and X(2n + 1) are in the ROI, those Low and High sub-band coefficients are in
the mask.

H.3.2  Multi-component remark (informative)

For the case of colour images, the method applies separately in each colour component. If some of the colour
components are down-sampled, the mask for the down-sampled components is created in the same way as the mask for
the non-down-sampled components.

H.3.3  Disjoint regions remark (informative)

If the ROI consists of disjoint parts, then all parts have the same scaling value s.

H.3. Implementation precision remark (informative)

This|ROI coding method might in some cases create situations where the dynamic range is exceeded. This is howWever
easily solved by simply discarding the least significant bit-planes that exceed the limit due to thendown-scpling
opergition. The effect will be that the ROI will have better quality than the background, even though thetentire bit stream
is decoded. It might however create problems when the image is coded with ROIs in a lossless,moede. Discarding|least
significant bit-planes for the background might result in the background not being coded losslessly and in the wors{ case
not Yeing reconstructed at all. This depends on the dynamic range available.

H.3.5  An example of the usage of the Maxshift method (informative)

The Maxshift method, as described above, allows the user/application to specify-multiple regions of arbitrary shape,
whidh will be assigned higher priority compared to the rest of the image. The miethod does not require encodifg or
decoding of the ROI shape.

The Maxshift method allows the implementers of an encoder to exploitanumber of functionalities that are supportg¢d by
a compliant decoder. For example, it is possible to use the Maxshiftumethod to encode an image with different qgality
for the ROI and the background. The image is quantized so that the ROI gets the desired quality (lossy or lossless) and
then [the Maxshift method is applied. If the image is encoded progressively by layer, not all of the layers of the wavelet
coefficients belonging to the background need be encoded. This corresponds to using different quantization steps for the
ROIJand the background.

If th¢ ROI is to be encoded losslessly, the most optimal, set of wavelet coefficients giving a lossless result for the ROI is
desctfibed by the mask generated using the algorithims described in H.3.1 However, the Maxshift method supporfs the
use ¢f any mask since the decoder does not need-to generate the mask. Thus, it is possible for the encoder to inclugle an
entirp 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 qf the
entirp sub-band. In other words, the wser can decide in which sub-band he will start coding ROI and thus, it i not
necepsary to wait for the entire ROFbefore receiving any information for the background.
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Annex I

JP2 file format syntax

(This annex forms an integral part of this Recommendation | International Standard.
This annex is optional for the minimum decoder.)

In this annex, the flow charts and tables are normative only in the sense that they are defining an output that alternative
implementations shall duplicate.
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annex defines an optional file format that applications may choose to use to wrap JPEG 2000 compressed i

While not all applications will use this format, many applications will find that this format meet$ {their n
ever, those applications that do implement this file format shall implement it as described in this entire ‘annex.

annex:
—  specifies a binary container for both image and metadata;

—  specifies a mechanism to indicate image properties, such as the tonescale or Colourspace of the imag

information in the file;

—  specifies a mechanism by which metadata (including vendor-specific information) can be includ
files specified by this Recommendation | International Standard:

Introduction to the JP2 file format

JPEG 2000 file format (JP2 file format) provides a foundatign)for storing application specific data (metada

cations require a similar set of information to be associated with the compressed image data, it is useful to d
brmat of that set of data along with the definition of the‘compression technology and codestream syntax.

eptually, the JP2 file format encapsulates the JPEG 2000 codestream along with other core pieces of inform
t that codestream. The building-block of the:JP2 file format is called a box. All information contained withi
file is encapsulated in boxes. This Recomihendation | International Standard defines several types of boxed
ition of each specific box type defines the-kinds of information that may be found within a box of that type. §
s will be defined to contain other boxes.

File identification

iles can be identified using'several mechanisms. When stored in traditional computer file systems, JP2 files s}
ven the file extension '"\jp2" (readers should allow mixed case for the alphabetic characters). On Macintos]
ms, JP2 files should be given the type code 'jp2\040'.

File organization

D file represents a collection of boxes. Some of those boxes are independent, and some of those boxes contain
s. The bihary structure of a file is a contiguous sequence of boxes. The start of the first box shall be the first by
le, an@the last byte of the last box shall be the last byte of the file.

binary structure of a box is defined in 1.4.

mage
eeds.
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>

—  specifies a mechanism by which readers may recognize the existence of intellectual property fights

ed in

a) in

iation with a JPEG 2000 codestream, such as information which is required to display the image. As many

efine

ation
h the
; the
bome
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n file
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te of

Logically, the structure of a JP2 file is as shown in Figure I.1. Boxes with dashed borders are optional in conforming
JP2 files. However, an optional box may define mandatory boxes within that optional box. In that case, if the optional
box exists, those mandatory boxes within the optional box shall exist. If the optional box does not exist, then the
mandatory boxes within those boxes shall also not exist.
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JP2 file
JPEG 2000 Signature box (I.5.1)

File Type box (1.5.2)
JP2 Header box (superbox) (1.5.3)

Image Header box (1.5.3.1)

Bits Per Component box (1.5.3.2)
Colour Specification box 0 (1.5.3.3)

| Colour Specification box 7 — 1 (1.5.3.3) |

Capture Resolution box (1.5.3.7.1)

| o
| : Pl
e /1
| :— N
| NY
| ! |
| I

Default Display Resolution box (1.5.3.7.2)

UUID List box (I1,7.3.1)

Data Entry URL-box (1.7.3.2)

T.800_FI.1

Figure I.1 — Conceptual structure of a JP2 file

Figute 1.1 specifies only-the containment relationship between the boxes in the file. A particular order of those boxes in
the file is not generally/ implied. However, the JPEG 2000 Signature box shall be the first box in a JP2 file, thd File
Typg box shall immediately follow the JPEG 2000 Signature box and the JP2 Header box shall fall befor¢ the
Confliguous Codestream box.

The file shown in Figure 1.1 is a strict sequence of boxes. Other boxes may be found between the boxes defined i this

Recqmmendation | International Standard. However, all information contained within a JP2 file shall be in thqd box
fo £ l‘\ytp streams not in the box format shall not be found in the file

As shown in Figure 1.1, a JP2 file contains a JPEG 2000 Signature box, JP2 Header box, and one or more Contiguous
Codestream boxes. A JP2 file may also contain other boxes as determined by the file writer. For example, a JP2 file
may contain several XML boxes (containing metadata) between the JP2 Header box and the first Contiguous
Codestream box.
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L.2.3 Greyscale, colour, palette, multi-component specification

The JP2 file format provides two methods to specify the colourspace of the image. The enumerated method specifies the
colourspace of an image by specifying a numeric value that specifies the colourspace. In this Recommendation |
International Standard, images in the sSRGB colourspace and greyscale images can be defined using the enumerated
method.

The JP2 file format also provides for the specification of the colourspace of an image by embedding a restricted form of
an ICC profile in the file. That profile shall be of either the Monochrome or Three-Component Matrix-Based class of
input profiles as defined by the ICC Profile Format Specification, ICC.1:1998-09. This allows for the specification of a
wide range of greyscale and RGB class colourspaces, as well as a few other spaces that can be represented by those two
profile classes. See J.9 for a more detailed description of the legal colourspace transforms, how those transforms are
stored in the file, and how to process an image using that transform without using an ICC colour management engine.
While restricted, these ICC profiles are fully compliant ICC profiles and the image can thus be processed through any
ICC [compliant engine that supports profiles as defined in ICC.1:1998-09.

In addition to specifying the colourspace of the image, this Recommendation | International Standard proyides a njeans
by which a single component palettized image can be decoded and converted back to multiple-component form bly the
tranglation from index space to multiple-component space. Any such depalettization is 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.

1.2.4 Inclusion of opacity channels

The JP2 file format provides a means to indicate the presence of auxiliary channels (Such as opacity), to define the| type
of thpse channels, and to specify the ordering and source of those channels (whetherthey are directly extracted frogn the
codeptream or generated by applying a palette to a codestream component). When a reader opens the JP2 file, i{ will
detefmine the ordering and type of each component. The application must, then match the component definition and
ordefing from the JP2 file with the component ordering as defined by the colourspace specification. Once th¢ file
components have been mapped to the colour channels, the decompressed 1mage can be processed through any ndeded
coloyirspace transformations.

ny applications, components other than the colour channels;are required. For example, many images used on web
contain opacity information; the browser uses this infermation to blend the image into the background. It if thus
desifable to include both the colour and auxiliary channels within a single codestream.

How| applications deal with opacity 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 boxes, and all boxes.have types, the format provides a simple mechanism for a reader to extract relgvant
infomation, while ignoring any box)that contains information that is not understood by that particular reader. In this
way) new boxes can be created, éither through this or other Recommendations | International Standards or plvate
implpmentation. Also, any néw box added to a JP2 file shall not change the visual appearance of the image.

1.2.6 Conformancé-with the file format

All donforming files/shall contain all boxes required by this Recommendation | International Standard, and those Hoxes
shalll be as defined in this Recommendation | International Standard. Also, all conforming readers shall cordectly
interpret all réquired boxes defined in this Recommendation | International Standard and thus shall correctly interprﬂzt all
confprmingtiles.

1.3 ——Greyscate/CotourPatettized/mmulti-component specificatiomarchitecture

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.
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1.3.1 Enumerated method

The simplest method for characterizing the colourspace of an image is to specify an integer code representing the
colourspace in which the image is encoded. This method handles the specification of sSRGB, greyscale, and sYCC
images. Extensions to this method can be used to specify other colourspaces, including the definition of multi-
component images.

For example, the image file may indicate that a particular image is encoded in the SRGB colourspace. To properly
interpret and display the image, an application must natively understand the definition of the sRGB colourspace.
Because an application must natively understand each specified colourspace, the complexity of this method is
dependent on the exact colourspaces specified. Also, complexity of this mechanism is proportional to the number of
colourspaces that are specified and required for conformance. While this method provides a high level of
interoperability for images encoded using colourspaces for which correct interpretation is required for conformance, this
metHod 1s very inflexible. This Recommendafion | Infernafional Standard defines a specific sef of colourspacds for

An gpplication may also specify the colourspace of an image using two restricted types of ICC profiles. This m¢thod
handles the specification of the most commonly used RGB and greyscale class colourspaces through'a low-complexity

An JCC profile is a standard representation of the transformation required to convert,one) colourspace into anpther
coloyirspace. With respect to the JP2 file format, an ICC profile defines how decempressed samples fron} the
codeptream are converted into a standard colorspace (the Profile Connection Space (PCS)). Depending on the original
colopirspace of the samples, this transformation may be either very simple or very.complex.

The [CC Profile Format Specification defines two specific classes of ICC profiles that are simple to implement, referred
to wiithin the profile specification as Monochrome Input and Three-Component Matrix-Based Input Profiles. These
profiles limit the transformation from the source colourspace to the P€Sxy7 to the application of a non-linearity ¢urve
and § 3 x 3 matrix. It is practical to expect all applications, includinig simple devices, to be able to process the ijnage
throygh this transformation. Thus all conforming applications are{tequired to correctly interpret the colourspace of any
image that specifies the colourspace using this subset of possibl¢ZlCC profile types.

For the JP2 file format, profiles shall conform to the ICC profile definition as defined by the ICC Profile Fqrmat
Spedification, ICC.1:1998-09, as well as the restrictions;specified above. See J.9 for a more detailed description gf the
legal colourspace transforms, how those transforms-are stored in the file, and how to process an image using that
trangform without using an ICC colour management.engine.

L.3.3 Using multiple methods

ArcHitecturally, the format allows for multiple methods to be embedded in a file and allows other standards to define
addifional enumerated methods and te_define extended methods. This provides readers conforming to those extensipns a
choige as to what image processing path should be used to interpret the colourspace of the image. However, thq 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 thaff first
method and ignore all othermethods (in additional Colourspace Specification boxes) found in the file.

1.3.4 Palettized-images

In addition to specifying the interpretation of the image in terms of colourspace, this Recommendation | Internafjional
Stanflard allowsvfor the decoding of a single component where the value of that single component represents an fndex
into [a palétte' of colours. Input of a decompressed sample to the palette converts the single value to a mulfiple-
component tuple. The value of that tuple represents the colour of that sample that tuple shall then be interpfeted
acco e erate e

sample had been directly extracted from multiple components in the codestream.

L3.5 Interactions with the decorrelating multiple component transform

The specification of colour within the JP2 file format is independent of the use of a multiple component transformation
within the codestream (the CSsiz parameter of the SIZ marker segment as specified in A.5.1 and in Annex G). The
colourspace transformations specified through the sequence of Colour Specification boxes shall be applied to the image
samples after the reverse multiple component transformation has been applied to the decompressed samples. While the
application of these decorrelating component transformations is separate, the application of an encoder-based multiple
component transformation will often improve the compression of colour image data.
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L.3.6 Key to graphical descriptions (informative)

Each box is described in terms of its function, usage, and length. The function describes the information contained in
the box. The usage describes the logical location and frequency of this box in the file. The length describes which
parameters determine the length of the box.

These descriptions are followed by a figure that shows the order and relationship of the parameters in the box.
Figure 1.2 shows an example of this type of figure. A rectangle is used to indicate the parameters in the box. The width
of the rectangle is proportional to the number of bytes in the parameter. A shaded rectangle (diagonal stripes) indicates
that the parameter is of varying size. Two parameters with superscripts and a grey area between indicate a run of several
of these parameters. A sequence of two groups of multiple parameters with superscripts separated by a grey area
indicates a run of that group of parameters (one set of each parameter in the group, followed by the next set of each
parameter in the group). Optional parameters or boxes will be shown with a dashed rectangle.

8-bif parameter 32-bit parameter Run of N parameters
c| D 1‘5 G° GN HO 1 Mo My

Variable size parameter Run of M sets of parameters
Figure 1.2 — Example of the box description figures

The figure is followed by a list that describes the meaning of each pararueter in the box. If parameters are repeate, fthe d
length and nature of the run of parameters is defined. As an exampley in Figure 1.2, parameters C, D, E and F are 8-f 16-,
32-bjt and variable length respectively. The notation G’ and G™- implies that there are N different parameters, G| in a
row.| The group of parameters H” and HY', and J° and JM¢\specify that the box will contain H’, followed Hy I°,
followed by H' and J', continuing to H™" and JM' (M instancés of each parameter in total). Also, the field E is optjonal
and may not be found in this box.

Aftet the list is a table that either describes the allewed parameter values or provides references to other tableq that
describe these values.

In addition, in a figure describing the contents'of a superbox, an ellipsis (...) will be used to indicate that contents ¢f the
file between two boxes is not specifically ‘defined. Any box (or sequence of boxes), unless otherwise specified bly the
defirfition of that box, may be found in'place of the ellipsis.

For ¢xample, the superbox showm inFigure 1.3 must contain an AA box and a BB box, and the BB box must folloyv the
AA pox. However, there may, be other boxes found between boxes AA and BB. Dealing with unknown boxes is

discyssed in 1.8.
% % T.800_FI-3

Figure 1.3 — Example of the superbox description figures

1.4 Box definition

Physically, each object in the file is encapsulated within a binary structure called a box. That binary structure is as
in Figure 1.4:

| 7T

LBox TBox | 2 XLBox ____ T.800_Fl-4

DBox

Figure 1.4 — Organization of a box
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LBox:

TBox:

Box Length. This field specifies the length of the box, stored as a 4-byte big endian unsigned
integer. This value includes all of the fields of the box, including the length and type. If the value of
this field is 1, then the XLBox field shall exist and the value of that field shall be the actual length
of the box. If the value of this field is 0, then the length of the box was not known when the LBox
field was written. In this case, this box contains all bytes up to the end of the file. If a box of length
0 is contained within another box (its superbox), then the length of that superbox shall also be 0.
This means that this box is the last box in the file. The values 2-7 are reserved for ISO use.

Box Type. This field specifies the type of information found in the DBox field. The value of this
field is encoded as a 4-byte big endian unsigned integer. However, boxes are generally referred to
by an ISO/IEC 646 character string translation of the integer value. For all box types defined within
this Recommendation | International Standard, box types will be indicated as both character string
(normative) and as 4-byte hexadecimal integers (informative). Also, a space character is shown in

XLBox:

DBox:

the character string translation of the box type as "\040". All values of TBox not defined withif this
Recommendation | International Standard are reserved for ISO use.

Box Extended Length. This field specifies the actual length of the box if the value of the IBox|field
is 1. This field is stored as an 8-byte big endian unsigned integer. The value includes all of the fields
of the box, including the LBox, TBox and XLBox fields.

Box Contents. This field contains the actual information contained within ¢his*box. The format of
the box contents depends on the box type and will be defined individually for€ach type.

Table 1.1 — Binary structure of a box

Field name Size (bits) Value
0,1, or
LBox 32 8 to (232_ 1
TBox 32 Variable
64 16 to (2%-1); if LBox = 1
XLBox 0 Not applicable; if LBox # 1
DBox Variable Variable

For ¢xample, consider the illustration in Figure 1.5 of a sequence of boxes, including one box that contains other bo

XCS:

Box 0

Box 1

Box 2

Box 3

Box 4

LBox,

N S

LBox,

LBox,

LBox

Figure 1.5 — Illustration of box lengths

LBOX4 T.80

h_FI-5

AS SITOWTT ill Figuw I.J, l.ht? 16115&1 Uf Cdbh ‘UU)& iubludca diry ‘UU)&Cb bUllldillCL‘l Wil.hill I.hdl. ‘UU)&. FU[ C)&dlllpit?, LilC 1C11E,I.h Of
Box 1 includes the length of Boxes 2 and 3, in addition to the LBox and TBox fields for Box 1 itself. In this case, if the
type of Box 1 was not understood by a reader, it would not recognize the existence of Boxes 2 and 3 because they
would be completely skipped by jumping the length of Box 1 from the beginning of Box 1.

Table 1.2 lists all boxes defined by this Recommendation | International Standard. Indentation within the table indicates
the hierarchical containment structure of the boxes within a JP2 file.
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Box name Type Superbox Required? Comments
. '1P\040\040' . This box uniquely identifies the file as
X eing part of the amily of files.
JPEG 2000 Signature box (0X6A50 2020 No Required bei £ the JPEG 2000 familv of fil
This bo.x §pec@ﬁes file type, Versipn and
. 'fryp' . compat.lblh.ty mforma_tlon, 1nc1udlpg
File Type box (0x6674 7970) No Required specifying if this file is a conforming JP2
file or if it can be read by a conforming JP2
reader.
2l ‘ This box gonlaimiesm-mr
JP2|Header box (0x6A70 3268) Yes Required contain header-type information aboutithe
file.
'ihdr' . This box specifies the size of the, image pnd
mage Header box (0x6968 6472) No Required | ot related fields.
boee! This box specifies the bit'depth of the
its Per Component box o ptiona components 1n the filexn cases where the bit
Bits Per C b (0x62$0 6363) N Optional in the fileji here thg bi
epth 1s not constant across all compongnts.
depth i 11
Colour Specification box (0x63%(11“1r6C72) No Required g;sgle)ox speqffigs the colourspace of th
elr! This bexspecifies the palette which magps a

Palette box (0x70r6)3 6C72) No Optional single.component in index space to a

multiple-component image.

Component Mapping 'cmap' No Optional This box specifies the mapping between|a

box (0x636D 6170) P palette and codestream components.

This box specifies the type and ordering|of
- ‘cdef’ . the components within the codestream, 3s

(Channel Definition box (0x6364 6566) No Optional well as those created by the application pf a

palette.

Resolution box (0x 7r§s6\§)4;% 20) Yes Optional This box contains the grid resolution.
Capture Resolution 'resc’ NG Optional This box specifies the grid resolution at
box (0x7265 7363) which the image was captured.

Default Display 'resd’ No Optional This box specifies the default grid resolytion
Resolution box (0x7265 7364) P at which the image should be dis played
Corftiguous Codestream box (0x6 /i%cn 63) No Required E)}Ilill:gzxczntalns the codestream as defjned
Yp2i . This box contains intellectual property
Inteflectual Property box (0x6AT0 3269) No Optional | ;. ¢ rmation about the image.
eml\040" This box provides a tool by which vend¢rs
XML box (0x786D 6C20) No Optional can add XML formatted information to
JP2 file.
uid' This box provides a tool by which vend¢rs
UUID box (0x7575 6964) No Optional can add additional information to a file
without risking conflict with other vendgrs.
"inf This box provides a tool by which a vendor
UUID Info box Yes Optional may provide access to additional
(0x7569 6E66) information associated with a UUID.
UID List box 'ulst' No Optional This box specifies a list of UUIDs.
\UAIJUJ IJI""}
'url\040' . This box specifies a URL.
URL box w No Optional P
(0x7572 6C20)
L5 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 1.4. The following clauses 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.
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L51 JPEG 2000 Signature box

The JPEG 2000 Signature box identifies that the format of this file was defined by the JPEG 2000 Recommendation |
International Standard, as well as provides a small amount of information which can help determine the validity of the
rest of the file. The JPEG 2000 Signature box shall be the first box in the file, and all files shall contain one and only
one JPEG 2000 Signature box.

The type of the JPEG 2000 Signature box shall be 'JP\040\040' (0x6A50 2020). The length of this box shall be 12 bytes.
The contents of this box shall be the 4-byte character string '<SCR><LF><0x87><LF>' (0x0DOA 870A). For file
verification purposes, this box can be considered a fixed-length 12-byte string which shall have the value:
0x0000 000C 6A50 2020 0DOA 870A.

The combination of the particular type and contents for this box enable an application to detect a common set of file
transpssion—errors—rhe-CR-I-E-sequence—in-the-contents—catches—bad—file—transfers—that-alter-newlne-sequences; The
final|linefeed checks for the inverse of the CR-LF translation problem. The third character of the box contents hfs its

hightbit set to catch bad file transfers that clear bit 7.

L.5.2 File Type box

The File Type box specifies the Recommendation | International Standard which completely defines<all of the corjtents
of thfs 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. Thi§ box
shalll immediately follow the JPEG 2000 Signature box. This differentiates between the. sfandard which completely
descfibes the file, from other standards that interpret a subset of the file.

All fjles shall contain one and only one File Type box.

The type of the File Type Box shall be 'ftyp' (0x6674 7970). The contents of this'box shall be as in Figure 1.6:

| |
BR MinV LN R at
I 1 |

T.800_FI-6

Figure 1.6 — Organization of the contents of a File Type box

BR: Brand. This field specifies the Recommendation | International Standard which completely dgfines
this file. This field is specified by a four-byte string of ISO/IEC 646 characters. The value of this
field is defined in Table I.3:

Table 1.3 — Legal Brand values

Value Meaning
'ip2\040: IS 15444-1, Annex I (This Recommendation | International Standard)
other-yalues Reserved for other ISO uses

Inraddition, the Brand field shall be considered functionally equivalent to a major version numpber.
A major version change (if there ever is one), representing an incompatible change in the JP2 file
format, shall define a different value for the Brand field.

If the value of the Brand field is not 'jp2\040', then a value of 'jp2\040' in the Compatibility list
indicates that a JP2 reader can interpret the file in some manner as intended by the creator df the
tile.

MinV: Minor version. This parameter defines the minor version number of this JP2 specification for which
the file complies. The parameter is defined as a 4-byte big endian unsigned integer. The value of
this field shall be zero. However, readers shall continue to parse and interpret this file even if the
value of this field is not zero.

CL: Compatibility list. This field specifies a code representing this Recommendation | International
Standard, another standard, or a profile of another standard, to which the file conforms. This field is
encoded as a four-byte string of ISO/IEC 646 characters. A file that conforms to this
Recommendation | International Standard shall have at least one CL' field in the File Type box, and
shall contain the value 'jp2\040' in one of the CL' fields in the File Type box, and all conforming
readers shall properly interpret all files with 'jp2\040' in one of the CL' fields
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If one of the CL! fields contains the value "J2P0" then the first codestream contained within this JP2
file is restricted as described for Profile-0 from Table A.45.

If one of the CL! fields contains the value "J2P1" then the first codestream contained within this JP2
file is restricted as described for Profile-1 from Table A.45.

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.

Table 1.4 — Format of the contents of the File Type box

1.5.3

Field name Size (bits) Value
BR 32 T (2—1)
MinV 32 0
cL! 32 0 to (2>~ 1)

JP2 Header box (superbox)

The JJP2 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 Hgader
box nay be located anywhere within the file after the File Type box but before the Contiguotus Codestream box. If also
must be at the same level as the JPEG 2000 Signature and File Type boxes (it shall.not be inside any other supgrbox

within the file).

The type of the JP2 Header box shall be 'jp2h' (0x6A70 3268).

This|box contains several boxes. Other boxes may be defined in other standards and may be ignored by conforpning
read¢rs. Those boxes contained within the JP2 Header box that are defed within this Recommendation | Internatjional

Stanflard are as in Figure 1.7:

77
ipdr | ®e» ,'//b

I//}% ses [colr I/CZ?

ihdr:

bpcec:

colr":

pelr:

777 8 ///'

/’/ ?//’ ///% ////Q

Figure 1.7 — Organization of the contents of a JP2 Header box

u

Image Header box. This box specifies information about the image, such as its height and width. Its
structure is specifiedin I.5.3.1. This box shall be the first box in the JP2 Header box.

Bits Per Compeneint box. This box specifies the bit depth of each component in the codestream|after
decompression.-Its structure is specified in 1.5.3.2. This box may be found anywhere in thg JP2
Header bex,provided that it comes after the Image Header box.

Colour-Specification boxes. These boxes specify the colourspace of the decompressed image. Their
struetures are specified in 1.5.3.3. There shall be at least one Colour Specification box withip the
JP2 Header box. The use of multiple Colour Specification boxes provides the ability for a degoder
to be given multiple optimization or compatibility options for colour processing. These boxes| may
be found anywhere in the JP2 Header box provided that they come after the Image Header boy. All
Colour Specification boxes shall be contiguous within the JP2 Header box.

Palette box. This box defines the palette to use to create multiple components from a sjingle
component. Its structure is specified in 1.5.3.4. This box may be found anywhere in the JP2 H¢ader

cmap:

cdef:

res:

box provided that it comes after the Image Header box.

Component Mapping box. This box defines how image channels are identified from the actual
components in the codestream. Its structure is specified in 1.5.3.5. This box may be found anywhere
in the JP2 Header box provided that it comes after the Image Header box.

Channel Definition box. This box defines the channels in the image. Its structure is specified
in [.5.3.6. This box may be found anywhere in the JP2 Header box provided that it comes after the
Image Header box.

Resolution box. This box specifies the capture and default display grid resolutions of the image. Its
structure is specified in 1.5.3.7. This box may be found anywhere in the JP2 Header box provided
that it comes after the Image Header box.
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I.5.3.1 Image Header box

This box contains fixed length generic information about the image, such as the image size and number of components.
The contents of the JP2 Header box shall start with an Image Header box. Instances of this box in other places in the file
shall be ignored. The length of the Image Header box shall be 22 bytes, including the box length and type fields. Much
of the information within the Image Header box is redundant with information stored in the codestream itself.

All references to "the codestream" in the descriptions of fields in this Image Header box apply to the codestream found
in the first Contiguous Codestream box in the file. Files that contain contradictory information between the Image
Header box and the first codestream are not conforming files. However, readers may choose to attempt to read these
files by using the values found within the codestream.

The type of the Image Header box shall be 'thdr' (0x6968 6472) and contents of the box shall have the format as in

Figupe1-8-

HEIGHT:

WIDTH:

NC:

BPC:

HEIGHT WIDTH NC

BPC
C
UnkC
IPR

T.800_FI-8

Figure 1.8 — Organization of the contents of an Image Header box

Image area height. The value of this parameter indicates the height’of the image area. This|field
is stored as a 4-byte big endian unsigned integer. The value (of)this field shall be Ysiz — YPsiz,
where Ysiz and YOsiz are the values of the respective)fields in the SIZ marker i the
codestream. See Figure B.1 for an illustration of the\image area. However, reference| grid
points are not necessarily square; the aspect ratio0f a“reference grid point is specified bl the
Resolution box. If the Resolution box is not present, then a reader shall assume that refefence
grid points are square.

Image area width. The value of this parameter indicates the width of the image area. This|field
is stored as a 4-byte big endian unsigned integer. The value of this field shall be Xsiz — XPsiz,
where Xsiz and XOsiz are the values of the respective fields in the SIZ marker if the
codestream. See Figure B.1 for @n illustration of the image area. However, reference| grid
points are not necessarily squarej the aspect ratio of a reference grid point is specified by the
Resolution box. If the Resolittion box is not present, then a reader shall assume that refefence
grid points are square.

Number of components:* This parameter specifies the number of components in the codestyeam
and is stored as a(2-byte big endian unsigned integer. The value of this field shall be eqyal to
the value of the Csiz field in the SIZ marker in the codestream.

Bits per coniponent. This parameter specifies the bit depth of the components ir the
codestrgam; minus 1, and is stored as a 1-byte field.

If the bit depth and the sign are the same for all components, then this parameter specifieg that
bit7depth and shall be equivalent to the values of the Ssiz' fields in the SIZ marker ip the
codestream (which shall all be equal). If the components vary in bit depth and/or sign, thep the
value of this field shall be 255 and the JP2 Header box shall also contain a Bits Per Comp¢nent
box defining the bit depth of each component (as defined in 1.5.3.2).

The low 7-bits of the value indicate the bit depth of the components. The high-bit indicates
whether the components are signed or unsigned. If the high-bit is 1, then the compopents
contain signed values. If the high-bit is 0, then the components contain unsigned values.

P

UnkC:

CUulPlebiUu type: Thts paramctet bpcuiﬁca the qullJlebiUu alg\niﬂuu usedto COMPITSS 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.

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 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.
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Intellectual Property. This parameter indicates whether this JP2 file contains intellectual
property rights information. If the value of this field is 0, this file does not contain rights
information, and thus the file does not contain an IPR box. If the value is 1, then the file does
contain rights information and thus does contain an IPR box as defined in 1.6. Other values are
reserved for ISO use.

Table 1.5 — Format of the contents of the Image Header box

1.5.3{2

Bits Per Component box

Field name Size (bits) Value
HEIGHT 32 1to (2*-1)
WIDTH 32 10 (232 1)

NC 16 1to 16384

BPC 8 See Table 1.6
C 8 7

Unk 8 Otol

IPR 8 Oto1

Table 1.6 — BPC values

Values (bits) Component sample precision
MSB LSB
x000 0000 Component bit depth = value + 1. From’} bit deep through 38 bits
to deep respectively (counting the signdity if appropriate)
x010 0101
0XXX XXXX Components are unsigned values
1XXX XXXX Components are signed values
1111 1111 Components vary in bit.depth
All other values resetved for ISO use

The [Bits Per Component box specifies the. bit depth of each component. If the bit depth of all components ifi the
codeptream is the same (in both sign and pteeision), then this box shall not be found. Otherwise, this box specifigs 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\ecodestream. The exact location of this box within the JP2 Header box may|vary

provjded that it follows the Image Header box.

Therg shall be one and only one Bits Per Component box inside a JP2 Header box.

The |type of the Bits PernE€omponent Box shall be 'bpcc' (0x6270 6363). The contents of this box shall be ps in

Figufe 1.9:
AN
= O
3 & T.800_FL.9
Figure 1.9 — Organization of the contents of a Bits Per Component box
BPC:  Bits per component. This parameter specifies the bit depth of component i, minus 1, encoded as a

1-byte value. The ordering of the components within the Bits Per Component Box shall be the same
as the ordering of the components within the codestream. The number of BPC' fields shall be the
same as the value of the NC field from the Image Header box. The value of this field shall be
equivalent to the respective Ssiz' field in the SIZ marker in the codestream.

The low 7-bits of the value indicate the bit depth of this component. The high-bit indicates whether
the component is signed or unsigned. If the high-bit is 1, then the component contains signed values.
If the high-bit is 0, then the component contains unsigned values.
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Table 1.7 — Format of the contents of the Bits Per Component box

Field name

Size (bits) Value

BPC

8 See Table 1.8

Table 1.8 — BPC' values

Values (bits)

Component sample precision

MSB LSB
x000 0000 Component bit depth = value + 1. From 1 bit deep through 38 bits
@ deep respectively (counting the sign bit, 1T appropriate)
x010 0101

0XXX XXXX

Components are unsigned values

1XXX XXXX

Components are signed values

All other values reserved for ISO use

1.5.313  Colour Specification box

Eacll Colour Specification box defines one method by which an application can intérpret the colourspace o
decompressed image data. This colour specification is to be applied to the image data‘after it has been decompr
and fter any reverse decorrelating component transform has been applied to the image data.

A JP2 file may contain multiple Colour Specification boxes, but must contain atleast one, specifying different me
for achieving "equivalent" results. A conforming JP2 reader shall ignore all Colour Specification boxes after the
Howfever, readers conforming to other standards may use those boxes as-defined in those other standards.

The type of a Colour Specification box shall be 'colr' (0x636F 6C72)."The contents of a Colour Specification box

in Figure 1.10:

| | &
ol il W

Figure 1.10 —QOrganization of the contents of a Colour Specification box

f the
pssed

hods
first.

1S as

METH: Specification- method. This field specifies the method used by this Colour Specification bgx to
define (the colourspace of the decompressed image. This field is encoded as a 1-byte unsj
integes. The value of this field shall be 1 or 2, as defined in Table 1.9.

ened
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Table 1.9 — Legal METH values

Value Meaning
1 Enumerated Colourspace. This colourspace specification box contains the enumerated value of the colourspace
of this image. The enumerated value is found in the EnumCS field in this box. If the value of the METH field is 1,
then the EnumCS shall exist 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 PCSyxyz, and shall
conform to either the Monochrome Input or Three-Component Matrix-Based Input profile class, and contain all
the required tags specified therein, as defined in ICC.1:1998-09. As such, the value of the Profile Connection
Space field in the profile header in the embedded profile shall be ‘XYZ\040’ (0x5859 5A20) indicating that the

outnut colourspace of the profile is in the XY 7 colourspace
+ T T s

Any private tags in the ICC profile shall not change the visual appearance of an image processed using this IG¢
profile.

The components from the codestream may have a range greater than the input range of the tone reprodugtion cjirve
(TRC) of the ICC profile. Any decoded values should be clipped to the limits of the TRC before proeessing thd
image through the ICC profile. For example, negative sample values of signed components may\b¢ clipped to 4ero
before processing the image data through the profile.

See J.9 for a more detailed description of the legal colourspace transforms, how those transforms are stored in fhe
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 PROF|LE
field shall be the last field in the box.

othgr values

Reserved for other 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 Colout Specification box.

PREC: Precedence. This field is reserved for ISO use and the value shall be set to zero; howgver,

conforming readers shall ignore the value of thisAi¢ld. This field is specified as a signed 1}byte
integer.

APPROX: Colourspace approximation. This field specifies the extent to which this colour specificption

method approximates the "correct" definition of the colourspace. The value of this field [shall
be set to zero; however, conformingeaders shall ignore the value of this field. Other vplues
are reserved for other ISO use. This field is specified as 1-byte unsigned integer.

EnumcCsS: Enumerated colourspace. This.field specifies the colourspace of the image using integer cpdes.

To correctly interpret the colour of an image using an enumerated colourspace, the applicption
must know the definition"ef’that colourspace internally. This field contains a 4-byte big epdian
unsigned integer value-ifidicating the colourspace of the image. If the value of the METH|field
is 2, then the EnumiCS field shall not exist. Valid EnumCS values for the first colourgpace
specification box ifr’conforming files are limited to 16, 17, and 18 as defined in Table 1.10;

Table 1.10 — Legal EnumCS values

Yalue 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 giyen
in Equations (2) through (4) of IEC 61966-2-1 (sSRGB) specification:
Y’ =Ygy / 255 a-h
for (Y' <0,04045), Y, =Y" /12,92 I-»
, 2,4
for (Y >0,04045), Y;;, = Y+0055
1,055
where Y;, is the linear image luminance value in the range 0.0 to 1.0. The image luminance values should be inter-
preted relative to the reference conditions in Section 2 of IEC 61966-2-1.
18 sYCC as defined by IEC 61966-2-1 Amd. 1

NOTE - It is not recommend to use ICT or RCT specified in Annex G with sYCC image data. See J.15 for
guidelines on handling YCC codestreams.

other values

Reserved for other ISO uses
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PROFILE: ICC profile. This field contains a valid ICC profile, as specified by the ICC Profile Format
Specification, which specifies the transformation of the decompressed image data into the PCS.
This field shall not exist if the value of the METH field is 1. If the value of the METH field is
2, then the ICC profile shall conform to the Monochrome Input Profile class or the Three-
Component Matrix-Based Input Profile class as defined in ICC.1:1998-09.

Table I.11 — Format of the contents of the Colour Specification box

Field name Size (bits) Value
METH 8 1to2
PREC R 0
APPROX 8 0
EnumCS 32 if METH = | 0to (2°-1)
0if METH =2 no value
PROFILE Variable Variable; see the ICC Profile Format
Specification, version ICC.1:1998-09.

1.5.3l14 Palette box

This|box specifies a palette that can be used to create channels from components. However, the Palette box does not
spec]fy the creation of any particular channel; the creation of channels based on the ‘application of the palette| to a
component is specified by the Component Mapping box. The colourspace or meaning of the generated changel is
spec]fied by the Channel Definition box (or specified through the defaults defined-in the specification of the Chgnnel
Defipition box if the Channel Definition box does not exist). If the JP2 Headerbox contains a Palette box, then it|shall
also pontain a Component Mapping box. If the JP2 Header box does not conitain a Palette box, then it shall not confain a

Comjponent Mapping box.
Therg shall be at most one Palette box inside a JP2 Header box.

The fype of the Palette box shall be "pclr' (0x7063 6C72). The cantents of this box shall be as in Figure [.11:

NE NPC| B° g Co. 0 (0. NPC 1
o (R
AL
—>
»CNE- 1,0 (CNE - 1, NPC - 1
T.800_FI-11

Figure 1.11 — Organization of the contents of the Palette box

NE: Number of entries in the table. This value shall be in the range 1 to 1024 and is encoded as a 2-byte
big endian unsigned integer.

NPC: Number of palette columns specified in the Palette box. For example, if the palette is to be used to
map a single index component into a three-component RGB image, then the value of this field shall
be 3. This field is encoded as a 1-byte unsigned integer.

B': This parameter specifies the bit depth of values created by palette column 7, encoded as a 1-byte big
endian integer. The low 7-bits of the value indicate the bit depth of this palette column. The high-bit
indicates whether the palette column is signed or unsigned. If the high-bit is 1, then the palette
column contains signed values. If the high-bit is 0, then the palette column contains unsigned
values. The number of B' values shall be the same as the value of the NPC field.
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Clt, The value for entry j for palette column i. C¥ values are organized in component major order; all of
the values for entry j are grouped together, followed by all of the values for entry j+ 1. In the
example given above, this table would therefore read R, G;,B; ,R,,G; B, etc. The size of C" is the
value specified by field B'. The number of palette columns shall be the same as the NPC field. The
number of C" values shall be the number of palette columns (the NPC field) times the number of
entries in the palette (NE). If the value of B' is not a multiple of 8, then each C" value is padded with
zeros to a multiple of 8 bits and the actual value shall be stored in the low-order bits of the padded
value. For example, if the value of B' is 10 bits, then the individual C" values shall be stored in the
low 10 bits of a 16-bit field.

Table 1.12 — Format of the contents of the Palette box

Field name Size (bits) Value
NE 16 1 to 1024
NPC 8 1 to 255
B' 8 See Table I.13
Ch Variable Variable
Table 1.13 — B' values
Values (bits) "
MSB LSB Palette column sample precision
x00 OtOO 000 Palette column bit depth = value + 1,/Ftom 1 bit deep through
%010 0101 38 bits deep respectively (counting'thessign bit, if appropriate)

0XXX XXXX Palette column values are ungsigned values

1XXX XXXX Palette column values are signed values

All other values reserved for ISO use.

L.5.315 Component Mapping box

The Component Mapping box defines how image*channels are identified from the actual components decoded fromn the
codeptream. This abstraction allows a single stricture (the Channel Definition box) to specify the colour or type of|both
paleftized images and non-palettized images™This box contains an array of CMP', MTYP' and PCOL' fields. Each group
of thiese fields represents the definition of‘ene 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.

Therg shall be at most one Compenent Mapping box inside a JP2 Header box.

If th¢ JP2 Header box contaifis ja‘Palette box, then the JP2 Header box shall also contain a Component Mapping b¢x. If

the JP2 Header box does niof’contain a Component Mapping box, the components shall be mapped directly to charjnels,
such|that component i is‘mapped to channel i.

The [type of the Component Mapping box shall be ‘cmap’ (0x636D 6170). The contents of this box shall be ps in
Figufe 1.12:

MTYPY
pCOL?
MTYP?
PCOL™

cmp? CMP"

T.800_FI-12

Figure 1.12 — Organization of the contents of a Component Mapping box
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CMP": This field specifies the index of component from the codestream that is mapped to this channel
(either directly or through a palette). This field is encoded as a 2-byte big endian unsigned integer.

MTYP": This field specifies how this channel is generated from the actual components in the file. This
is encoded as a 1-byte unsigned integer. Legal values of the MTYP" field are as in Table I.14:

Table 1.14 — MTYP' field values

field

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 CMP" field for this channel.

i I

Dolott 3 Tl oo
T arSteeapPpPit THS-Crit

the palette to use is specified in the PCOL' field for this channel.

index of the coniponent mapped into the palette is seciﬁed in the CMP' field for this channel. The columﬁ from

2|to 255 Reserved for ISO use

1.5.3l6 Channel Definition box

The [Channel Definition box specifies the meaning of the samples in each channel in the image. The exact locati

this

actugl components from the codestream to channels is specified in the Component Mapping box. If the JP2 Heade

doe

codeptream.
Therg shall be at most one Channel Definitionbox inside a JP2 Header box.

This|box contains an array of channel descriptions. For each description, three values are specified: the index g
chanpel described by that associatien)‘the type of that channel, and the association of that channel with parti
colors. This box may specify multiple descriptions for a single channel.

Ifa

red, green and blue coloutsias channels 0, 1 and 2 in the codestream, respectively.

The type of the Channel Definition box shall be 'cdef' (0x6364 6566). The contents of this box shall be as in Figure
N cn® Typo Asoc? cnV -l TypN - 1AsocY ~ 1
T.800_FI-13

PCOL': This field specifies the index component from the palette that is used to map thetactual comp

field for this channel is 0, then the value of this field shall be 0.

Table 1.15 — Format of the contents of the Component Mapping box

Field name Size (bits) Value
CMP! 16 0to 16384
MTYP! 8 0to1l
PCOL' 8 0 to 255

box within the JP2 Header box may vary provided. that it follows the Image Header box.The mapping bet

s|not contain a Component Mapping box, then a reader shall map component i to channel i, for all components i

ultiple component transform is specified within the codestream, the image must be in an RGB colourspace an

nent

from the codestream. This field is encoded as a 1-byte unsigned integer. If the Value of the M[TYP'

n of
veen
" box
n the

f the

cular

d the

I.13:

Figure 1.13 — Organization of the contents of a Channel Definition box
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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
field 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 decompressed samples in this channel. This field is encoded as a 2-byte
big endian unsigned integer. Legal values of this field are shown in Table 1.16:

Table 1.16 — Typ' field values

Y

V alue 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 valde of the
channel (related to the bit depth of the codestream component or the related palette component mapped to this
channel) indicates a 100% opaque sample. All opacity channels shall be mapped from unsigh€d 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:

S, =Sx &)
r (xmax

where S is the original sample, S, is the pre multiplied sample (the saniple stored in the image, o is the value of the

opacity channel, and o.,,,, is the maximum value of the opacity chdnfiel as defined by the bit depth of the opacify

f=>

channel.
3td (2%~ 2) | Reserved for ISO use
p1e_ 1 The type of this channel is not specified.

Asoc:  Channel association. This field specifies the index of the colour for which this channel is directly
associated (or a special value to indigate the whole image or the lack of an association)| For
example, if this channel is an opacity’channel for the red channel in an RGB colourspace, this|field
would specify the index of the colour red. Table 1.17 specifies legal association values. Tabld I.18
specifies legal colour indices. This field is encoded as a 2-byte big endian unsigned integer.

Table .17 — Asoc' field values

Y

Y alue Meaning

0 This channel is associated as the image as a whole (for example, an independent opacity channel that should be
applied to all color channels).

1

=

d (2'°~2) | This channélis’associated with a particular colour as indicated by this value. This value is used to associate a
particularChannel 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 1.18.

pLo_ 1

This channel is not associated with any particular colour.
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Table 1.18 — Colours indicated by the Asoc' field

Class of Colour indicated by the following value of the Asoc' field
colourspace
1 2 3 4
RGB R G B
Greyscale Y
YC,C, Y Gy C,
The following colourspace classes are listed for future reference, as well as to aid in under
standing of the use of the Asoc field:
XYZ X Y Z
Lab L a b
Luv L u \%
YGCoC, Y Gy C,
Yxy Y X y
HSV H S \%
HLS H L S
CMYK C M Y K
CMY C M Y
Jab J a b
co?oflcr);gzzes ! 2 < 4

The [values in Table 1.18 specify indices that have been assigned\to represent specific "colours” and do not ref
speclfic channels (or components within the codestream or palefte). Readers must use the information contained w
the hannel Definition box to determine which channels contain which colours.

In this box, channel indices are mapped from particulagcomponents within the codestream or palette. Colour in
speclfy how a particular channel shall be interpreted ‘based on the specification of the colourspace of the image. 1

er to
ithin

ices
'here

shalll be one channel definition in this box for every colour required by the colourspace specification of this fifle as

specfied by the Colourspace Specification box:

For ¢xample, the green colour in an RGB image is specified by a {Cn, Typ, Asoc} value of {i, 0, 2}, where i i
index of that channel (either directly or as generated by applying the reverse multiple component transform to the a
components in the codestream). Applications that are only concerned with extracting the colour channels can tres
Typ/Asoc field pair as a four-byte value where the combined value maps directly to the colour indices (as the Typ
for afcolour channel shall be 0).

In aIO‘cher example, the codestream may contain a channel i that specifies opacity blending samples for the req
green channels, and a_channel j that specifies opacity blending samples for the blue channel. In that file, the follo
{Cn, Typ, Asoc} tuples’'would be found in the Channel Definition box for the two opacity channels: {7, 1, 1}, {i,
and {j, 1, 3}.

Therg shall not'be more than one channel in a JP2 file with a the same Typ' and Asoc' value pair, with the excepti
Typ'|and,Asec' values of 2'°- 1 (not specified). For example a JP2 file in an RGB colourspace shall only contai

s the
ctual
t the
field

and
wing
L, 2}

bn of
one

acity

ehannel, and a greyscale image shall contain only one grey channel. There shall be either exactly one op

ONEC PIre-17 PIICA OPA NANNC 0 1l ne (1 W 1 no 010 NANN N Aan MAocC

If the codestream contains only colour channels and those channels are ordered in the same order as the associated
colours (for example, an RGB image with three channels in the order R, G, then B), then this box shall not exist. If there
are any auxiliary channels or the channels are not in the same order as the colour indices, then the Channel Definition

box (see Table 1.19) shall be found within the JP2 Header box with a complete list of channel definitions.
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Table 1.19 — Format of the Channel Definition box

Parameter Size (bits) Value
N 16 1to (2"~ 1)
Cn' 16 0to (2"~ 1)
Typ' 16 0to (2~ 1)
Asoc! 16 0to (2"~ 1)

L1.5.3.7 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.
Therp shall be at most one Resolution box inside a JP2 Header box.
The fype of a Resolution box shall be 'res\040' (0x7265 7320). The contents of the Resolution box are as’in Figure I.14:
r-———77 T 77 |
I I I
| resc | resd !
L ] I
T.800_FI-14
Figure 1.14 — Organization of the contents of the Resoltition box
resc: Capture Resolution box. This box specifies the grid résolution at which this image was captpred.
The format of this box is specified in 1.5.3.7.1.
resd: Default Display Resolution box. This box specifies the default grid resolution at which this ifnage
should be displayed. The format of this box is‘specified in 1.5.3.7.2
L.5.317.1 Capture Resolution box
This|box specifies the grid resolution at which the source*was digitized to create the image samples specified by the
codeptream. For example, this may specify the resolution of the flatbed scanner that captured a page from a book| The
captyre grid resolution could also specify the resolution of an aerial digital camera or satellite camera.
The pvertical and horizontal capture grid reseldtions are calculated using the six parameters (Table 1.20) stored in this
box In the following two equations, respectively:
VRcN
VRc=———x10"R¢ (1-4)
VRcD
HRcN
HRe =" x10RE (1-5)
‘ReD
The alues KR¢vand HRc are always in reference grid points per meter. If an application requires the grid resolutipn in
another unifythen 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
in Figure [.15:
m | m
VReN | VReD | HReN | HReD | &2 | &
>~ | =
T.800_FI-15
Figure 1.15 — Organization of the contents of the Capture Resolution box
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VReN:

VReD:

HRcN:

HRcD:

Vertical Capture grid resolution numerator. This parameter specifies the VRcN value in
Equation (I-4), which is used to calculate the vertical capture grid resolution. This parameter is
encoded as a 2-byte big endian unsigned integer.

Vertical Capture grid resolution denominator. This parameter specifies the VRcD value in
Equation (I-4), which is used to calculate the vertical capture grid resolution. This parameter is
encoded as a 2-byte big endian unsigned integer.

Horizontal Capture grid resolution numerator. This parameter specifies the HRcN value in
Equation (I-5), which is used to calculate the horizontal capture grid resolution. This parameter is
encoded as a 2-byte big endian unsigned integer.

Horizontal Capture grid resolution denominator. This parameter specifies the HRcD value in
Equation (I-5), which is used to calculate the horizontal capture grid resolution. This parameter is

1.5.317.2 Default Display Resolution box

VRcE:

HRCcE:

encoded as a Z-byte big endian unsigned mteger.

Vertical Capture grid resolution exponent. This parameter specifies the VRcE-‘valug in
Equation (I-4), which is used to calculate the vertical capture grid resolution. This(paramefer is
encoded as a twos-complement 1-byte signed integer.

Horizontal Capture grid resolution exponent. This parameter specifies theVHRcE valye in
Equation (I-5), which is used to calculate the horizontal capture grid resolution. This paramefer is
encoded as a twos-complement 1-byte signed integer.

Table 1.20 — Format of the contents of the Capture Resolution'box

Field name Size (bits) Value
VReN 16 1to (2"~ 1)
VRcD 16 1to (2"~ 1)
HRcN 16 1to (2"~ 1)
HRcD 16 1to (2%~ 1)
VRcE 8 -128 to 127
HRCE 8 ~128 to 127

This[box specifies a desired display grid resolutién. 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

detefmine an appropriate display size for that application.

The fvertical and horizontal display_grid resolutions are calculated using the six parameters (Table 1.21) stored i1 this

box In the following two equations,.respectively:

VRAN
VRd = ——x10"RE (1-6)
HR
HRd = HRAN 1 oHRAE 1-7)
HRAD
The alnac IR J and IID J orn ol 2o raforainan et d o dodc aa o ot If o amaliooti o o atenc tha oo d o liats bn in

araeS—rra-ahafrrca-afre-arw u_yo T TOTICIonC oG PpPOImtS—por HReter—t—ah PP Ao TOq U OS5t C—Er1cr eSOttt

another unit, then that application must apply the appropriate conversion.

The type of a Default Display Resolution box shall be 'resd' (0x7265 7364). The contents of the Default Display
Resolution box are as in Figure 1.16:

2] 2]
VRAN | VRAD | HRAN | HRdD | 2 | 2
> | =
T.800_FI-16

Figure 1.16 — Organization of the contents of the Default Display Resolution box
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VRdAN: Vertical Display grid resolution numerator. This parameter specifies the VRIN value in
Equation (I-6), which is used to calculate the vertical display grid resolution. This parameter is
encoded as a 2-byte big endian unsigned integer.

VRdAD: Vertical Display grid resolution denominator. This parameter specifies the VRdD value in
Equation (I-6), which is used to calculate the vertical display grid resolution. This parameter is
encoded as a 2-byte big endian unsigned integer.

HRdAN: Horizontal Display grid resolution numerator. This parameter specifies the HRIN value in
Equation (I-7), which is used to calculate the horizontal display grid resolution. This parameter is
encoded as a 2-byte big endian unsigned integer.

HRdAD: Horizontal Display grid resolution denominator. This parameter specifies the HRdD value in
Equation (I-7), which is used to calculate the horizontal display grid resolution. This parameter is
encoded as a 2-byte big endian unsigned integer.

VRAE: Vertical Display grid resolution exponent. This parameter specifies the VRJE-‘valug in
Equation (I-6), which is used to calculate the vertical display grid resolution. This(paramefer is
encoded as a twos-complement 1-byte signed integer.

HRJAE: Horizontal Display grid resolution exponent. This parameter specifies the VHRJE valye in
Equation (I-7), which is used to calculate the horizontal display grid resolution. This paramefer is
encoded as a twos-complement 1-byte signed integer.

Table 1.21 — Format of the contents of the Default Display Resolution box
Field name Size (bits) Value
VRAN 16 1to (2"~ 1)
VRdD 16 1to (2"~ 1)
HRAN 16 1to (2"~ 1)
HRdD 16 1to (2'%-1)
VRAE 8 —128 to 127
HRdE 8 —128 to 127
L5.4 Contiguous Codestream box

The Contiguous Codestream box contains a valid and complete JPEG 2000 codestream, as defined in Annex A. When
displaying the image, a conforming readershall ignore all codestreams after the first codestream found in thef file.

Confliguous Codestream boxes may be foutidjanywhere 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 ps in

Figufe 1.17:

Code:

Figure I.17 — Organization of the contents of the Contiguous Codestream box

Code

T.800_FI-17

This field contains a valid and complete JPEG 2000 codestream as specified by Annex A.

Table 1.22 — Format of the contents of the Contiguous Codestream box

Field name

Size (bits)

Value

Code

Variable

Variable
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I.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.

In general, an IPR box found at the top level of the file specifies IPR for the file as a whole. IPR boxes may be found at
other locations, including inside superboxes defined by other Recommendations | International Standards. For those IPR
boxes, the rights specified refer to the entity defined by the containing superbox.

L7 Adding vendor-specific information to the JP2 file format
The [following boxes provide a set of tools by which applications can add vendor-specific informatjon to the JP? file
format. All of the following boxes are optional in conforming files and may be ignored by conformingteaders.
L.71 XML boxes
An XML box contains vendor-specific information (in XML format) other than the information contained within Qoxes
defirled by this Recommendation | International Standard. There may be multiple XML ‘boxes within the file, and those
boxgs may be found anywhere in the file except before the File Type box.
The type of an XML box is 'xmI\040' (0x786D 6C20). The contents of the box shall be as in Figure 1.18:
DATA
T.800_Fi18
Figure 1.18 — Organization of the contents of the XML box
DATA: This field shall contain a well-formed XML document as defined by REC-xml-19980210.
The gxistence of any XML boxes is optional for conforming files. Also, any XML box shall not contain any informption
necepsary for decoding the image to the extent(that is defined within this Recommendation | International Standard, and
the dorrect interpretation of the contents ©f;any XML box shall not change the visual appearance of the imagg. All
read¢rs may ignore any XML box in the file.
1.7.2 UUID boxes
A UUID box contains vendor-spécific information other than the information contained within boxes defined wWithin
this Recommendation | Intetnational Standard. There may be multiple UUID boxes within the file, and those boxes| may
be fqund 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 in Figure 1.19:
[N R B B B/
7.800_FI-19
Figure 1.19 — Organization of the contents of the UUID box

ID: This field contains a 16-byte UUID as specified by ISO/IEC 11578. The value of this UUID
specifies the format of the vendor-specific information stored in the DATA field and the
interpretation of that information.

DATA: This field contains the vendor-specific information. The format of this information is defined
outside of the scope of this Recommendation | International Standard, but is indicated by the value
of the UUID field.
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Table 1.23 — Format of the contents of a UUID box

Field name Size (bits) Value
UUID 128 Variable
DATA Variable Variable

The existence of any UUID boxes is optional for conforming files. Also, any UUID box shall not contain any
information necessary for decoding the image to the extent that is defined within this part of this Recommendation |
International Standard, and the interpretation of the information in any UUID box shall not change the visual
appearance of the image. All readers may ignore any UUID box.

L.7.3

Whi
prov
the ¢
Info

LD Info boxes (qnpprhmﬂ

de information in a standard form which can be used by non-extended applications to get more information

the JP2 file itself) except before the File Type box.

Thes
the f]

The

1.7.3

This
List

le, and possibly may provide multiple references for the same UUID.

ype of a UUID Info box shall be 'uinf' (0x7569 6E66). The contents of a UUID Info\box are as in Figure 1.20:

UList DE

T.800_FI-20

Figure 1.20 — Organization of the contents of a UUID Info box

inl73.2

1 UUID List box

box shall be as in Figure 1.21:

e it is useful to allow vendors to extend JP2 files by adding information using UUID boxes, it is also uselul to

bout

xtensions in the file. This information is contained in UUID Info boxes. A JP2 file may contain zero.or,thore YUUID
boxes. These boxes may be found anywhere in the top level of the file (the superbox of a UUID\Info box shgll be

e boxes, if present, may not provide a complete index for the UUIDs in the file, may reference UUIDs not usgd in

UList: UUID List box. This box contains a list of\UUIDs for which this UUID Info box specifies a lipk to
more information. The format of the UUID List box is specified in 1.7.3.1.
DE: Data Entry URL box. This box comtains a URL. An application can acquire more information gbout

the UUIDs contained in the UUID List box. The format of a Data Entry URL box is spedified

box contains a list of UUIDs. Thetype of a UUID List box shall be ‘ulst” (0x756C 7374). The contents of a JUID

NU

IDO IDNU -1

Figure 1.21 — Organization of the contents of a UUID List box

NU: Number of UUIDs. This field specifies the number of UUIDs found in this UUID List box.

field is encoded as a 2-byte big endian unsigned integer.

T.80q Fl-21

This

ID": ID. This field specifies one UUID, as specified in ISO/IEC 11578, which shall be associated

with

the URL contained in the URL box within the same UUID Info box. The number of UUID' fields

shall be the same as the value of the NU field. The value of this field shall be a 16-byte UUID.

Table 1.24 — UUID List box contents data structure values

Parameter Size (bits) Value
NU 16 0to (2'-1)
UuID! 128 0to (2'%-1)
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1.7.3.2 Data Entry URL box

This box contains a URL which can use used by an application to acquire more information about the associated
vendor-specific extensions. The format of the information acquired through the use of this URL is not defined in this
Recommendation | International Standard. The URL type should be of a service which delivers a file (e.g., URLs of
type file, http, ftp, etc.), which ideally also permits random access. Relative URLs are permissible and are relative to the
file containing this Data Entry URL box.

The type of a Data Entry URL box shall be 'url\040' (0x7572 6C20). The contents of a Data Entry URL box shall be as
in Figure 1.22:

FLAG LOC

MERS

T.800_FI-22

Figure 1.22 — Organization of the contents of a Data Entry URL box

VERS: Version number. This field specifies the version number of the format of this box and is encodgd as
a 1-byte unsigned integer. The value of this field shall be 0.

FLAG: Flags. This field is reserved for other use to flag particular attributes ofithis box and is encoded as a
3-byte unsigned integer. The value of this field shall be 0.

LOC: Location. This field specifies the URL of the additional information associated with the UPIDs
contained in the UUID List box within the same UUID Info superbox. The URL is encoded as g null
terminated string of UTF-8 characters.

Table 1.25 — Data Entry URL box contents{data structure values

Parameter Size (bits) Value
VERS 8 0
FLAG 24 0
LOC varies varies
L.8 Dealing with unknown boxes

A conforming JP2 file may contain boxes not known to applications based solely on this Recommendatjon |
Interpational Standard. If a conformingreader finds a box that it does not understand, it shall skip and ignore that bpx.
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Annex J

Examples and guidelines

(This annex does not form an integral part of this Recommendation | International Standard)

This annex includes a number of examples intended to indicate how the encoding process works, and how the resulting
codestream should be output. This annex is entirely informative.

J1 Software conventions adaptive entropy decoder

This|annex provides some alternate flowcharts for a version of the adaptive entropy decoder. This alternate versionf may
be more efficient when implemented in software, as it has fewer operations along the fast path.

The plternate version is obtained by making the following substitutions. Replace the flowchart in Figune ‘C'20 with the
flowphart in Figure J.1. Replace the flowchart in Figure C.15 with the flowchart in Figure J.2. Replace the flowchrt in
Figufe C.19 with the flowchart in Figure J.3.

INITDEC

BP = BPST
C = (B XOR 0xFF) << 16

!

BYTEIN

v

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

Done

T.800_FJ-1

Figure J.1 — Initialization of the software-conventions decoder
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DECODE

A=A - Qe(I(CX))

Yes Chigh < A? No

\ No \
A AND 0x8000 = 0?

Chigh = Chigh - A
Yes ¢
D =MPS_EXCHANGE D = MPS(CX) D =LPS_EXCHANGE
RENORMD RENORMD

T.800_FJ-2

Y
Return D

Figure J.2 — Decoding an MPS or an LPS’in the software-conventions decoder

BYTEIN

Yes BP=BP+1

B1 > 0x8F? C=C+ 0xFF00 — (B <<8)
CT=38
Y A
BP=BP+1
C =C+0xFE00 — (B << 9) CT=8
CT=7

A
‘ Done
T.800_FJ-3

Figure J.3 — Inserting a new byte into the C register in the software-conventions decoder
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J.2 Selection of quantization step sizes for irreversible transformations

For irreversible compression, no particular selection of the quantization step size is required in this Recommendation |
International Standard. Different applications may specify the quantization step sizes according to specific tile-
component characteristics. One effective way of selecting the quantizer step size for each sub-band b is to scale a
default step size A, by taking into account the horizontal and vertical filtering procedures which produced these
sub-band coefficients. One method consists in scaling A; with an energy weight parameter v, (the amount of squared
errors introduced by a unit error in a transformed coefficient of sub-band b) in the following way [12]:

Ay =Dd (3-1)

ny

J.3 Filter impulse responses corresponding to lifting-based irreversible filtering procedures

The |irreversible filtering procedures described in Annex F implement the 9-tap/7-tap Cohen-Daubechies-Feayveau
convpolutional filter bank [20], [21]. Equivalent impulse responses of the analysis and synthesisfilters are givgn in
Tablps J.1 and J.2.

Table J.1 — Definition of impulse responses for the 9-7 irreversible analysis'filter bank

n Low-pass filter Approximate value
2
0 —5x1(48|x2| —16%, + 3] /32 0.602'949 018 236 360
+1 - 5xl(8|x2|2 - Esz) /8 0.266 864 118 442 875
2
© —5x1(4|x2| — 43, - 1) /16 ~0.078 223 266 528 990
+3 —5x;(Rx,)/ 8 —0.016 864 118 442 875
+4 —5x, /64 0.026 748 757 410 810
n High+pass filter Approximate value
1 {6x; —1)/8x 1.115 087 052 457 000
2,0 —(16x; — 1)/ 32x, ~0.591 271 763 114 250
3,1 (2x; +1)/16x —0.057 543 526 228 500
4,2 —-1/32x 0.091 271 763 114 250
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Table J.2 — Definition of impulse responses for the 9-7 irreversible synthesis filter band

n Low-pass filter Approximate value
0 (6x,—1)/ 8x, 1.115 087 052 457 000
+1 (16x, —1)/32x 0.591 271 763 114 250
+ (2x; +1)/16x —0.057 543 526 228 500
+3 1/32x —0.091 271 763 114 250

n High-pass filter Approximate value
1 ~ 5[ 48| 169t +3]/32 0.602 949 018 236 360
0,2 5x1(8|x2|2 - mzj /8 ~0.266 864 118 442 875
1,3 —5x1[4|x2|2 — 4%, — 1) /16 ~0.078 223 266 528 990
2.4 5x(Rx,)/ 8 0.016 864 118 442 875
3,5 —5x,/ 64 0.026 748 757.440 811

J4 Example of discrete wavelet transformation

Tablg J.3 contains the integer-valued samples /(x, y) of a tile component thatds 13 samples wide and 17 samples high.

Table J.3 — Source tile component samples

I(x,y) 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12
0 0 1 2 3 4 5 6 7 8 9 10 | 11 | 12
1 1 1 2 3 4 5 6 7 8 9 10 | 11 | 12
2 2 2 2 3 4 5 6 7 8 9 10 | 11 12
3 3 3 3 4 5 5 6 7 8 9 10 | 11 | 12
4 4 4 4 5 5 6 7 8 8 9 10 | 11 12
5 5 5 5 5 6 7 7 8 9 10 | 11 12 |1 13
6 6 6 6 6 7 7 8 9 10 | 10 | 11 12 | 13
7 7 7 7 7 8 8 9 9 10 | 11 12 | 13 13
8 8 8 8 8 8 9 10 | 10 | I1 12 | 12 | 13 | 14
9 9 9 9 9 9 10 | 10 | 11 | 12 | 12 | 13 | 14 [ 15
10 10 | 10 [ 10 | 10 | 10 | 11 11 12 112 | 13 [ 14 | 14 | 15
11 11 11 | 11 11 | 11 12 (12 (1313|1414 15] 16
12 12 (12 )12 | 12 | 12 | 13 13 13114 ] 15|15 16 | 16
13 13 13 ] 13 13 13 13 14| 14 | 15 15116 | 17 | 17
14 14114 |14 | 14| 14| 14| 15| 15|16 | 16 | 17 | 17 [ 18
15 15 15 15 I5 15 15 16 16 17 17 18 I8 19
16 16 [ 16 [ 16 [ 16 [ 16 [ 16 [ 17 ( 17 [ 17 [ 18 | 18 | 19 | 20
J.4.1 Example of 9-7 irreversible wavelet transformation

Tables J.4, 1.5, J.6, J.7, 1.8, J.9 and J.10 contain the coefficients of the sub-bands 2LL, 2HL, 2LH, 2HH, 1HL, 1LH,
1HH resulting from the two-level decomposition with the 9-7 irreversible transformation of the source tile component
samples given in Table J.3 (see Figure F.18). The coefficients' values displayed in the tables have been rounded to the
nearest integer.
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