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International Organization for Standardization) and
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IEC (the International

Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

I nformation technology — JPEG 2000 image coding system:
An entry level JPEG 2000 encoder

1 Scope

This Recommendation | International Standard was developed by the Joint Photographic Experts Group (JPEG), the
joint ISO/I-TU committee responsible for developing standards for continuous-tone still picture coding. It also refers to
the Recommendations | International 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 14495-1.

1.1 Context

This Redommendation | International Standard defines a set of lossless (bit-preserving) and lossy comptession
for coding bi-level, continuous-tone greyscale, palletized colour, or continuous-tone colour digital-still ima
Recommendation | International Standard:

12 Requirements
This subglause contains a list of requirements for the definitions\of'an entry-level encoder.

An entrytlevel JPEG 2000 encoder implementation (this Recommendation | International Standard):

2 References

The follgwing Reconimendations and International Standards contain provisions which, through reference in
constitutg provisions’of this Recommendation | International Standard. At the time of publication, the editions
id. All;Recommendations and Standards are subject to revision, and parties to agreements based
ndatlon | Internatlonal Standard are encouraged to 1nvest1gate the p0551b111ty of applylng the mqg

methods

bes. This

specifies normative but optional encoding processes for converting source|ihage data to JPEG 2000

compressed image data;

specifies a complete encoding path to produce a conforming codestréam as defined in Part 1 Annex A

(ITU-T Rec. T.800 | ISO/IEC 15444-1);
provides guidance on encoding processes for converting source.image data to compressed image

provides guidance on how to implement these processes in practice.

shall be normative but optional; implementers shall be allowed to select necessary technolog
that would suite their application needs;

shall define a JPEG 2000 Part L'codestream encoder implementation; should define a JP2 fi
encoder implementation;

data;

ies/paths

e format

shall define a complete encoding path to produce a conforming codestream as defined in Anhex A of

ITU-T Rec. T.800 | ISOAEC 15444-1:2004;

shall consist of technology with clear IP status being royalty fee-free.

this text,

indicated
| on this

st recent

currently

valid Intematlonal Standards The Telecommumcatlon Standardlzatlon Bureau of the ITU mamtalns a hst of currently
valid ITU-T Recommendations.

2.1 Identical Recommendations | I nternational Standards
ITU-T Recommendation T.81 (1992)|ISO/IEC 10918-1:1994, Information technology — Digital

compression and coding of continuous-tone still images. Requirements and guidelines.

ITU-T Recommendation T.84 (1996) | ISO/IEC 10918-3:1997, Information technology — Digital

compression and coding of continuous-tone still images: Extensions.

I TU-T Rec. T.812 (08/2007)


https://iecnorm.com/api/?name=c09d8b84b4136bf1f3985738f694cde8

| SO/I EC 15444-13:2008 (E)

— ITU-T Recommendation T.86 (1998)|ISO/IEC 10918-4:1999, Information technology — Digital
compression and coding of continuous-tone still images. Registration of JPEG profiles, SPIFF profiles,
SPIFF tags, SPIFF colour spaces, APPn markers, SPIFF compression types and Registration
Authorities (REGAUT).

— ITU-T Recommendation T.87 (1998) | ISO/IEC 14495-1:2000, Information technology — Lossless and
near-lossless compression of continuous-tone still images: Baseline.

— ITU-T Recommendation T.88 (2000) | ISO/IEC 14492:2001, Information technology — Lossy/lossless
coding of bi-level images.

—  ITU-T Recommendation T.800 (2002) | ISO/IEC 15444-1:2004, Information technology — JPEG 2000
image coding system: Core coding system.

— ITU-T Recommendation T.801 (2002) | ISO/IEC 15444-2:2004, Information technology — JPEG 2000
image coding system: Extensions.

— ITU-T Recommendation T.803 (2002) | ISO/IEC 15444-4:2004, Information technology — JPEG 2000
image coding system: Conformance testing.

—  ITU-T Recommendation T.804 (2002) | ISO/IEC 15444-5:2003, Information technology.— JPEG 2000
image coding system: Reference software.

3 Definitions

For the purposes of this Recommendation | International Standard, the following definitions apply. The definitions
defined |n ITU-T Rec. T.800 | ISO/IEC 15444-1:2004 clause 3 also apply tosthis Recommendation | Intgrnational
Standard|

31 5-3 reversible filter (5-3R): A particular filter pair used in the,wavelet transformation. This reversjble filter
pair has § taps in the low-pass and 3 taps in the high-pass.

3.2 9-7irreversiblefilter (9-71): A particular filter pair useddnjthe wavelet transformation. This irreversjble filter
pair has 9 taps in the low-pass and 7 taps in the high-pass.

3.3 arithmetic coder: An entropy coder that converts<variable length strings to variable length codes (dncoding)
and visa [versa (decoding).

34 bit-plane: A two-dimensional array of bits. In this Recommendation | International Standard, a [bit-plane
refers to fall the bits of the same magnitude in all.cgefficients or samples. This could refer to a bit-plane in a component,
tile-component, code-block, region of interest, or'other.

35 bit stream: The actual sequence of bits resulting from the coding of a sequence of symbols. It [does not
include the markers or marker segments in the main and tile-part headers or the EOC marker. It does include any packet
headers 4nd in stream markers and marker segments not found within the main or tile-part headers.

3.6 channel: One logical cemponent of the image. A channel may be a direct representation of one cqmponent
from the|codestream, or may(bg generated by the application of a palette to a component from the codestream.

3.7 cleanup pass:wAcoding pass performed on a single bit-plane of a code-block of coefficients. The first pass
and only| coding pass~for'the first significant bit-plane is a cleanup pass; the third and the last pass of every rpmaining
bit-plane|is a cleantp pass.

38 codestream: A collection of one or more bit streams and the main header, tile-part headers, and fthe EOC

required [fof théir decoding and expansion into image data. This is the image data in a compressed form with pll of the
signalling-needed-to-decode-

39 code-block: A rectangular grouping of coefficients from the same sub-band of a tile-component.
3.10 coder: An embodiment of either an encoding or decoding process.
311 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.

3.12 coefficient: The values that are the result of a transformation.

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

2 I TU-T Rec. T.812 (08/2007)
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314 context: Function of coefficients previously decoded and used to condition the decoding of the present
coefficient.
3.15 decoder: An embodiment of a decoding process, and optionally a colour transformation process.

3.16 decoding process: A process which takes as its input all or part of a codestream and outputs all or part of a
reconstructed image.

3.17 decomposition level: A collection of wavelet sub-bands where each coefficient has the same spatial impact or
span with respect to the source component samples. These include the HL, LH, and HH sub-bands of the same two
dimensional sub-band decomposition. For the last decomposition level, the LL sub-band is also included.

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

3.19 encoder: An embodiment of an encoding process.
3.20 encoding process: A process, that takes as its input all or part of a source image data\and ¢utputs a
codestream.

321 file format: A codestream and additional support data and information not explicitly required for the
decoding of codestream. Examples of such support data include text fields providing titling,”security and historical
informatjon, data to support placement of multiple codestream within a given data file, and*data to support ¢xchange
between [platforms or conversion to other file formats.

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

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

3.24 image area: A rectangular part of the reference grid, registered\by offsets from the origin and the ext¢nt of the
referencg grid.

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

3.26 irreversible: A transformation, progression,.system, quantization, or other process that, due to sygtemic or
quantizafion error, disallows lossless recovery. An irreversible process can only lead to lossy compression.

3.27 JP2 file: The name of a file in the file(format described in this Recommendation | International Btandard.
Structurdlly, a JP2 file is a contiguous sequence of boxes.

3.28 JPEG: Used to refer globally to the encoding and decoding process of the following
Recommiendations | International Standards:

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

— ITU-T Recommendation T.83 (1994) | ISO/IEC 10918-2:1995, Information technology-{ Digital
compression-and coding of continuous-tone still images: Compliance testing.

— ITU-P).Recommendation T.84 (1996) | ISO/IEC 10918-3:1997, Information technology-{ Digital
comphession and coding of continuous-tone still images. Extensions, plus Amendment 1 (1999),
Provisions to allow registration of new compression types and versionsin the SPIFF header.

— ITU-T Recommendation T.86 (1998) | ISO/IEC 10918-4:1999, Information technology -{ Digital
r‘nmlnrpqeinn and (‘nding of continuous-tone still imagpc' Rm"idratinn of JPEG Praofiles SPIEEIProfiles,
SPIFF Tags, SPIFF Colour Spaces, APPn Markers, SPIFF Compression Types and Registration
Authorities (REGAUT).

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

3.30 JPX file: JPEG 2000 File Format defined in ITU-T Rec. T.801 | ISO/IEC 15444-2:2004; JPEG 2000 File
Format Extended.

331 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.

3.32 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.

ITU-T Rec. T.812 (08/2007) 3
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3.33 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.

3.34 magnitude refinement pass: A type of coding pass.

3.35 main header: A group of markers and marker segments at the beginning of the codestream that describe the
image parameters and coding parameters that can apply to every tile and tile-component.

3.36 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 (OXFE).

3.37 mar ker segment: A marker and associated (not empty) set of parameters.

3.38 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.

3.39 packet header: Portion of the packet that contains signalling necessary for decoding that packet;

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

341 precision: Number of bits allocated to a particular sample, coefficient, or,ather binary numerical
represenfation.

342 progression: The order of a codestream where the decoding of each successive bit contributes to 4 "better"
reconstryction of the image. What metrics make the reconstruction "better" is a function of the applicatign. Some
exampleg of progression are increasing resolution or improved sample fidelity.

343 guantization: A method of reducing the precision of the individudl-¢oefficients to reduce the numbfr of bits
used to ¢ntropy-code them. This is equivalent to division while compressing and multiplying while decompressing.
Quantizdtion can be achieved by an explicit operation with a given dquantization value or by dropping (trfincating)
coding ppsses from the codestream.

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

3.45 region of interest (ROI): A collections of coéfficients that are considered of particular relevance [by some
user-defined measure.

3.46 resolution level: Equivalent to decomp@sition level with one exception: the LL sub-band is also af separate
resolutioh level.

347 reversible: A transformation,\ progression, system, or other process that does not suffer systemic or
quantizafion error and, therefore, allows.Jossless signal recovery.

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

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

3.50 significanceé propagation pass: A coding pass performed on a single bit-plane of a code-plock of
coefficiepts.

351 sub=band: A group of transform coefficients resulting from the same sequence of low-pass and Tigh-pass
filtering pperations, both vertically and horizontally

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

3.53 tile-component: All the samples of a given component in a tile.
354 tileindex: The index of the current tile ranging from zero to the number of tiles minus one.

3.55 tile-part: A portion of the codestream with compressed image data for some, or all, of a tile. The tile-part
includes at least one, and up to all, of the packets that make up the coded tile.

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

4 I TU-T Rec. T.812 (08/2007)


https://iecnorm.com/api/?name=c09d8b84b4136bf1f3985738f694cde8

| SO/IEC 15444-13:2008 (E)

357 tile-part index: The index of the current tile-part ranging from zero to the number of tile-parts minus one in a
given tile.

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

4 Abbreviations and symbols

4.1 Abbreviations

For the purposes of this Recommendation | International Standard, the following abbreviations apply. The abbreviations
defined in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004 clause 4 also apply to this Recommendation | International
Standard.

1D\ o Jda 3 11D VP b V4 lat T £ £
T VvV T OTIC-OTITICTIISTOTIar DTSCrotCyy av OICT T TartSTOTTIIIatrors

FDWT Forward Discrete Wavelet Transformation
ICC International Colour Consortium

ICT Irreversible Component Transformation
IDWT Inverse Discrete Wavelet Transformation
JPEG Joint Photographic Experts Group

JURA JPEG Utilities Registration Authority
RCT Reversible Component Transformation
ROI Region of Interest

4.2 Symbols

For the purposes of this Recommendation | International Standard, )the following symbols apply. The abbreviations
defined |n ITU-T Rec. T.800 | ISO/IEC 15444-1:2004 clause 4 also apply to this Recommendation | Intdrnational
Standard|

0x----  Denotes a hexadecimal number

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

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

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

Mp Maximum numberof-bit-planes coded in a given code-block

N Number of decomposition levels as defined in 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 (EComment marker

CRG Component registration marker
EQC End of codestream marker

EPH End of packet header marker

PLM Packet length, main header marker

PLT Packet length, tile-part header marker

POC Progression order change marker

PPM Packed packet headers, main header marker
PPT Packed packet headers, tile-part header marker
QCC Quantization component marker

QCD Quantization default marker

RGN Region-of-interest marker

SIZ Image and tile size marker

ITU-T Rec. T.812 (08/2007) 5
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SOC Start of codestream marker
SOD Start of data marker

SOP Start of packet marker
SOT Start of tile-part marker
TLM Tile-part lengths marker

General description

Codestream

The definition of codestream is the same as in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004.

52

The main procedures for this Recommendation | International Standard are shown in Figure 1. ThisShows the
order, a fleverse ordering of the block diagram of Figure 5-1 in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004.

Coding principles

encoding

—> Codestream syntax (Annex A) —>
7S v £
g ROI g
o (Annex H) =
2 <
3 v v ¢ v v v 8
“ IIC level shift, Coefficient bit Arithmetic
—p| [component | Transformation N Quantization N modelling N coding N Data orderinfg [
tfansformation
(Annex G) (Annex F) (Annex E) (Annex D) (Annex C) (Annex B),
—b File format (optienal, Annex ) —>
T82(07)_F-01
Figure 1 —Specification block diagram
Procedutes are presented in the(yannexes. The category of the annexes is the same| as in
ITU-T Rec. T.800 | ISO/IEC 15444-1:2004. Also the index of the annex is the same.
The codipg process is summarizéd, below.
Many infages have multiple components. This Specification has a multiple component transformation to correlate three
compongnts. This is the enly function in this Specification that relates components to each other. (See Annex Q.)
The image componénts-may be divided into tiles. These tile-components are rectangular arrays that relate to [the same

portion
that can pe enmcoded independently of each other. This tile independence provides one of the methods for en
region of thesmage. (See Annex B.)

f each ofi\the components that make up the image. Thus, tiling of the image actually creates tile-components

coding a

The tile-components are composed 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. 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. (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.)

I TU-T Rec. T.812 (08/2007)
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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
three coding passes. Each of these coding passes collects contextual information about the bit-plane compressed image
data. (See Annex D.)

An arithmetic coder uses this contextual information, and its internal state, to encode coefficients. (See Annex C.)
Different termination mechanisms allow different levels of independent extraction of this coding pass compressed
image data.

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

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

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

Packets 3
of a pre(
region if
methods

A mechd
compond

re a fundamental unit of the compressed codestream. A packet contains compressed image data fromn
inct of one resolution level of one tile-component. Packets provide another method for extracting
idependently from the codestream. These packets are interleaved in the codestream using la few
(See Annex B.)

nism is provided that allows the compressed image data corresponding to regions of interest in the ort
nts to be coded and placed earlier in the bit stream. (See Annex H.)

Several fnechanisms are provided to allow the detection and concealment of bit errers that might occur ove]

transmis

The cod
comprisg
styles th
codestred
informat

The cod{
informat

To reviey

At this
stream u

ion channel. (See Annex D.)

pstream  relating to a tile, organized in packets, are arranged in one{ or more, tile-parts. A tile-pa
d of a series of markers and marker segments, contains informatiof-about the various mechanisms an

bne layer
a spatial
different

ginal tile

I a noisy

t header,
d coding

ht are needed to locate, extract, decode, and reconstruct every tile-Component. At the beginning of the entire

m is a main header, comprised of markers and marker segments, that offers similar information a
on about the original image. (See Annex A.)

stream is optionally wrapped in a file format that allows applications to interpret the meaning of, :
on about, the image. The file format may contain data)besides the codestream. (See Annex 1.)

v, procedures that divide the original image are the’following:

The components of the image are divided into rectangular tiles. The tile-component is the bas
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 f]
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.ofithe coefficients in a code-block is entropy coded in three types of coding passg

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

oint the image;data is fully converted to compressed image data. The procedures that reassemble
hits into thesCodestream are the following:

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

5 well as

ind other

¢ unit of

requency

4

these bit

esolution

Packets are composed compressed

image data from one precinct of a single layer of a single 1

The tile-parts have a descriptive tile-part header and can be interleaved in some orders.
decomposition and coding styles.

application.

I TU-T Rec. T.812 (08/2007)

All the packets from a tile are interleaved in one of several orders and placed in one, or more, tile-parts.

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

The optional file format describes the meaning of the image and its components in the context of the
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6 Encoder requirements

6.1 General

An encoding process converts source image data to compressed image data. Annexes A, B, C, D, E, F, G and H
describe the encoding process. All encoding processes are normative. An encoder is an embodiment of the encoding
process. In order to conform to this Recommendation | International Standard, an encoder shall convert source image
data to compressed image data, that conform to the codestream syntax specified in Annex A.

There is no required specific implementation for the encoder. In some cases, the descriptions use particular
implementation techniques for illustrative purposes only.

The definition of an entry-level encoder is separated into three groups:

encoder function;

implementation;

codestream description.

6.2 Encoder function definition

There ar¢ four encoding styles described in this Recommendation | International Standard:

The defipition of image and compressed data ordering is applied comimonly above four styles. Table 1 s
definition of image and compressed data ordering. All reference of Table 1 is described in Ann
ITU-T Rec.

lossless based colour encoding;
lossy based colour encoding;
lossless based greyscale encoding;

lossy based greyscale encoding.

T.800 | ISO/IEC 15444-1:2004.

Table 1 — Function definition of image and compr essed data ordering

Item Reference
Reference grid B.2*
Tiling B.3*
Sub-band B.5*
Precinct B.6*
Code-block (64x64 or 32x32) B.7*
Layer B.8*
Packet B.9*
Packet‘header coding B.10*
Tile-parts (plural) B.11%*
Part 1 progression order (one of 5 progression methods) B.12.1*
Progression order change B.12.2, B.12.3*
*  Described in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004.

hows the
Ex B in

I TU-T Rec. T.812 (08/2007)
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6.2.1 L ossless based colour encoding

Lossless based colour encoding process is shown in Figure 2. Because a basic concept of lossless based colour encoding
is colour image exchange lossless, reversible component transformation (RCT) and reversible wavelet transformation
(5-3R) shall be executed. Also scalar quantization shall not be executed. It may be used in truncated codestream to
provide lossy compression.

Function definition of Lossless based colour encoding is shown in Table 2.

Component .
transformation Transformation
(Annex G) (Annex F)
Coefficient bit Arithmetic
—| DC level shift » RCT » 5.3R » modelling [ coding L»| Data ordering |-
(Annex G) (Annex D) (Annex C) (Annex B)
Quantization
ICT 9-71 (Annex E)
3
ROI
(Annex H) Td12(07)_F-02
Figure 2 — L ossless based colour encoding block diagram
Table 2 — Function definition of lossless based coleur, encoding
Category Item Reference)
DC level shifting and multiple DC level shifting data G.1
component transformations RCT G2
Wavelet transform (5-3R) F.3
Disgrete wavelet transform Sub-sampling by discarding coefficients F4
Visual frequency weéighting F.5
3-coding pass, 4-coding mode (EBCOT) D3
Predictableermination D.4
Reset context probabilities on coding pass boundaries D.4
Coefficient bit modelling Termination on each coding pass D.4
Segmentation symbols D.5
Selective AC bypass D.6
Vertically causal context D.7
Arithmetic entropy coding MQ-Coder Encoding C2
Reglon of Interest Max-shift H.1,H.2

ITU-T Rec. T.812 (08/2007) 9
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6.2.2

L ossy based colour encoding

Lossy-based colour encoding process is shown in Figure 3. Lossy-based colour encoding has several purposes such as
high compression performance or fixed codestream size. Irreversible component transformation (ICT) and irreversible

wavelet transformation (9-71) shall be executed. Scalar quantization may be executed.

Function definition of Lossy based colour encoding is shown in Table 3.

—»|

10

Component
transformation | | Transformation
(Annex G) (Annex F) . . . .
Coefficient bit Arithmetic
DC level shift RCT 5.3R modelling [ coding | Data ordering |-
(Amnex G) || . (Annex D) (Annex C) (Annex B)
Ao N Quantization|
” T L =TT (Annex E)
T 1
ROI
(Annex H) Te2(07)_F-03
Figure 3 —Lossy based colour encoding block diagram
Table 3— Function definition of lossy based colour .eacoding
Category Item Reference)
DC level shifting and multiple DC level shifting data G.1
component transformations ICT G3
Wavelet transform (9-71) F.3
Disgrete wavelet transform Sub-sampling by discarding coefficients F.4
Visual frequency weighting F.5
Quaptization Scalar quantization E.2
3-coding pass, 4-coding mode (EBCOT) D3
Predictable({érmination D.4
Reset context probabilities on coding pass boundaries D.4
Coefficient bit modelling Termination on each coding pass D.4
Segmentation symbols D.5
Selective AC bypass D.6
Vertically causal context D.7
Arithmetic entropy coding MQ-Coder Encoding C2
Reglon of Interest Max-shift H.1,H.2

ITU-T Rec. T.812 (08/2007)
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6.2.3 L ossless based greyscale encoding

Lossless based greyscale encoding process is shown in Figure 4. A basic concept of lossless based greyscale encoding is
almost the same as lossless based colour encoding, but source image is changed colour to greyscale. Reversible wavelet
transformation (5-3R) shall be executed. Component transformation and scalar quantization shall not be executed. It
may be used in truncated codestream to provide lossy compression.

Function definition of lossless based greyscale encoding is shown in Table 4.

Component
transformation i |Transformation
(Annex G) (Annex F)
Coefficient bit Arithmetic
—»| DC level shift | RCT > 5-3R » modelling |- coding L»| Data ordering |-
(Annex G) i Lo, (Annex D) (Annex C) (Annex B)
Quantization
ICT 9-71 (Annex E)
""" T
ROI
(Annex H) Td12(07)_ F-04
Figure 4 — L ossless based greyscale encoding block diagram
Table 4 — Function definition of lossless based greyscale encoding
Category Item Reference
DC level shifting and multlple DC level shifting data G1
component transformations
. Wavelet transform (5-3R) F3
Disgrete wavelet transform - —
Visual frequency weighting F.5
3-coding pass, 4-coding'mode (EBCOT) D3
Predictable termination D.4
Reset context.probabilities on coding pass boundaries D.4
Coefficient bit modelling Termination on each coding pass D.4
Segmentation symbols D.5
Selective AC bypass D.6
Vertically causal context D.7
Arithmetic entropy coding MQ-Coder Encoding C2
Reglon of Interest Max-shift H.1,H.2

ITU-T Rec. T.812 (08/2007) 11
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6.24 L ossy based greyscale encoding

Lossy-based greyscale encoding process is shown in Figure 5. A concept of lossy-based greyscale encoding is almost
the same as lossy based colour encoding, but source image is changed colour to greyscale. Irreversible wavelet
transformation (9-71I) shall be executed. Scalar quantization may be executed. Component transformation shall not be
executed.

Function definition of lossy based greyscale encoding is shown in Table 5.

Component
transformation | |Transformation
Annex G) (Annex ) Coefficient bit Arithmetic
—»| DC level shift | RCT 5-3R modelling [ coding | Data ordering |-
(Annex G) (|1 & (Annex D) (Annex C) (Annex B)
_ | Quantization
9-71 "l (Annex E)
£ £
ROI
(Annex H) Td12(07) F-05
Figure5 — Lossy based greyscale encoding block diagram
Table 5 — Function definition of lossy based greyseale'encoding
Category Item Reference)
DC level shifting and multiple DC level shifting data G.1
component transformations
. Wavelet transform (9-71) F3
Disgrete wavelet transform - —
Visual frequency weighting F.5
Quaptization Scalar quantization E.2
3-coding pass, 4«ceding mode (EBCOT) D3
Predictable terinination D.4
Reset context probabilities on coding pass boundaries D4
Coefficient bit modelling Termindtion on each coding pass D.4
Segmentation symbols D.5
Selective AC bypass D.6
Vertically causal context D.7
Arithmetic entropy coding MQ-Coder Encoding C2
Regjon of Interest Max-shift H.1,H.2
6.3 I mplementation
There is no required specific implementation for this Recommendation | International Standard. This subclause defines
optional jmplementation choices.

Implementation definition is shown in Table 6. All reference of Table 6 is described in Annex J in ITU-T
Rec. T.800 | ISO/IEC 15444-1:2004.

Table 6 — Implementation definition

Category Item Reference
Row-based wavelet transform J.5%
Implementation Visual frequency weighting J12%
Rate control J.14%*
*  Described in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004.
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Any compressed image data shall comply with the syntax and code assignments appropriate for the coding processes
defined in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004.

ITU-T Rec. T.803 | ISO/IEC 15444-4:2004 (JPEG 2000 Part 4) describes a definition of compliance or conformance.

This subclause defines the use of a particular marker segment for an encoder.

Codestream description is shown in Table 7. All reference of Table 7 is described in Annex A in ITU-T

Rec. T.800 | ISO/IEC 15444-1:2004.

Table 7 — Codestream description

Category Item Reference
SOC marker A41%
SOT marker segment AN4*
SOD marker A4.3%
EOC marker A.4.4%
SIZ marker segment AS.T*
COD marker segment A.6.1%
COC marker segment A.6.2%
RGN marker segment A.6.3%
QCD marker segment A.6.4%
. QCC marker segment A.6.5%
Implementation
POC marker segment A.6.6%
TLM marker segment A7.1*
PLM marker segment A7.2%
PLT marker segment A.7.3*
PPM marker segment A.7.4*
PPT marker segment A7.5%
SOP marker segment A8.1*
EPH marker-segment A.8.2%
CRG marker segment A9.1*
COM marker segment A.9.2%

*  Pescribed in ITU-T Rec. T.8004ISO/IEC 15444-1:2004.

7 Optional file format requirements

Annex I describes the gptional file format containing metadata about the image in addition to the codestream.
allows, for example,/sereen display or printing at a specific resolution. The optional file format, when us
comply with the 'file format syntax and code assignments appropriate for the coding processes defined i

Rec. T.80 | ISOAEC 15444-1:2004.

This data
ed, shall
n ITU-T

I TU-T Rec. T.812 (08/2007)
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Annex A

Codestream syntax

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

There is no additional codestream syntax of JPEG 2000 codestream.

This annex is identical to Annex A in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004.

14 ITU-T Rec. T.812 (08/2007)
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Annex B

Image and compressed image data ordering

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

There is no additional definition of image and compressed data ordering.

This annex is identical to Annex B in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004.

ITU-T Rec. T.812 (08/2007) 15
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Annex C

Arithmetic entropy coding

(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.

Cil

Binary encoding

Figure C.1 shows a simple block diagram of the binary adaptive arithmetic encoder. The decision (D) and context (CX)
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shown). CX selects the probability estimate to use during the coding of D. In this Recommnie
nal Standard, CX is a label for a context.
D
— CD

CX ENCODER |——
e

T:812(07)_F-C1

Figure C.1—Arithmetic encoder inputs and outputs

Recursiveinterval subdivision

rsive probability interval subdivision of Elias coding is the basis forthe binary arithmetic coding proc
iry decision the current probability interval is subdivided into two)sub-intervals, and the code string is
bary) so that it points to the base (the lower bound) of the prabability sub-interval assigned to the syi

rtitioning of the current interval into two sub-intervalsythe sub-interval for the more probable symbol
hbove the sub-interval for the less probable symbolN(LPS). Therefore, when the MPS is coded, the
s added to the code string. This coding convention’ requires that symbols be recognized as MPS or L]

1. Consequently, the size of the LPS interval*and the sense of the MPS for each decision must be |
ode that decision.

decision, which sub-interval is pointed to by the compressed image data. This is also done recursivg
interval sub-division process as,in the encoder. Each time a decision is decoded, the decoder subt
he encoder added to the code string. Therefore, the code string in the decoder is a pointer into th)

interval felative to the base of the current interval. Since the coding process involves addition of binary fractia

than con
than one

C1l2

The codi
values in
wheneve]

Catenation of integer cede words, the more probable binary decisions can often be coded at a cost of 1
bit per decision.

Coding conventions and approximations

hg operations are done using fixed precision integer arithmetic and using an integer representation of 1
which=0x%8000 is equivalent to decimal 0.75. The interval A is kept in the range 0.75 < A < 1.5 by d
r the'integer value falls below 0x8000.
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The codé—register—C—is—also—doubled-—each-timeA—is-doubled—Periodically—totceep-CHromoverflowing

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.

a byte of

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:

16

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

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

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

Qe = sub-interval for the LPS (C-4)

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

With the process illustrated above, the approximations in the interval subdivision process can sometimes make the LPS
sub-interval larger than the MPS sub-interval. If, for example, the value of Qe is 0.5 and A is at the minimum allowed
value of 0.75, the approximate scaling gives 1/3 of the interval to the MPS and 2/3 to the LLPS. To avoid this size
inversior], the MPS and LPS intervals are exchanged whenever the LPS interval is larger than the MPS integval. This
MPS/LPS conditional exchange can only occur when a renormalization is needed.

Whenev¢r a renormalization occurs, a probability estimation process is invoked which determines, a new pijobability
estimate [for the context currently being coded. No explicit symbol counts are needed for the estimation. Th¢ relative
probabilities of renormalization after coding an LPS or MPS provide an approximate symbol’ counting m¢chanism
which isjused to directly estimate the probabilities.

C.2 Description of the arithmetic encoder

The ENCODER (Figure C.2) initializes the encoder through the INITENC procedure. CX and D pairs are [read and
passed on to ENCODE until all pairs have been read. The probability estimation procedures that provide|adaptive
estimateg of the probability for each context are imbedded in ENCODE. Bytes of compressed image data afe output
when neg¢essary. When all of the CX and D pairs have been read, FLUSH\sets the contents of the C-register to as many
1 bits as|possible and then outputs the final bytes. FLUSH also tefminates the encoding and generates the|required

terminating marker.
ENCODER

INITENC
'

Read CX, D

v
ENCODE

No

Yes
FLUSH

' Done '
1.812(07) F-C2

Figure C.2 —Encoder for the M Q-coder

C.21 Encoder coderegister conventions

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
A-register 0000 0000 0000 0000 laaa aaaa aaaa aaaa

I TU-T Rec. T.812 (08/2007)
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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.

C22

Encoding a decision (ENCODE)

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

ENCODE

C.23

When a given binary decision is coded, one of two possibilities occurs— the symbol is either the more probabl
or it is the less probable symbol. CODE1 and CODEQO are illustratéd in Figures C.4 and C.5. In these figures,
context. For each context, the index of the probability estimate, that is to be used in the coding operations and
stored. MPS (CX) is the sense (0 or 1) of the MPS for context CX.

value arg

v

CODE1

8

Yes

No
o> !
CODE0
L 1
T812(07)_F-C3

Figure C.3-ENCODE procedure

Encodingal or a0 (CODE1 and CODEOQ)

z
o
5

v

CODELPS

€CODE1

MPS (CX) = 1? 1
CODEMPS
L ]
T.812(07) F-C4

Figure C.4—CODEZ1 procedure

CODEO

e symbol
"X is the
the MPS

18

No

v

CODELPS

e

Y o
MPS (CX) = 07 >=

v

CODEMPS

Done

U

T.812(07) F-C5

Figure C.5—- CODEQO procedure
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The CODELPS (Figure C.6) procedure usually consists of a scaling of the interval to Qe(I(CX)), the probability
estimate of the LPS determined from the index I stored for context CX. The upper interval is first calculated so it can be

compared to the lower interval to confirm that Qe has the smaller size. It is always followed by a renormalization

(RENORME). In the event that the interval sizes are inverted, however, the conditional MPS/LPS exchange occurs and
the upper interval is coded. In either case, the probability estimate is updated. If the SWITCH flag for the index I[(CX) is
set, then the MPS(CX) is inverted. A new index I is saved at CX as determined from the next LPS index (NLPS)

column in Table C.2.

CODELPS

A=A-Qe(I(CX))

No Yes

i A< Qe(1(CX))?

A= Qe(I(CX))

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

v
MPS(CX) = 1 - MPS(CX)
l

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

v

RENORME

CODEMPS

A=A - Qe(I(CX))

T.812(07) F-C6

Figure C.6 — CODEL PS procedure with conditional M PS/L PS exchange

NO@YGS

A 4

N
>
Done

C = C + Qe(I(CX)) No 7 A < Qe(I(CX))?
v ] Yes
C = C+ Qe(I(CX)) A = Qe(I(CX))
| |
I«
I(CX) = NMPS(I(CX))
v
RENORME

T.812(07) F-C7

Figure C.7 — CODEM PS procedure with conditional MPS/L PS exchange
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Table C.2— Qe values and probability estimation

Qe Value
Index NMPS NLPS SWITCH
(hexadecimal) (binary) (decimal)
0 0x5601 0101 0110 0000 0001 0.503937 1 1 1
1 0x3401 0011 0100 0000 0001 0.304715 2 0
2 0x1801 0001 1000 0000 0001 0.140650 3 0
3 0x0AC1 0000 1010 1100 0001 0.063012 4 12 0
4 0x0521 0000 0101 0010 0001 0.030053 5 29 0
5 0x0221 0000 0010 0010 0001 0.012474 38 33 0
6 0x5601 0101 0110 0000 0001 0.503937 7 6 1
7 0x5401 0101 0100 0000 0001 0.492218 8 14 0
8 0x4801 0100 1000 0000 0001 0.421904 9 14 0
9 0x3801 0011 1000 0000 0001 0.328153 10 14 0
10 0x3001 0011 0000 0000 0001 0.281277 11 17 0
11 0x2401 0010 0100 0000 0001 0.210964 12 18 0
12 0x1CO01 0001 1100 0000 0001 0.164088 13 20 0
13 0x1601 0001 0110 0000 0001 0.128931 29 21 0
14 0x5601 0101 0110 0000 0001 0.503937 15 14 1
15 0x5401 0101 0100 0000 0001 0.492218 16 14 0
16 0x5101 0101 0001 0000 0001 0.474640 17 15 0
17 0x4801 0100 1000 0000 0001 0.421904 18 16 0
18 0x3801 0011 1000 0000 0001 07328153 19 17 0
19 0x3401 0011 0100 0000 0001 0.304715 20 18 0
20 0x3001 0011 0000 0000 0001 0.281277 21 19 0
21 0x2801 0010 1000 0000 0001 0.234401 22 19 0
22 0x2401 0010 0100 0000 0001 0.210964 23 20 0
23 0x2201 0010 0010 00006001 0.199245 24 21 0
24 0x1CO01 0001 11000000 0001 0.164088 25 22 0
25 0x1801 0001 1060 0000 0001 0.140650 26 23 0
26 0x1601 006010110 0000 0001 0.128931 27 24 0
27 0x1401 0001 0100 0000 0001 0.117212 28 25 0
28 0x1201 0001 0010 0000 0001 0.105493 29 26 0
29 0x1101 0001 0001 0000 0001 0.099634 30 27 0
30 0x0AC1 0000 1010 1100 0001 0.063012 31 28 0
31 0x09C1 0000 1001 1100 0001 0.057153 32 29 0
32 0x08A1 0000 1000 1010 0001 0.050561 33 30 0
33 0x0521 0000 0101 0010 0001 0.030053 34 31 0
34 0x0441 0000 0100 0100 0001 0.024926 35 32 0
35 0x02Al 0000 0010 1010 0001 0.015404 36 33 0
36 0x0221 0000 0010 0010 0001 0.012474 37 34 0
37 0x0141 0000 0001 0100 0001 0.007347 38 35 0
38 0x0111 0000 0001 0001 0001 0.006249 39 36 0
39 0x0085 0000 0000 1000 0101 0.003044 40 37 0
40 0x0049 0000 0000 0100 1001 0.001671 41 38 0
41 0x0025 0000 0000 0010 0101 0.000847 42 39 0
42 0x0015 0000 0000 0001 0101 0.000481 43 40 0
43 0x0009 0000 0000 0000 1001 0.000206 44 41 0
44 0x0005 0000 0000 0000 0101 0.000114 45 42 0
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Table C.2— Qe values and probability estimation

Qe Value
Index NMPS NLPS SWITCH
(hexadecimal) (binary) (decimal)
45 0x0001 0000 0000 0000 0001 0.000023 45 43
46 0x5601 0101 0110 0000 0001 0.503937 46 46
C.25 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,

d 1. L4420 %k (0. QNNNN

the Qe v

The estirhator can be defined as a finite-state machine — a table of Qe indexes and associated next states for ead
renormallization (i.e., new table positions) — as shown in Table C.2. The change in state occurs only wlién-the a
coder interval register is renormalized. This is always done after coding the LPS, and whenever the4nterval 1

less than|

After an
symbol §

The inde]
table of
storage a

The pro

renormaliization, except that when SWITCH(I(CX)) is 1, the sense of MPS(CX) is inverted.

The final
C.26

Renorma
in the de

The REN
the code
counted
Renorma

ense is reversed.

X to the current estimate is part of the information stored for context CX. This index is used as the ing
values in NMPS, which gives the next index for an MPS renormalization{,This index is saved in th
t CX. MPS(CX) does not change.

1 Jaitd
TOCS AT UrvIOUtrO Yy (17 ) (UACUUU)T

0x8000 (0.75 in decimal notation) after coding the MPS.

LPS renormalization, NLPS gives the new index for the LPS probability estimate.[fithe switch is 1,

tedure for estimating the probability on the LPS renormalizatioh path is similar to that of

index state 46 can be used to establish a fixed 0.5 probability estimate.

Renormalization in the encoder (RENORME)

h type of
rithmetic
cgister is

the MPS

ex to the

£ context

an MPS

lization is very similar in both encoder and decoder, except that in the encoder it generates compressed bits and
Coder it consumes compressed bits.
[ORME procedure for the encoder renormalization is illustrated in Figure C.8. Both the interval register A and
register C are shifted, one bit at a time\ “The number of shifts is counted in the counter CT, and when CT is
down to zero, a byte of compressed image data is removed from C by the procedure BY[TEOUT.
lization continues until A is no lenger less than 0x8000.
¥ Yes
BYTEOUT
T.812(07) F-C8
Figure C.8 —Encoder renormalization procedure
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Compressed image data output (BY TEOUT)

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

y

No

7

The prod
left is for

B is the
checked.
After the
of B is rd

C<0x8000000?
No

B=B+1

No

g

Yes

C = C AND Ox7FFFFFF?

I
P

BP=BP+1 BP=BP+1
B=C>>19 B=C>>20

C = C AND 0x7FFFF C = C AND OxFFFFF
CT=8 CT=7

Done
T.812(07)_F-C9

Figure C.9—-BYTEOUT procedurefor encoder

edure in the block in the.lower right section does bit stuffing after a OxFF byte; the similar procedu
the case where bit stuffing is not needed.

re on the

byte pointed to.by the compressed image data buffer pointer BP. If B is not a OXxFF byte, the cafry bit is

If the carry bitis set, it is added to B and B is again checked to see if a bit needs to be stuffed in the 1
need for bit stuffing has been determined, the appropriate path is chosen, BP is incremented and the n
moved:from the code register "b" bits.

22

ITU-T Rec. T.812 (08/2007)

ext byte.
ew value


https://iecnorm.com/api/?name=c09d8b84b4136bf1f3985738f694cde8

c.28

Initialization of the encoder (INITENC)
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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.

The inteq

removed
if the prg
initial se

C.29

The FLU
terminati
compres
recogniz

INITENC

A = 0x8000
Cc=0
BP=BPST -1

NO 15 _ oxFF?

CT=12
Yes

Ny

CT=13

N|

tings for MPS and I are shown in Table D.7.

Termination of coding (FLUSH)

pd and interpreted before decoding isccomplete.

Done
T.812(07) F-C10

Figure C.10 - Initialization of the encoder

val register and code register are set to their initial values, and the\bit counter is set. Setting CT = 1
the fact that there are three spacer bits in the register which need to be filled before the field from which the
is reached. BP always points to the byte preceding the positieh BPST where the first byte is placed. T
ceding byte is a OxFF byte, a spurious bit stuff will occurybut can be compensated for by increasing]

SH procedure shown in Figure C.11 is used to terminate the encoding operations and generate the
ng marker. The procedure guarantees that-the OxFF prefix to the marker code overlaps the final b
ed image data. This guarantees that_any marker code at the end of the compressed image dat

D reflects
bytes are
herefore,
CT. The

required
ts of the
will be
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FLUSH

SETBITS

v

C=C<<C(CT

v

BYTEOUT

v

C=C<<CT

v

BYTEOUT

A 4

BP=BP+1

Discard B

The first|part of the FLUSH procedure sets as many bits as possibleénin the C-register to 1 as shown in Figure (
exclusiv¢ upper bound for the C-register is the sum of the C-register and the interval register. The low order 16
are forced to 1, and the result is compared to the upper bound.)If C is too big, the leading 1 bit is removed, re

to a valug which is within the interval.

l<
<

T.812(07)_F-CH

Figure C.11 — FLUSH procedure

SETBITS

TEMPC=C+A
C = C OR OxFFFF

No
Yes

C =C-0x8000

i Done '
1812(07) F-C12

[.12. The
bits of C
ducing C

Figure C.12 — Setting thefinal bitsin the C register

The byte in the C-register is then completed by shifting C, and two bytes are then removed. If the byte in buffer, B, is a
OxFF then it is discarded. Otherwise, buffer B is output to the bit stream.

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

Coefficient bit modelling

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

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

This annex defines the modelling and scanning of transform coefficient bits.

Code-blocks (see Annex B in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004) are encoded a bit-plane at a time starting
from the most significant bit-plane with a non-zero element to the least significant bit-plane. For each bit-plane in a
code-blofpk; i = i i ; T it the bit-
plane appears in only one of the three coding passes called significance propagation, magnitude refiiement, and
cleanup. [For each pass contexts are created which are provided to the arithmetic coder, CX, along with(the"degision, D
(see Annex C).

D.1 Code-block scan pattern within code-blocks

Each bit{plane of a code-block is scanned in a particular order. Starting at the top left, thefirst four coefficiepts of the
first colymn are scanned, followed by the first four coefficients of the second colump-and so on, until the right side of
the codetblock is reached. The scan then returns to the left of the code-block and the-second set of four coeffjcients in
each colpmn is scanned. The process is continued to the bottom of the code-bleck. If the code-block height is not
divisible|by 4, the last set of coefficients scanned in each column will contaip. fewer than 4 members. Figure D.1 shows
an example of the code-block scan pattern for a code-block.

Code-block 16 wide by N high

v

0 4 8 12 | 16 | 20 | 24 | 28 | 32 | 36 [40 | 44 | 48 | 52 | 56 | 60

1 5 9 131171212529 (33|87 |41 | 4549 | 53| 57| 61

2 6 10 ] 14 [ 18] 22 | 26 | 30 |\ 34 | 38 | 42 | 46 | 50 | 54 | 58 | 62

3 7 I 15119 23127 |31 [35] 39|43 |47 | 51| 55] 59| 63

64

T.812(07)_F-D}1

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

D.2 Coefficient-bitsand significance

D.2.1 General case notations

The encqditigprocedures specified in this annex produce for each transform coefficient (u, v) of sub-band b the decoded
bits to be encoded which will be used to reconstruct the transform coefficient value Gu(U, V) at the decoder. The bits
produced are: a sign bit S,(u, V) and a number Ny(u, V) of magnitude MSBs to be encoded, ordered from most to least
significant: MSB;(b, u, V) is the ith MSB of transform coefficient (u, v) of sub-band b (i = 1, ..., Np(u, v)). As indicated in
Equation (D-1), the sign bit Sy(u, V) has a value of one for negative coefficients and of zero for positive coefficients. The
number Np(U, V) of MSBs to be encoded includes the number of all zero most significant bit-planes signalled in the
packet header (see B.10.5 in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004).

D.2.2 Notation in the case with ROI

In the use of the RGN marker segment (indicating the presence of an ROI), modifications need to be made to the bits to
be encoded, as well as the number Ny(u, V) of magnitude MSBs to be encoded. These modifications are specified in
clause H.1. In the absence of the RGN marker segment, no modification is required.
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D.3

Encoding passes over the bit-planes

Each coefficient in a code-block has an associated binary state variable called its significance state. Significance states
are initialized to O (coefficient is insignificant) and may become 1 (coefficient is significant) during the course of the
encoding of the code-block. The "significance state" changes from insignificant to significant (see the subclause below)
at the bit-plane where the most significant magnitude bit equal to 1 is found. The context vector for a given current
coefficient is the binary vector consisting of the significance states of its 8 nearest-neighbour coefficients, as shown in
Figure D.2. Any nearest neighbour lying outside the current coefficient's code-block is regarded as insignificant (i.e., it
is treated as having a zero significance state) for the purpose creating a context vector for encoding the current

coefficient.
DO VO Dl
H AV4 L1
0 e 1
D, | v, | D,
T.812(07) F-D2
Figure D.2 — Neighbour states used to form the context
In general, a current coefficient can have 256 possible context vectors. These are clustered into a smaller n
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according to the rules specified below for context formation. Four different context formation
one for each of the four coding passes: significance coding, sign coding; ‘magnitude refinement co
oding. These coding operations are performed in three coding passes-over each bit-plane: significance]
| a significance propagation pass, magnitude refinement coding ima-magnitude refinement pass, and
coding in a cleanup pass. For a given coding operation, the context label (or context) provided to the a
hgine is a label assigned to the current coefficient's context.

— Although (for the sake of concreteness) specific integers areyused in the tables below for labelling contexts,

or context labels are implementation-dependent and their valués are not mandated by this Recommendation | In
hrd.

bit-plane within the current block with a non-zet® element has a cleanup pass only. The remaining t
Hed in three coding passes. Each coefficient bit is encoded in exactly one of the three coding passe
efficient bit is encoded in depends on the conditions for that pass. In general, the significance propagd

nitude refinement pass includes bits~from already significant coefficients. The cleanup pass includ
o coefficients.

Significance propagationencoding pass

t surrounding neighbour.coefficients of a current coefficient (shown in Figure D.2 where X denotes th
ht) are used to create-a‘context vector that maps into one of the 9 contexts shown in Table D.1. Ifa c
Cant then it is given a-1 value for the creation of the context, otherwise it is given a 0 value. The mapp
also depends orivthe sub-band.
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Table D.1 - Contextsfor the significance propagation and cleanup coding passes

2008 (E)

LL and LH sub-bands HL sub-band HH sub-band Context
(vertical high-pass) (horizontal high-pass) (diagonally high-pass) label®
2M | QM | b | M | QM | D | QWiev) | Dn
2 x? X X 2 X X >3 8
1 >1 >1 1 >1 2 7
1 0 >1 0 1 >1 0 2 6
1 0 0 0 1 0 >2 1 5
0 2 X 2 0 X 1 4
0 1 X 1 0 X 0 1 3
0 Yy = 0 0 = = Y 2
0 0 1 0 0 1 1 0 1
0 0 0 0 0 0 0 0 0
Note that the context labels are indexed only for identification convenience in this Recommendation | Intétfiational Standard.
Thg actual identifiers used is a matter of implementation.
®  x"lindicates a "don't care" state.
The signjficance propagation pass only includes bits of coefficients that were insignificant (the significance stafe has yet
to be sef) and have a non-zero context. All other coefficients are skipped. The context is delivered to the afrithmetic
encoder {along with the coefficient bit to be encoded). If the value of this bit is 1,“then the significance state if set to 1
and the immediate next bit to be encoded is the sign bit for the coefficient. Otheswise, the significance state r¢mains 0.
When thg contexts of successive coefficients and coding passes are consideted, the most current significance| state for
this coefficient is used.
D.3.2 | Sign bit encoding
The context label for sign bit encoding is determined using another context vector from the neighbourhood.
Computdtion of the context label can be viewed as a two-step process. The first step summarizes the contribution of the
vertical gnd the horizontal neighbours. The second step reduces those contributions to one of 5 context labels.
For the flrst step, the two vertical neighbours (see Figute'D.2) are considered together. Each neighbour may haye one of
three stafes: significant positive, significant negativejor insignificant. If the two vertical neighbours are both significant
with the pame sign, or if only one is significant, thén the vertical contribution is 1 if the sign is positive or —1 if the sign
is negatiye. If both vertical neighbours are insignificant, or both are significant with different signs, then th¢ vertical
contribufion is 0. The horizontal contribution-is created in the same way. Once again, if the neighbours fall oytside the
code-blofk they are considered to be insignificant. Table D.2 shows these contributions.
Table D.2 — Contributions of the vertical (and the horizontal) neighboursto the sign context
VO (or;HO0) 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
Qignif‘ir‘nnf npgqﬁ‘ e cigniﬁr‘anf negnfi‘ e —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 encoder with the decision. The sign bit
is then logically exclusive ORed with the XORbit in Table D.3 to produce the decision, D (see Annex C). The following

equation is used:

D = signbit ® XORbit

(D-1)
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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 provided to the arithmetic encoder with the context label, and the XORbit is found in
Table D.3 for the current context label.

Table D.3 — Sign contexts from the vertical and horizontal contributions

D.3.3

The mag
just beco

The con
neighboy
pass. Fui
sign bits

The cont
coefficie

D.34

The rem
cleanup
also a rui

clgr:)trrlizti?tti?)ln coXt?riES?ilon Context label XORbit
1 1 13 0
1 0 12 0
1 -1 11 0
0 1 10 0
0 0 9 0
0 -1 10 1
-1 1 11 1
-1 0 12 1
-1 -1 13 1

Magnitude refinement pass

or not. Table D.4 shows the three

contexts for this pass.

nitude refinement pass includes the bits from coefficients that are already/significant (except those
me significant in the immediately preceding significance propagation pass).

ext used is determined by the summation of the significance state-of the horizontal, vertical and
rs. These are the states as currently known to the encoder, not the\states used before the significance
ther, it is dependent on whether this is the first refinement dit (the bit immediately after the signifid

Table D.4 — Contextsfor the magnitude r efinement coding passes

zHi + ZVi + zDi Firstiréfinement for this coefficient Context label
2 false 16
>1 true 15
0 true 14

a)

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

ht in the current bit-plane.

Cleanup pass

1-length context.

During t

ext is passed to the arithmetic coder along with the bit stream. The bit returned is the value of th

pis\pass. the neighbour contexts for the coefficients in this pass are recreated using Table D.1. The con

hat have

diagonal
encoding
ance and

£ current

hining coefficients were previously insignificant and not handled by the significance propagation pass. The
pbass not only uses the neighbour context, like that of the significance propagation pass, from Table

D.1, but

ext label

can now have any value because the coefficients that were found to be significant in the significance propagation pass
are considered to be significant in the cleanup pass. Run-lengths are encoded with a unique single context. If the four
contiguous coefficients in the column being scanned are all encoded 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 encoder along with the decision, D (see Annex C). If all four contiguous coefficients
in the column remain insignificant, then the decision is 0.

Otherwise, if at least one of the four contiguous coefficients in the column is significant, then the decision is 1. In this
case, the next two bits, encoded 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 encoded with the UNIFORM context are
encoded MSB then LSB. That coefficient's sign bit is determined as described in D.3.2. The encoding 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 to be encoded in the cleanup pass or the context bin for any is
non-zero, then the coefficient bits are encoded 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 encoder for cleanup passes

Fpur contiguous cogff|0|ents Symbolswith . . Symbols decoded Number of
in a column remaining to Four contiguous bitsto d a) -
run-length with UNIFORM coefficients
be encoded and each context be decoded are zero context to decode
currently hasthe O context
true 0 true none none
true 1 false MSB LSB
skip to first coefficient sign 00 3
skip to second coefficient sign 01 2
skip to third coefficient sign 10 1
skip to fourth coefficient sign 11 0
false none X none rest off column
9 See|Annex C.

If there jre fewer than four rows remaining in a code-block, then no run-lengthscoding is used. Once again, the
significafice state of any coefficient is changed immediately after encoding the first{}magnitude bit.

D.35 [ Exampleof coding passes and significance propagation

Table DJ6 shows an example of the encoding order for the quantized coefficients of one 4-coefficient colurhn in the
scan. Thjs example assumes all neighbours not included in the table-are-identically zero, and indicates in which pass
each bit {s encoded. The sign bit is encoded after the initial 1 bit and’isindicated in the table by the + or — sign. [The very
first pasg in a new block is always a cleanup pass because there can be no predicted significant, or refinement Qits. After
the first pass, the encoded 1 bit of the first coefficient causes the second coefficient to be encoded in the sighificance
pass for [the next bit-plane. The 1 bit encoded for the last coefficient in the second cleanup pass causes [the third
coefficient to be encoded in the next significance pass.

Table D.6 — Example of sub-bitsplane coding order and significance propagation

Coding passes 10 1 3 -7 Coefficient value

* + + - Coefficient sign
1 0 0 0 Coefficient magnitude
0 0 0 1 (MSB to LSB)
1 0 1 1
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

D4 Initializing and terminating

When the contexts are initialized, or re-initialized, they are set to the values in Table D.7.
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TableD.7 —Initial statesfor all contexts

Context Initial index from Table C.1 MPS
UNIFORM 46 0
Run-length 0
All zero neighbours (context label 0 in Table D.1) 4 0
All other contexts 0

In normal operation (not selective arithmetic coding bypass), the arithmetic coder shall be terminated either at the end
of every coding pass or only at the end of every code-block (see D.4.1). Table D.8 shows two examples of termination
patterns for the coding passes in a code-block. The COD or COC marker signals which termination pattern is used
(see A.6.1 and A.6.2 in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004).

Table D.8 — Arithmetic coder termination patterns

# Pass Coding oper ation termination only Coding oper ation tér mination

on last pass on every pass
1 cleanup Arithmetic Coder (AC) AC, terminate
2 significance propagation AC AC, terminate
2 magnitude refinement AC AC, terminate
2 cleanup AC AC, terminate
final significance propagation AC AC, terminate
final magnitude refinement AC AC, terminate
final cleanup AC, terminate AC, terminate

When mpiltiple terminations of the arithmetic coder are present, the length of each terminated segment is signal
packet h¢ader as described in B.10.7 in ITU-T Rec. T.800 | ISQAEC 15444-1:2004.

NOTH

as in-bit-stream marker values.

D41
The decd

— Termination should never create a byte aligned value between 0xFF90 and OxFFFF inclusive. These values arg

Expected codestream termination

der anticipates that the given number of\codestream bytes will decode a given number of coding pass|

ed in the

available

es before

the arithmetic coder is terminated. During de¢oding, bytes are pulled successively from the codestream unfil all the

bytes for|

in the pafket header. Often at that point.there are more symbols to be decoded. Therefore, the decoder shall e

input bit

It is suffj
consecut
Rec. T.8
length is
NOTEH
1mpof|

D.4.2

those coding passes have been consumed. The number of bytes corresponding to the coding passes is

stream to the arithmetic coder/with OXFF bytes, as necessary, until all symbols have been decoded.

cient to append no mere than two OxFF bytes. This will cause the arithmetic coder to have at least of
ve OxFF bytes ,at_its input which is interpreted as an end-of-stream marker (see C.3.4 i
0 | ISO/IEC 15444-1:2004). The bit stream does not actually contain a terminating marker. However,
explicitly sighalled enabling the terminating marker to be synthesized for the arithmetic decoder.

— Two OxFE bytes appended in this way is the simplest method. However, other equivalent extensions exist. Thi:

Afithmetic coder termination

tant sincé\seme arithmetic coder implementations might attach special meaning to the specific termination marker.

specified
ktend the

le pair of
h ITU-T
the byte

might be

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 in ITU-T Rec. T.800 |
ISO/TEC 15444-1:2004), the following termination procedure shall be used. Using the notation of C.2, the following
steps can be used:

30

1) Identify the number of bits in code register, C, which must be pushed out through the byte buffer. This is
givenby k= (11-CT) + 1.
2)  While (k > 0):

—  shift Cleft by CT and set CT = 0.
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— execute the BYTEOUT procedure. This sets CT equal to the number of bits cleared out
register.
—  subtract CT from k.

2008 (E)

of the C

3) Execute the BYTEOUT procedure to push the contents of the byte buffer register out to the codestream.

This step shall be skipped if the byte in the byte buffer has a OxFF byte value.

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

If the predictable termination flag is not set, the last byte output by the above procedure can generally be modified,
within certain bounds, without affecting the symbols to be decoded. It will sometimes be possible to augment the last
byte to the special value, 0xFF, which shall not be sent. It can be shown that this happens approximately 1/8 of the time.

D.4.3  Length computation
To inclugde-eedingpasseompressed-image-datainto-packetsthe-number-of-bytesto-be-ineluded-must-be-determined. If
the codirlg pass compressed image data is terminated, the algorithm in the previous clause may be used. Qthenwise, the
encoder ghould calculate a suitable length such that corresponding bytes are sufficient for the decoder to{r¢eonptruct the
coding passes.
D.5 Error resilience segmentation symbol
A segmeptation symbol is a special symbol. Whether it is used or not is signalled in the COD or COC marker fegments
(see A.6]1 and A.6.2 in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004). The symbol is coded with the UNIFORMI context
of the arjthmetic coder at the end of each bit-plane. The correct decoding of this symbol confirms the correctngss of the
decoding of this bit-plane, which allows error detection. At the encoder, a segmertation symbol 1010 or O0xA ghould be
encoded fat the end of each bit-plane (at the end of a cleanup pass). If the segnientation symbol is not decoded [correctly
at the de¢oder, then bit errors occurred for this bit-plane.
NOTE — This can be used with or without the predictable termination.
D.6 Selective arithmetic coding bypass
This style of coding allows bypassing the arithmetic codetyfor the significance propagation pass and njagnitude
refinement coding passes starting in the fifth significant bit-plane of the code-block. The COD or COC mark¢r signals
whether pr not this coding style is used (see A.6.1 and A6.2 in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004).
The first|cleanup pass (which is the first bit-plane-of'a code-block with a non-zero element) and the next thr¢e sets of
significapice propagation, magnitude refinement,\and cleanup coding passes are encoded with the arithmetic cgder. The
fourth clganup pass shall include an arithmeti¢-¢oder termination (see Table D.9).
TableD.9 — Selective arithmetic coding bypass
Bit-planehumber Passtype Coding oper ations
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, terminate
final cleanup AC, terminate
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Starting with the fourth significance propagation and magnitude refinement coding passes, the bits that would have been
provided to the arithmetic coder are instead provided directly to the bit stream. After each magnitude refinement pass,
the bit stream has been "terminated" by padding to the byte boundary.

When the predictable termination flag is set (see COD and COC in A.6.1 and A.6.2 in ITU-T Rec. T.800 | ISO/IEC
15444-1:2004) and all the bits from a magnitude refinement pass have been assembled, any remaining bits in the last
byte are filled with an alternating sequence of Os and 1s. This sequence should start with a 0 regardless of the number of
bits to be padded.

When the termination on each coding pass flag is set (see COD and COC in A.6.1 and A.6.2 in ITU-T Rec.
T.800 | ISO/IEC 15444-1:2004), then the significance propagation passes are terminated in the same way as the
magnitude refinement passes.

The cleanup coding passes continue to provide compressed image data directly to the arithmetic coder and are always
terminated.

The sign|bit is computed with Equation (D-2):

raw value = signbit (D-2)

where rgw_value = 1 is a negative sign bit and raw_value = 0 is a positive sign bit. Table/D.9 shows the coding
sequencd.

The length of each terminated segment, plus the length of any remaining unterminated passes, is signalled in the packet
header ap described in B.10.7 in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004. If Aetmination on each coding pass is
selected [see A.6.1 and A.6.2 in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004), then.€very pass is terminated (Jncluding
both raw|passes).

NOTE 1 — Using the selective bypass mode when encoding an image with an ROI may significantly decrease the compression
efficigncy.

Bits are packed into bytes from the most significant bit to the least significant bit. Once a complete byte is assgmbled, it
is emittefl to the bit stream. If the value of the byte is a OxFF a single zero bit is stuffed into the most significhnt bit of
the next byte. Once all bits of the coding pass have been assémbled, the last byte is packed to the byte boundary and
emitted. [Che last byte shall not be a 0xFF value.

At the decoder, if a OxFF value is encountered in the:bit stream, then the first bit of the next byte is discagded. The

sequencq of bits used in the selective arithmetic coding bypass have been stuffed into bytes using a bit-stuffing [routine.
NOTE 2 — Since the decoder appends OxFF values,’as necessary, to the bit stream representing the coding pass (See D.4.1),
truncdtion 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
in ITY-T Rec. T.800 | ISO/IEC 15444-1:2004);-such truncation is not permitted. The last byte cannot be an OxFF, sinfe the bit-
stuffing routine appends a new byte following the FF, having most significant bit value of 0 and unused bits filled with the
alternpting 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 yertically
scanned [coefficients). That™is, any coefficient from the next code-block scan are considered to be insignifi¢ant. The
COD or| COC marker signals whether or not this style of coding is used (see A.6.1 and A.6.2 in ITY-T Rec.
T.800 | IBO/IEC 15444-1:2004).

To illustfate, the bit labelled 14 in Figure D.1 is encoded as usual using the neighbour states as specified in Figure D.2,

independent0f whether or not contexts are vertically causal. However when vertically causal context formation is used,

th btl Nad 158 1c apnoadad acconiaac Y Y7 1Y N o T2 ra N D
e bit labeHed15-is-encoded-assuming Dr—V—D+—0-rFigure D2

D.8 Flow diagram of the code-block coding

The steps for modelling each bit-plane of each code-block can be viewed graphically in Figure D.3. The decisions made
are in Table D.10 and the bits and context sent to the coder are in Table D.11. These show the context without the
selective arithmetic coding bypass or the vertically causal model.
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No
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D6
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ot T.812(47)_F-D3
Y
D >——{ C0
No
Figure D.3 —Flow chart for all*ceding passes on a code-block bit-plane
Table D.10 — DPecisionsin the context model flow chart
Decisipn Question Descrfiption
DO Is this the first significantbit-plane for the code-block? See|D.3
D1 Is the current coefficient significant? See PD.3.1
D2 Is the context bin zero? (see Table D.1) See D.3.1
D3 Did the current coefficient just become significant? See D.3.1
D4 Are there'more coefficients in the significance propagation?
D5 Is.the coefficient insignificant? See D.3.3
D6 Was the coefficient coded in the last significance propagation? See D.3.3
D7 Are there more coefficients in the magnitude refinement pass?
D8 Are four contiguous undecoded coefficients in a column each with a 0 context? See D.3.4
D9 Is the coefficient significant or has the bit already been coded during the Significance See D.3.4
Propagation coding pass?
D10 Are there more coefficients remaining of the four column coefficients?
D11 Are the four contiguous bits all zero? See D.3.4
D12 Are there more coefficients in the cleanup pass?

I TU-T Rec. T.812 (08/2007)
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Table D.11 — Decoding in the context model flow chart

Code Decoded symbol Context Brief explanation Description
Co - - Go to the next coefficient or column
Cl1 Newly significant? Table D.1, Decode significance bit of current coefficient See D.3.1
9 context labels (significance propagation or cleanup)
C2 Sign bit Table D.3, Decode sign bit of current coefficient See D.3.2
5 context labels
C3 Current magnitude Table D .4, Decode magnitude refinement pass bit of current See D.3.3
bit 3 context labels coefficient
C4 0 Run-length context | Decode run-length of four zeros See D.3.4
1 label Decode run-length not of four zeros
Cs5 00 LINIEQRM First coefficient is first with non-zero hit See D 3.4 and
01 Second coefficient is first with non-zero bit Tahle C.2
10 Third coefficient is first with non-zero bit
11 Fourth coefficient is first with non-zero bit
34 ITU-T Rec. T.812 (08/2007)



https://iecnorm.com/api/?name=c09d8b84b4136bf1f3985738f694cde8

| SO/IEC 15444-13:2008 (E)

Annex E

Quantization

(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 quantization of transform coefficients for encoding. Quantization is the process by which the
transform coefficients are reduced in precision.

E 1 Lnvarca ciantization nracadiira (lnfarmating
. Y EroSC-goatrrerZza o pr-oceoor o

For each|transform coefficient (u, v) of a given sub-band b, the decoded transform coefficient value %(u,v) is|given by

the folloying equation:

_ Np (u,v) .
BUv) = (-25Wv)| S MSB (buv)2Ms-! E-1)

i=l1

NOTE 1 — gy(u, V) is quantized value of ay(u, V) according to Equation (E-6) and %(u,v) is inverse quantization value
of gu(l, V).
where (U, V), Np(u, v) and MSBj(b, u, v) are given in D.2, and where Mg, issretrieved using Equation (E-2), where the
number ¢f guard bits G and the exponent &, are specified in the QCD,or'QCC marker segments (see A.6.4 and A.6.5 in

ITU-T Rec. T.800 | ISO/IEC 15444-1:2004).

Mp = G+gp -1 (E-2)

Each de¢oded transform coefficient gy(U, V) of sub-band b is used to generate a reconstructed transform coefficient
Ra(u, V)| as will be described in E.1.1.

NOTE 2 — Encoding only Ny(u, V) (see D.2.1) bitsplanes is equivalent to encoding data which has been encoded using a scalar
~ Np(uy)

quant{zer with step size 2Mb - A for all the coefficients of this code-block. Due to the nature of the thijee coding

passeg (see D.3), Ny(u, v) may be different for different coefficients within the same code-block.

E.1.1 [ Determination of the quantization step sizein Irreversible transformation

For the ifreversible transformatiert, the quantization step size Ay, for a given sub-band b is calculated from the|dynamic
range Ry|of sub-band b, the-exponent &, and mantissa L, as given in Equation (E-3).

Ap =2Rb‘8b(1+;—blj (E-3)

NOTE 1“¢’Fhe denominator, 2'!, in Equation (E-3) is due to the allocation of 11 bits in the codestream for W, ag given in

Tablel A2 1FE5-FR T o0A L ISOMAREC 15444-1-2004
ADIC o T oI T I T RO o9 2o

In Equation (E-3), the exponent €, and the mantissa L, are specified in the QCD or QCC marker segments (see A.6.4
and A.6.5 in ITU-T Rec. T.800|ISO/IEC 15444-1:2004), and the nominal dynamic range R, (as given by
Equation (E-4)) is the sum of R, (the number of bits used to represent the original tile-component samples which can be
extracted from the SIZ marker — see Table A.11 in A.5.1 in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004) 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.

ITU-T Rec. T.812 (08/2007) 35


https://iecnorm.com/api/?name=c09d8b84b4136bf1f3985738f694cde8

| SO/I EC 15444-13:2008 (E)

Table E.1 — Sub-band gains

sub-band b gain, logx(gainy)
levLL 1 0
levLH 2 1
levHL 2 1
levHH 4 2

Rp =Ry +l0g;(gainy)

(E-4)

The exponent/mantissa pairs (€p,llp) are either signalled in the codestream for every sub-band (expounded quantization)

or else si
in ITU-T|
are deriy
Equation (E-5):

where Ny denotes the number of decomposition levels from the original tile-component.to the sub-band b.
NOTE 2 — For a given sub-band b, a quantized transform coefficient may exceed the dynamic range Ry,

E.1.2

For the r

E.2

(€b,Mp) = (Eo— NL + Ny, o)

Determination of the quantization step sizein reversible transformation

pversible transformation, the quantization step size Ay is equal to énev(no quantization is performed).

Scalar coefficient quantization

gnalled only for the N LL sub-band and derived for all other sub-bands (derived quantization) (see-T4ble A.30
Rec. T.800 | ISO/IEC 15444-1:2004). In the case of derived quantization, all exponent/mantissa pairs (€p,Mp)
bed from the single exponent/mantissa pair (€q,ll) corresponding to the N LL sub-bandj-accqrding to

(E-5)

For irreversible compression, after the irreversible forward disctete wavelet transformation (see Annex F), each of the

transform coefficients ay(u, V) of the sub-band is quantized to the value gy(u, V) according to Equation (E-6).

Iab(u,v)IJ

o)~ sinlu(u) | 2

(E-6)

where A}, is the quantization step size~\Fhe exponent €, and mantissa corresponding to A, can be deriyed from

Equation (E-5), and must be recorded“in the codestream in the QCD or QCC markers (see A.6.4 and A.6.5

Rec. T.8

For revel
in the co
is calculd

where R

0 | ISO/IEC 15444-1:2004):

sible compression, the\quantization step size is required to be 1. In this case, a parameter €, has to be
estream in the QED-er QCC markers (see A.6.4 and A.6.5 in ITU-T Rec. T.800 | ISO/IEC 15444-1:2
ted as:

ep =Ry +logy(gainp )+ ¢

and-gain, are as described in E.1.1, and where (¢ is zero if the RCT is not used and { is the n

n ITU-T

recorded
04), and

(E-7)

mber of

additionatbitsadded by the RET if the RET 15 used; asdescribed i G-2:

For both reversible and irreversible compression, in order to prevent possible overflow or excursion beyond the nominal
range of the integer representation of |qb(u,v)| arising, for example during floating point calculations, the number My, of

bits for the integer representation of (U, V) used at the encoder side is defined by Equation (E-2). The number G of
guard bits has to be specified in the QCD or QCC marker (see A.6.4 and A.6.5 in ITU-T Rec. T.800 |

ISO/IEC
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15444-1:2004). Typical values for the number of guard bits are G=1 or 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)

2008 (E)

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.

F.1

Tile-component parameters

Consider
ITU-TR

Then the

F.2

F.2.1

To perfo
one-dimg
represenf
downsan|
array.

F.2.2

Each til
represent
of decon{

F.2.3
This R

transformation. Given_that tile-component samples are integer-valued, a reversible transformation req

specifical

F.3

+1 —l + 1.C 11 +] 1. + + + 4 1+ . . - —
UIT UIT=CUTITPULICIIU UCTIICU Uy UICT COUTUIIIATS, LA,  TUAL, LYo 4l Uy gIVUID I EHUAUUIT

ec. T.800 | ISO/IEC 15444-1:2004, are reproduced herein:

texo ={ X W tcxlz{ al w tcyoz{ %w toy; = [Lw
XRsiz' XRsiZ' YRsiZ YRsiZ!

coordinates (X, y) of the tile-component (with sample values (X, y)) lie in the range/defined by:

tcXg < x<tcxy  and tcyg < y<tey;

Discrete wavelet transfor mations
L ow-pass and high-passfiltering

m the forward discrete wavelet transformation (FDWT), this Recommendation | International Standa
nsional sub-band decomposition of a one-dimensional array of samples into low-pass cod
ing a downsampled low-resolution version of the original array, and high-pass coefficients, repre
ipled residual version of the original array, needed to perfectly reconstruct the original array from the

Decomposition levels

b-component is transformed into a set of two-dimensional sub-band signals (called sub-bang
ing the activity of the signal in‘various frequency bands, at various spatial resolutions. N, denotes th
position levels.

Discrete wavelet filters

commendation | Intefnational Standard specifies one reversible transformation and one irf

tion of a rounding procedure for intermediate non-integer-valued transform coefficients.

Forward transfor mation

-12) in

(F-1)

rd uses a
fficients,
benting a
low-pass

s), each
e number

eversible
hires the

F.3.1

The EDWT prnm:dl we

The forward discrete wavelet transformation (FDWT) transforms DC-level shifted tile-component samples I(X, Y) into a
set of sub-bands with coefficients ay(Up, V) (FDWT procedure). The FDWT procedure (see Figure F.1) also takes as
input the number of decomposition levels N, signalled in the COD or COC markers (see A.6.1 and A.6.2 in ITU-T
Rec. T.800 | ISO/IEC 15444-1:2004).

>
I(x, y)
— >
N, FDWT ay(uy, v,)
—’ —’
T.812(07)_F-F1

Figure F.1 —Inputsand outputs of the FDWT procedure
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As illustrated in Figure F.2, all the sub-bands in the case where N = 2 can be represented in the following way:

1(x, y)

FDWT

@11 (s Varr) | @opr (s Vo)

ot s Var i) @ar(Uarmss Vorm)

Ay (W Vyar)

v

The FDY

where th|
iterated (

As defin

coordina

Figure F

@y (U Vipy)

@y Uy Vi)

Figure F.2— The FDWT (N, = 2)

VT procedure starts with the initialization of the variable lev (the current decomposition level) to
setting the sub-band ay (UL, Vorr) to the input array I(u, v). The 2D SD procedure is performed at every

e level lev increases by one at each iteration, and until N{ iterations are performed. The 2D _SD pro
ver the levLL sub-band produced at each iteration.

thxg <u<dtbx; and tbyy <v<tby

3 describes the FDWT procedure.

FDWT

lev1=
ag; (u, v) = l(u, v)

T.812(07) FJF2

rero, and
evel lev,
cedure is

ed in Annex B (see Equation (B-15) in Annex B in ITU-T Rec. T.800 | ISO/IEC 15444-1:2004), the
es of the sub-band &y, (U, V) lie in the range defified by:

(F-2)

38
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F.3.2 The?2D_SD procedure

The 2D_SD procedure performs a decomposition of a two-dimensional array of coefficients or samples ey - 1y (U, V)
into four groups of sub-band coefficients &g, | (U, V), &anL(U, V), e n(U, V), and &emnn(U, V).

The total number of coefficients of the lev sub-band is equal to the sum of the total number of coefficients of the four
sub-bands resulting from the 2D _SD procedure.

Figure F.4 describes the input and output parameters of the 2D _SD procedure.

alevLL o
a. . >
Uev= DLL iyt
2D SD a
Uy, Uyy Vo, Vy levLH
Ayevtin
———————>  T812(07) F-F4

Figure F.4 —Inputs and outputs of the 2D_SD procedure

Figure F)5 illustrates the sub-band decomposition performed by the 2D_SD procedure.

Aleyrr | Leyrr

2D SD

Aoy - 1)LL

Aievirr | Dievrin

T@12(07) F-F5

Figure F.5 - One-level decomposition into four subtbands (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 SD
procedurg to all rows of a(u, V). The coefficients thus obtained from a(u, v) are deinterleaved into the four spb-bands
using thd 2D DEINTERLEAVE procedure.

Figure F|6 describes the 2D_SD procedure.

2D SD

a= VERisD(a(lm_ iz gy Uy Vo, Vy)

'

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

|

(@pevs1s Brovtirs Apovstrr Yo = 2D_DEINTERLEAVE(a, uy, uy, vy, vy)
|

T.812(07) F-F6

Figure F.6 —The 2D_SD procedure

F.3.3 TheVER_SD procedure

The VER_SD procedure performs a vertical sub-band decomposition of a two-dimensional array of coefficients. It takes
as input the two-dimensional array e, 1y.L(U, V), the horizontal and vertical extent of its coefficients as indicated by
Up Su<u; and vy < v<v, (see Figure F.7) and produces as output a vertically filtered version a(u, v) of the input array,
column by column. The values of Uy, Ui, Vo, V; used by the VER SD procedure are those of thx,, tbx;, thy,, tby,
corresponding to sub-band b=(lev—1)LL (see definition in Equation (B-15) in Annex B in ITU-T
Rec. T.800 | ISO/IEC 15444-1:2004).
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Uy, Upy Vo, V;
—_—
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Figure F.7 — Inputsand outputs of the VER_SD procedure

As illustrated in Figure F.8, 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.

[ ‘7EP (NIRY )

u=1,
ihy=Vv,

L=V

—,l

X(v) =a(u, v)

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

v
a(u, v) = X(v)

v

u=u+1

-

Yes

Done
T.812(07) F-F8

Figure F.8 — The VER_SD procedure

F.3.4 |[TheHOR_SD procedure

The HOR SD procedure performs a horizontal sub-band decomposition of a two-dimensional array of coeff]
input a two-dimensional array a(u, V), the horizontal and vertical extent of its coefficients as ind

cients. It
cated by

takes as
Up S U<y and Vo < v <y, (see Figure F.9) and produces as output a horizontally filtered version of the input afray, row
by row.
a(u, v)
a(u, v)
HOR SD
Uy, Hl: VU: vl B

T.812(07)_F-F9

Figure F.9 — Inputs and outputs of the HOR_SD procedure

As illustrated in Figure F.10, 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.
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—>l

X(u)=a(u,v)

v

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

v

a(u, v) = Y(u)
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As illust
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The way
2D DEI

a(u, v)

Ugs Uyy Voo V)

v

v=v+1

>

Yes

T.812(07)_F-F10

The2D_DEINTERLEAVE procedure

Fated in Figure F.11, the 2D _DEINTERLEAVE procedure~deinterleaves the coefficients of a(u, v)
s. The arrangement is dependent on the coordinates (Up, ¥/g) ©f the first coefficient of a(u, v).

2D_DEINTERLEAVE

Qievr
AleviL
QevLm

ieyrrr

Figure F.10—The HOR_SD procedure

these sub-bands are formed from the output @(," V) of the HOR SD procedure is describe
NTERLEAVE procedure illustrated in Figure F.12;

T.812(07) F-F11

Figure F.I1—Parametersof 2D_DEINTERLEAVE procedure

into four

| by the
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v v
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up =luy21 v, Zhtl u, = uy/2] v,=v,+1
a A
No ‘ Yes No Yes [ ]
Done
T.812(07)_F-F12
FigureF.12—-The2D_DEINTERLEAVE procedure
F.3.6 |ThedD SD procedure

As illustrated 1n Figure F.13, the ID_SD procedure takes as input a one-dimensional array X(i), the extent of its
coefficients as indicated by ip < i <i,. It produces as output an array Y(i), with the same indices (ig, i1).
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1y, 1}

ID SD
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Figure F.13 — Parametersof the 1D_SD procedure
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