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Summary

This Recommendation | International Standard defines a set of lossless (bit-preserving) and nearly lossless (where the
error for each reconstructed sample is bounded by a predefined value) compression methods for coding continuous-tone
(including bi-level), gray-scale, or colour digital still images.

This Recommendation | International Standard:

—  specifies extensions (including arithmetic coding, extension of near lossless coding, extension of
prediction and extension of Golomb coding) to processes for converting source image data to compressed
image data;

—  specifies extensions to processes for converting compressed image data to reconstructed image data
including an extension for sample tranformation for inverse colour transforms;

—  specifies coded representations for compressed image data;

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

Source

ITU-T Recommendation T.870 was prepared by ITU-T Study Group 16 (2001-2004) and approved on 29 March 2002.
An identical text is also published as ISO/IEC 14495-2.
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FOREWORD

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

The World Telecommunication Standardization Assembly (WTSA), which meets every four years,
establishes the topics for study by the ITU-T study groups which, in turn, produce Recommendations on
these topics.

The approval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution 1.

In some areas of information technology which fall within ITU-T's purview, the necessary standards are
prepared on a collaborative basis with ISO and IEC.

NOTE

In this Recommendation, the expression "Administration" is used for conciseness to indicate both a
telecommunication administration and a recognized operating agency.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to the possibility that the practice or implementation of this Recommendation may
involve the use of a claimed Intellectual Property Right. ITU takes no position concerning the evidence,
validity or applicability of claimed Intellectual Property Rights, whether asserted by ITU members or others
outside of the Recommendation development process.

As of the date of approval of this Recommendation, ITU had received notice of intellectual property,
protected by patents, which may be required to implement this Recommendation. However, implementors
are cautioned that this may not represent the latest information and are therefore strongly urged to consult the
TSB patent database.

© ITU 2002

All rights reserved. No part of this publication may be reproduced, by any means whatsoever, without the
prior written permission of ITU.
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ISO/IEC 14495-2:2003 (E)

INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

Information technology — Lossless and near-lossless compression of
continuous-tone still images: Extensions

1 Scope

This Recommendation | International Standard defines a set of lossless (bit-preserving) and nearly lossless (where the
error for each reconstructed sample is bounded by a predefined value) compression methods for coding continuous-tone
(including bi-level), gray-scale, or colour digital still images.

This Recommendation | International Standard:

—  specifies extensions (including arithmetic coding, extension of near lossless coding, extension of
prediction and extension of Golomb coding) to processes for converting source image data to
compressed image data;

—  specifies extensions to processes for converting compressed image data to reconstructed image data
including an extension for sample tranformation for inverse colour transforms;

—  specifies coded representations for compressed image data;

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

2 Normative references

The following Recommendations and International Standards contain provisions which, through references in this text,
constitute provisions of this Recommendation | International Standard. At the time of publication, the editions indicated
were valid. All Recommendations and Standards are subject to revision, and parties to agreements based on this
Recommendation | International Standard are encouraged to investigate the possibility of applying the most recent
edition of the Recommendations and Standards listed below. Members of IEC and ISO maintain registers of currently
valid International Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of currently
valid ITU-T Recommendations.

2.1 Identical Recommendations | International Standards

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

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

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

2.2 Additional references
— ISO/IEC 646:1991, Information technology — ISO 7-bit coded character set for information interchange.

—  ISO 5807:1985, Information processing — Documentation symbols and conventions for data, program
and system flowcharts, program network charts and system resources charts.

—  ISO/IEC 9899:1999, Programming languages — C.

ITU-T Rec. T.870 (03/2002)
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3 Definitions, abbreviations, symbols and conventions

3.1 Definitions

For the purposes of this Recommendation | International Standard, the following definitions apply in addition to the
definitions used in ITU-T Rec. T.87 | ISO/IEC 14495-1.

3.1.1 arithmetic encoder: An embodiment of an arithmetic encoding procedure.

3.1.2 arithmetic encoding: A procedure which encodes a sample as a binary representation of the sequence of
previously encoded samples by means of a recursive subdivision of a unit interval.

3.1.3 arithmetic decoder: An embodiment of an arithmetic decoding procedure.

3.14 arithmetic decoding: A procedure which recovers source data from an encoded bit stream produced by an
arithmetic encoder.

3.1.5 binary context: Context used to determine the binary arithmetic coding of the present binary decision.

3.1.6 binary decision: Choice between two alternatives.

3.1.7 colour transform: A procedure for sample transformation for inverse colour transform.

3.1.8 sign flipping: The procedure which reverses the sign of a prediction error according to accumulated

prediction errors.

3.1.9 symbol packing: A procedure which may be applied to source images in which sample values are sparsely
distributed.

3.1.10  visual quantization: An extended function of near-lossless coding which enables to change the difference
bound according to the context.

3.2 Abbreviations

In additions to the abbreviations used in ITU-T Rec. T.87 | ISO/IEC 14495-1, the abbreviations used in this
Recommendation | International Standard are listed below.

FLC Fixed length code
LPS Less probable symbol
MPS More probable symbol

33 Symbols

In addition to the symbols used in ITU-T Rec. T.87 | ISO/IEC 14495-1, the symbols used in this Recommendation |
International Standard are listed below. A convention is used that parameters which are fixed in value during the
encoding of a scan are indicated in boldface capital letters, and variables which change in value during the encoding of
a scan are indicated in italicised letters.

Areg current numerical-line interval being renormalized

ArithmeticEncode() a function in the C programming language
Av[0..30] 31 constants corresponding to LPS probability estimate
Avd auxiliary variable storing modified Av

BASIC_T1, BASIC_T2, BASIC_T3, BASIC_T4 basic default threshold values

Bin binary decision

Buf10..1] bytes stored to avoid carry-over propagation to the encoded bit stream
Creg value of code register storing the trailing bits of the encoded bit stream
ENT indication of the coding process used for the scan

Flag[0.MAXVAL] MAXVAL+1 flags which indicate if corresponding sample values already occurred

2 ITU-T Rec. T.870 (03/2002)



GetBinaryContext()
GetByte()
GetGolombk()

Hd

LPScnt[0.MAXS]
MAXecnt

MAXS
MLcnt[0..MAXS]
MPSvalue[0.. MAXS]
nearq
NEARRUN
NMCU

Prob

Ox

S

SOFs,
SPf10..RANGE]
SPm[0.RANGE]
SPt

SPx

T1, T2, T3
T4
TEMErrval

Th[0..29]
TMErrval
TQ
wct

Zerograd

4 General

ISO/IEC 14495-2:2003 (E)

a function in the C programming language
a function in the C programming language

a function in the C programming language

auxiliary variable storing an integer value corresponding to a half of the full range but shifted
according to the size of the current interval

accumulated occurrence count of the LPS (less probable symbol) at each binary context
threshold value at which MLcnt and LPScnt are halved

maximum index of binary contexts

accumulated occurrence count of each binary context

sense of the MPS (more probable symbol) at each binary context

context-dependent difference bound for near-lossless coding using visual quantization
difference bound for near-lossless coding in run mode

number of MCUs

LPS probability estimated from MLcnt and LPScnt

the (quantized) value of a sample to be encoded with fixed length code

index for binary contexts

JPEG-LS frame marker for this extension
RANGE-+1 flags indicating if corresponding mapped error values already occurred
mapping table of MErrval or EMErrval for symbol packing

the smallest positive integer greater than all mapped error values that occurred in the scan up to
this point

number of the different mapped error values that already occurred
thresholds for local gradients
threshold for an additional local gradient

auxiliary variable storing EMErrval
threshold to determine suitable value of Av
auxiliary variable storing MErrval

visual quantization threshold
number of bits by which Areg is shifted

flag indicating local gradients are all zero

The purpose of this clause is to give an overview of this Recommendation | International Standard.

This Recommendation | International Standard defines extensions to the elements specified in ITU-T Rec. T.87 |
ISO/IEC 14495-1. Extensions which pertain to encoding or decoding are defined as procedures which may be used in
combination with the encoding and decoding processes of ITU-T Rec. T.87 | ISO/IEC 14495-1. This Recommendation |
International Standard also defines extensions to the compressed data formats, i.e., interchange. Each encoding or
decoding extension shall only be used in combination with particular coding processes and only in accordance with the
requirements set forth herein. These extensions are backward compatible in the sense that decoders which implement
these extensions will also support configuration subsets that are currently defined by ITU-T Rec. T.87 |

ISO/IEC 14495-1.
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4.1 Extensions specified by this Recommendation | International Standard

The following extensions are specified:

—  An extension which provides for arithmetic coding. This extension will provide higher compression
ratio, especially with high-skew images.

—  An extension which provides for variable near-lossless coding. This extension will provide a wider
variety of possible nearly lossless reconstructions of a source image than ITU-T Rec. T.87 |
ISO/IEC 14495-1. There are two types of variable near-lossless coding, depending on whether the
difference bound is changed:

a) according to its context; or
b) in vertical direction.

—  An extension which provides for a modified prediction procedure in source images in which sample
values are sparsely distributed.

—  An extension which provides for a modified Golomb coding procedure. This modification avoids
possible expansion of compressed image data, and improves coding efficiency by eliminating code
words that are not used.

—  An extension which provides for fixed length coding.

—  An extension which provides for a modified sample transformation process. This extension can be used
to define inverse colour transforms in order to achieve greater efficiency by compressing a source image
in a different colour representation.

The following subclauses describe these extensions in greater detail.

4.1.1 Encoding with arithmetic coding

In JPEG-LS baseline, specified in ITU-T Rec. T.87 | ISO/IEC 14495-1, simple but efficient coding is achieved by the
combination of Golomb coding (regular mode) and the run mode. However, for some very high-skewed image data
such as computer generated images, the compression efficiency is affected by the use of symbol-by-symbol coding in
contexts that present highly skewed distributions. Therefore, coding procedures based on arithmetic coding are
specified in this Recommendation | International Standard as an extended function, which enables alphabet extension
for every context (rather than only in run mode) and provides higher compression performance with a moderate increase
of the coder complexity.

The arithmetic coder adopted in this Recommendation | International Standard is characterized by its fast
multiplication-free arithmetic operation and radix-255 representation. The details are described in Annex A and B.

4.1.2 Extension of near-lossless coding

The extension of the near-lossless coding capabilities of ITU-T Rec. T.87 | ISO/IEC 14495-1 is to allow the NEAR
parameter to vary during the process of encoding a source image. There are two types of variable near-lossless coding,
serving two different purposes.

4.1.2.1 Visual quantization

Visual quantization takes into account the human visual system by primarily performing the quantization in high
activity regions of the image where the activity may mask for the quantization noise. Therefore, by extending the near-
lossless coding capabilities of ITU-T Rec. T.87 | ISO/IEC 14495-1 so that the NEAR parameter can change according
to its context, it becomes possible to provide reconstructed images whose distance from the source image is between
those obtained with compression schemes using NEAR =7 and NEAR = + 1, where n denotes a non-negative integer.

4.1.2.2 Re-specification of NEAR value

This type of variable near-lossless coding can vary the NEAR parameter according to the vertical direction. The main
purpose of this extension of the near-lossless coding capabilities of ITU-T Rec. T.87 | ISO/IEC 14495-1 is to provide a
mechanism by which an encoder can change the value of NEAR according to the observed compressibility of the
source image, which is useful to control the total length of compressed image data within some specified amount. By
this extension, an encoder can compress a source image to less than a pre-specified size with a single sequential pass
over the image. The capability is valuable to applications which utilize a fixed-size compressed image memory.

4 ITU-T Rec. T.870 (03/2002)
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4.1.3 Extension of prediction

The prediction and error coding procedure specified in ITU-T Rec. T.87 | ISO/IEC 14495-1 is not suitable for images
with sparse histograms, such as limited colour images or fewer-bit images expressed by byte form. These images
contain only a subset of the possible sample values in each component, and the edge-detecting predictor specified in
code segment A.5 of ITU-T Rec. T.87 | ISO/IEC 14495-1 would tend to concentrate the value of the prediction errors
into a reduced set. However, the prediction correction procedure specified in code segment A.6 of ITU-T Rec. T.87 |
ISO/IEC 14495-1 tends to spread these values over the entire range. In addition, the Golomb coding procedure would
assign short code words to small prediction errors, even those that do not occur in the image component.

The goal of this extension is to modify the prediction procedure in order to alleviate this unwanted effect by checking
the occurrence of the corrected predicted value Px in the past. This extension also provides a modified coding procedure
to improve the coding efficiency for these images.

4.1.4 Extension of Golomb coding

In addition to the specification of Golomb coding defined in ITU-T Rec. T.87 | ISO/IEC 14495-1, two modifications are
incorporated in this Recommendation | International Standard as follows:

4.1.4.1 Golomb code completion

More effective usage of Golomb code words is specified in this Recommendation | International Standard, in which the
final bit "1" in the longest possible unary representation used in a Golomb code, which is redundant, shall be omitted.
This procedure improves the coding efficiency especially in cases in which this Recommendation | International
Standard is also applied to bi-level images.

4.1.4.2 Omission of run interruption sample coding

In cases in which this Recommendation | International Standard is also applied to bi-level images and the mode is not
sample interleaved, the encoding of the run interruption sample is superfluous and shall be omitted.

4.1.5 Fixed length coding

In this Recommendation | International Standard, a procedure to avoid situations in which the compressed image data is
larger than the source image data is incorporated. The values of image samples, or the quantized values in near-lossless
coding, are encoded with a fixed length code. The region in a scan to be encoded with a fixed length code is specified
by appending a marker indicating the beginning of the fixed length coding and the end of the fixed length coding after
an appropriate MCU.

4.1.6 Sample transformation for inverse colour transforms

In this Recommendation | International Standard, a procedure for sample transformation is provided, in addition to the
ones defined in ITU-T Rec. T.87 | ISO/IEC 14495-1. This procedure uses corresponding values of decoded samples in
the various components, to reconstruct the source image data, which is of the same precision as the encoded data. The
goal of this extension is to facilitate the use of this Recommendation | International Standard in conjunction with colour
transforms to improve coding efficiency.

4.2 Descriptions of extended functions

The coding procedure specified in Annex A of ITU-T Rec. T.87 | ISO/IEC 14495-1 is referred to as baseline coding
process. The newly introduced coding procedure, modified from the baseline coding process, is referred to as
arithmetic-based process. The context modelling for the arithmetic-based coding process is described in Annex A, and
the arithmetic coding procedure of a binary symbol for the given context is described in Annex B. The functions
outlined in 4.1.2, 4.1.3 and 4.1.6 can be used on either arithmetic-based coding process or baseline coding process. The
functions outlined in 4.1.4 and 4.1.5 can be used only in baseline coding process. All the extended functions are
optional and the combinations of the extended functions are arbitrary under this general rule.

The use of the extended functions outlined in 4.1.2 and 4.1.3 in conjunction with the arithmetic-based coding process is
also described in Annex A. The use of the extended functions outlined in 4.1.2 and 4.1.3 in conjunction with the
baseline coding process is described in Annex D by referring to the differences with respect to the coding process of the
non-extended functions described in ITU-T Rec. T.87 | ISO/IEC 14495-1. The functions outlined in 4.1.4 are also
described in Annex D.

The extended functions outlined in 4.1.5 are described in Annex E. The extended functions outlined in 4.1.6 on both
arithmetic-based and baseline coding are described in Annex F.
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The contents of the annexes for extended functions are summarized in Table 1.

Table 1 — Combination of extended functions and corresponding annex

Extended | Extension of | Extension of Arithmetic Extension of | Fixed length Colour
functions | near-lossless prediction coding Golomb coding transform
coding procedure coding
Coding process
Baseline coding process Annex D Annex D Annex D Annex E
. - Annex F
Arl‘ghmetlc based Annex A Annex A Annex B
coding process
5 Interchange format requirements

The interchange format is the coded representation of compressed image data for exchange between application
environments.

The interchange format requirements are that any compressed image data represented in interchange format shall
comply with the syntax and code assignments appropriate for the coding process and extensions selected, as defined in
Annex C of ITU-T Rec. 87 | ISO/IEC 14495-1 and Annex G.

6 Encoder requirements

An encoding process converts source image data to compressed image data. ITU-T Rec. T.87 | ISO/IEC 14495-1
specifies baseline coding processes. This Recommendation | International Standard defines arithmetic-based coding
process and encoding extensions which may be used in combination with baseline coding process or arithmetic-based
coding process.

An extended encoder is an embodiment of one (or more) of the encoding processes specified in this Recommendation |
International Standard or ITU-T Rec. T.87 | ISO/IEC 14495-1 used in combination with one or more of the encoding
extensions specified herein. In order to comply with this Recommendation | International Standard, an extended encoder
shall satisfy at least one of the following two requirements.

An extended encoder shall:

a) convert source image data to compressed image data which conform to the interchange format syntax
specified in Annex G;

b) convert source image data to compressed image data which comply with the abbreviated format for
compressed image data syntax specified in Annex G.

Conformance tests for the above requirements are specified in clause 8.

NOTE — There is no requirement in this Recommendation | International Standard that any encoder which embodies one of the
encoding processes and extensions shall be able to operate for all ranges of the parameters which are allowed. An encoder is only
required to meet the applicable conformance tests, and to generate the compressed data format according to Annex G for those
parameter values which it does use.

7 Decoder requirements

A decoding process converts compressed image data to reconstructed image data. Since the decoding process is
uniquely defined by the encoding process, there is no separate normative definition of the decoding processes. The
values of samples output by the decoding process are used as vector components in an inverse colour transform. The
inverse colour transform is specified in Annex F. If no transform is specified for a sample component, then the colour-
transformed sample value is identical to the sample value output by the decoding process. In this case, an inverse point
transform may also be applied (see 4.3.2 of ITU-T Rec. T.87 | ISO/IEC 14495-1). A subsequent sample mapping
procedure uses the value of each sample output by the inverse colour transform procedure to map each sample value to
sample-mapped value using the mapping tables specified for that sample component in Annex C of ITU-T Rec. T.87 |
ISO/IEC 14495-1. Again, if no table is specified for that sample component, then the sample-mapped value is identical
to the colour-transformed sample value (after possible inverse point transform).
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A decoder is an embodiment of the decoding process implicitly specified by the encoding process as specified in ITU-T
Rec. T.87 | ISO/IEC 14495-1 and this Recommendation | International Standard, followed by the embodiment of the
sample transformation process defined above. In order to comply with this Recommendation | International Standard, an
extended decoder shall satisfy all three of the following requirements.

An extended decoder shall:

a) convert to reconstructed image data any compressed image data with parameters within the range
supported by the application, and which comply with the interchange format syntax specified in
Annex G. In the reconstructed image data output by the embodiment of the decoding process (before
sample transform), the values of each sample shall be identical to the reconstructed values defined in the
encoding process;

b) accept and properly store any table-specification data which conform to the abbreviation format for
table-specification data syntax specified in Annex C of ITU-T Rec. T.87 | ISO/IEC 14495-1;

c) convert to reconstructed image data any compressed image data with parameters within the range
supported by the application, and which conforms to the abbreviated format for compressed image data
syntax specified in Annex G, provided that the table specification data required for sample mapping has
previously been installed in the decoder.

NOTE — There is no requirement in this Recommendation | International Standard that any decoder which embodies one of the
decoding processes and extensions shall be able to operate for all ranges of the parameters which are allowed. A decoder is only
required to meet the applicable conformance tests, and to decode the compressed image data format specified in Annex G for
those parameter values which it does use.

8 Conformance testing for extensions

8.1 Purpose

The conformance tests specified in this Recommendation | International Standard are intended to increase the likelihood
of compressed image data interchange by specifying a range of tests for both encoders and decoders. The tests are not
exhaustive tests of the respective functionality, and hence do not guarantee complete interoperability between
independently implemented encoders and decoders. The main purpose of these conformance tests is to verify the
validity of encoding and decoding process implementations, and the corresponding compressed image data. It is not an
objective of these tests to carry out extensive verification of the interchange format or marker segment syntax. The
marker segment syntax follows closely the interchange formats specified in Annex B of ITU-T Rec. T.81 |
ISO/IEC 10918-1, and testing procedures similar to those specified in ITU-T Rec. T.83 | ISO/IEC 10918-2 can be used
for the purpose of verifying interchange format and marker segment syntax.

The tests are based on a set of test images which are incorporated into this specification in digital form.

8.2 Encoder conformance tests

Encoders are tested by encoding a source test image (see Annex I) using the encoder under test, and then comparing the
compressed image data produced by the encoder to the compressed image data listed in Table 1.2. The coded data
segments of the compressed image data shall match those of the compressed image data in Table [.2.

The encoding shall be carried out for each of the tests listed in Table 1.2 using the test images listed in the "Source
Image" column, and using the parameters specified in the table. Restart markers shall not be inserted. The encoder
testing procedure is illustrated in Figure 1.

NOTE — This testing is restricted to conformance of the coded data segments only, excluding marker segments (as different
marker segments may represent the same coding parameters).

The above conformance tests shall be performed without sample mapping and with Pt = 0.

8.3 Decoder conformance tests

Decoders are tested by decoding compressed test image data (see Annex I) using the decoder under test and comparing
the reconstructed image to the corresponding source test image. The image reconstructed by the decoder under test shall
exactly match the source test image in the case of lossless coding (NEAR = 0). In the case of near-lossless coding
(NEAR > 0), the image reconstructed by the decoder under test shall be the source image data with NEAR for all
samples.
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START

Input source test
image

Set encoder
parameters

Encode with
encoder under test

Compare with
compressed test
image data

Match
exactly?

All
tests done?

FAIL

T1610540-02

Figure 1 — Encoder testing procedure
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The decoding conformance tests shall be carried out for each of the tests listed in Table 1.2, using as an input the
compressed test image data listed in the "Compressed file name" column, with the parameters specified in the table. The

source test images used for the comparison are listed in the "Source image" column of Table 1.2. The decoder testing
procedure is illustrated in Figure 2.

START

Input compressed test
image

Decode with
decoder under test

Compare with
source
image data

Match?

All
tests done?

FAIL

T1610550-02

Figure 2 — Decoder testing procedure
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Annex A

Encoding procedures with arithmetic coding for a single component

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

This annex specifies the encoding procedures using arithmetic coding. The encoding procedures using arithmetic coding
(arithmetic-based coding process) is similar to those using Golomb coding (baseline coding process), which is specified
in Annex A of ITU-T Rec. T.87 | ISO/IEC 14495-1. However, since there are many differences in detail, this
independent annex is provided for its description. The main differences are as follows:

—  Binary arithmetic coding is used in stead of Golomb coding.
—  No classification for regular mode and run mode.
—  Binarization of mapped-error and context modelling for binary arithmetic coding are performed.

—  The number of samples used in context modelling is increased from four to five.

This annex presumes a single component. The necessary modifications for dealing with multiple-component scans are
specified in Annex C.

NOTE — There is no requirement in this Recommendation | International Standard that any encoder or decoder shall implement
the procedures in precisely the manner specified in this annex. It is necessary only that an encoder or decoder implement the
function specified in this annex. The sole criterion for an encoder or a decoder to be considered in conformance with this
Recommendation | International Standard is that it satisfy the requirements determined by the conformance tests given in
clause 8.

Al Coding parameters and compressed image data

A number of parameters are necessary to specify the arithmetic-based coding process in this Recommendation |
International Standard. The coding of these parameters in the compressed image data, and a normative set of default
values for some of these parameters are specified in Annex G. This Recommendation | International Standard does not
specify how these parameters are set in the encoding process by any application using it, if non-default values are used.

The bits generated by the encoding process forming the compressed image data shall be packed into 8-bit bytes. These
bits shall fill bytes in decreasing order of significance. As an example, when outputting a binary code a,, a,.1, @,.,....do,
where a, is the first output bit, and a, is the last output bit, a, will fill the most significant available bit position in the
currently incomplete output byte, followed by a,.1, a,,, and so on. When an output byte is completed, it is placed as the
next byte of the encoded bit stream, and a new byte is started.

Marker segments are inserted in the data stream as specified in Annex G. In the coded data segment, a bit '0' is inserted
after the X'FF' byte like the procedures specified in ITU-T Rec. T.87 | ISO/IEC 14495-1 in the baseline coding process,
but in the arithmetic-based coding process, which is specified in Annex B, no such treatment is necessary because every
X'FF' byte, if happened, shall be always followed by X'00' byte in the data stream and will not be mistaken as marker
code.

A2 Initializations and conventions

A.2.1 Initializations

The differences from the initializations specified in A.2.1 of ITU-T Rec. T.87 | ISO/IEC 14495-1 are as follows :
—  initialization of reconstruction values outside the border of an image;

—  initialization of additional counters of 4, B, C and N, which are caused by the increase of samples used
for context modelling;

—  initialization of variables for arithmetic coding;

—  elimination of initialization of variables for the run mode.
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The context modeling procedure specified in this annex uses the causal template a, b, ¢, d and e depicted in Figure A.1.
When encoding the first line of a source image component, the samples at positions b, ¢, and d are not present, and their
reconstructed values are defined to be zero. If the sample at position x is at the start or end of a line so that either a, ¢
and e, or d is not present, the reconstructed value for a sample (samples) in position a and e, or d is defined to be equal
to Rb, the reconstructed value of the sample at position b, or zero for the first line in the component. The reconstructed
value at a sample in position ¢, in turn, is copied (for lines other than the first line) from the value that was assigned to
Ra when encoding the first sample in the previous line. If the sample at position x is at the second column of a line so
that e is not present, the reconstructed value for a sample in position e is copied from the value that was assigned to Ra
when encoding the previous sample.

The following initializations shall be performed at the start of the encoding process of a scan, as well as in other
situations specified in Annex H. All variables are defined to be integers with sufficient precision to allow the execution
of the required arithmetic operations without overflow or underflow, given the bounds on the parameters indicated in
Annex G:

1) Compute the parameter RANGE: For lossless coding (NEAR = 0), RANGE = MAXVAL +1. For near-
lossless coding (NEAR > 0):

*
RANGE — LMAXVAL +2*NEAR J ol

2*NEAR +1

NOTE 1 — MAXVAL and NEAR are coding parameters whose values are either default or set by the application
(see Annex C of of ITU-T Rec. T.87 | ISO/IEC 14495-1).

Compute the parameters gbpp = |_10g RANGE |, bpp = max(2, rlog(MAXVAL+1)-|).

2) Initialize the variables N[0..1091], 4[0..1091], B[0..1091] and C[0..1091], where the nomenclature [0..i]
indicates that there are i + 1 instances of the variable. The instances are indexed by [Q], where O is an
integer between 0 and i. For example, C[5] corresponds to the variable C indexed by 5. Each one of the
entries of A4 is initialized with the value:

RANGE +2°

max| 2,
26

those of N are initialized with the value 1, and those of B and C with the value 0.

3) Initialize the wvariables for the arithmetic coder, LPScnt[0.MAXS], MLcnt[0.MAXS] and
MPSvalue[0. MAXS], where MAXS is the maximum index of binary contexts. At the nodes for the
unary representation of the Golomb code tree described in A.5.2, counters are initialized as LPScnt[S]=2
and MLcnt[S]=4, where S is an index of the binary context. At the nodes in sub-trees, counters are
initialized as LPScnt[S]=4 and MLcnt[S]=8. The sense of MPS MPSvalue[S] is initialized as
MPSvalue[ST=0 for all the binary contexts.

4) Initialize the error tolerance for near-lossless coding as nearqg = NEAR (in lossless, nearqg = 0). If an
extended function of near-lossless coding is indicated, initialize the visual quantization threshold TQ as
is specified in the LSE marker segment..

NOTE 2 — In the extended near-lossless coding specified in this Recommendation | International Standard, the
error tolerance nearq is variable, although in coding and near-lossless coding without the extension and lossless
coding, it is fixed to NEAR during the encoding of a scan.

5) If the extension of prediction is indicated, initialize the variable Flag[l.MAXVAL]. Flag[0] is
initialized with the value 1, and Flag[1..MAXVAL] with the value 0.

T1610560-02

Figure A.1 — Causal template used for encoding with arithmetic coding
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A2.2 Conventions for figures

In the remaining clauses of this annex, various procedures of the encoding process are specified in software code
segments, written in the C programming language, as specified in ISO/IEC 9899:1990. The syntax and semantics of C
shall be assumed in all code segments contained in this annex.

All variables used in the code segments are assumed to be integer, and to have sufficient precision to allow the
execution of the required arithmetic operations without overflow or underflow, given the bounds on the parameters
indicated in Annex C of ITU-T Rec. T.87 | ISO/IEC 14495-1 and Annex G. When division and right shift operations are
indicated, all variables used are non-negative integers so that the exact computation of quotients, remainders and shifted
quantities is unambiguously specified. The figures are used to specify parts of the encoding process, and do not
constitute, by themselves or in any aggregation, a full implementation of the process.

In addition to the variables and parameters specified in 3.1 for the encoding and decoding processes, the following
auxiliary labels, global variables, and functions are used in the software code segments:

abs(i) Function: returns the absolute value of i in accordance with the definition in
3.1.4 of ITU-T Rec. T.87 | ISO/IEC 14495-1.

max(i, j) Function: returns the maximum of i and j in accordance with the definition in
3.1.47 of ITU-T Rec. T.87 | ISO/IEC 14495-1.

min(i, ) Function: returns the minimum of i and j in accordance with the definition in
3.1.48 of ITU-T Rec. T.87 | ISO/IEC 14495-1.

AppendToBitStream(j, ;) Function: appends the non-negative number i in binary form to the encoded

bit stream, using j bits. Most significant bits are appended first. The process
guarantees that j bits are sufficient to represent i exactly.

ModRange(i, RANGE) Function: returns the value of i modulo RANGE as described in A.4.5.

ArithmeticEncode(Bin, S) Function: encodes a binary decision Bin conditioned with the binary context
S by the arithmetic coding specified in Annex B.

GetBinaryContext() Function: returns the binary context S for a binary decision to be encoded
according to the binarization specified in A.5.2.

GetGolombk(S) Function: returns the Golomb parameter k used to binarize a mapped error.

GetByte() Function: reads the next byte from the coded image data segment and returns
the byte.

A3 Context determination

In the arithmetic-based coding process, five samples are used for context modelling instead of four samples used for the
baseline coding process. In this case, an explicit run mode does not exist; however, contexts with small local gradients
are recognized by a flag.

After a number of samples have been coded scanning from left to right and from top to bottom, the sample x positioned
as in Figure A.1 shall be encoded. The context at this sample shall be determined by the previously reconstructed values
Ra, Rb, Rc, Rd, and Re corresponding to the samples a, b, ¢, d, and e as shown in Figure A.1, respectively. In lossless
coding, the reconstructed values are identical to those of the source image data. The steps in context determination, to
be performed in the presented order, are the following:

A3.1 Local gradient computation

The first step in the context determination procedure shall be to compute the local gradient values, D1, D2, D3 and D4
of the neighbourhood samples, as indicated in Figure A.2.

DI =Rd—Rb;
D2=Rb— Rc;
D3 = Rc — Ra;,
D4 =Ra— Re;

Figure A.2 — Local gradient computation for context determination
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A3.2 Flat region detection

In the arithmetic-based coding process, an explicit run mode does not exist; however, when the local gradients are all
zero (for lossless), or their absolute values are less than or equal to NEAR, the context that meets the above condition is
recognized by a flag.

if ((abs(D1) <=NEAR) & & (abs(D2) <=NEAR) & & (abs(D3) <=NEAR) )
Zerograd =1;
else

Zerograd =0;

Figure A.3 — Flat region detection procedure

if (DI=0)&&(D2=0)&&(D3==0))
Zerograd =1;

else
Zerograd =0;

Figure A.4 — Flat region detection procedure for lossless coding

A33 Local gradient quantization

The context determination procedure shall continue by quantizing D1, D2, D3, and D4 according to the procedure
specified in Figures A.5 and A.6. For this purpose, non-negative thresholds, T1, T2, T3 and T4 are used. The default
values of these thresholds, and ways to explicitly override these defaults are specified in Annex G. In Figure A.5, the
entry Di to the procedure is one of the values D1, D2, or D3 from the local gradient computation step. According to
their relation with the thresholds, a region number Qi is obtained (Q1, O2, O3 and Q4 respectively). The procedures in
Figures A.5 and A.6 form a vector (Q1, Q2, O3, 04) representing the context for the sample x.

if (Di<=-T3) Qi=-4;

elseif (Di <=-T2) Qi =-3;
elseif (Di <=-T1) Qi =-2;
elseif (Di <—NEAR) Qi =-1;
elseif (Di <=NEAR) Qi =0;
elseif (Di <T1) Qi =1,

elseif (Di <T2) Qi=2;

elseif (Di<T3) Qi=3;

else Qi =4,

Figure A.5 — Quantization of the most significant gradients

if (D4<=-T4) 04 =—1;

elseif (D4 <T4) 04 =0;
else Q4=1,;

Figure A.6 — Quantization of the least significant gradients
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A3.4  Quantized gradient merging

If the first non-zero element of the vector (Q1, O2, 03) is negative, then all the signs of the vector (Q1, 02, 03, 04)
shall be reversed to obtain (—Q1, —Q2, —-03, —04), and the variable SIGN shall be set to —1, otherwise it shall be set to
+1. By this possible "merging", the total of 9 X 9 X 9 x 3 = 2187 possible vectors, defined by the procedure in
Figures A.5 and A.6, is merged into {(9 X 9 x 9+1)/2 } x 3 =1095. The vectors (0, 0, 0, —1), (0, 0, 0, 0) and (0, 0, 0, 1)
are also merged into one context at the same time. By these possible merging, the possible number of single component
contexts will be 1093.

The function to map the vector (Q1, Q2, O3, 04) except (0, 0, 0, —1), (0, 0, 0, 0) and (0, 0, 0, 1) to the integer O
representing the context for the sample x on a one-to-one basis is not specified in this Recommendation | International
Standard. This Recommendation | International Standard only requires that the mapping shall be one-to-one to produce
an integer in the range of [0..1091].

A.3.5  Adjustment of error tolerance for near-lossless coding with visual quantization

If near-lossless coding with visual quantization is indicated as an extended function, adjust the error tolerance nearg as
in Figure A.7.

if(| Q1+ Q2] +[ 03 [>=TQ)
nearqg =NEAR +1;

else
nearq =NEAR;

Figure A.7 — Adjustment of NEAR value

A4 Prediction

The procedures of prediction is the same as in baseline coding process except that sign flipping specified in Figure A.12
is performed. The following steps shall be performed in the order specified.

A4.1 Edge-detecting predictor

An estimate Px of the value at the sample at x to be encoded shall be determined from the values Ra, Rb, and Rc at the
positions a, b, and ¢ specified in Figure A.1, as indicated in Figure A.8.

if (Rc >=max(Ra, RD))
Px =min(Ra, Rb);
else {
if (Rc <= min(Ra, Rb))
Px =max(Ra, Rb);
else
Px=Ra+ Rb—Rc;

Figure A.8 — Edge-detecting predictor

A4.2 Prediction correction

After Px is computed, if Zerograd is zero, the prediction shall be corrected according to the procedure depicted in
Figure A.9 or Figure A.10, which depends on SIGN, the sign detected in the context determination procedure. The new
value of Px shall be clamped to the range [0.. MAXVAL]. The prediction correction value C[Q] is derived from the bias
as specified in A.6.2.
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if (Zerograd =0) {
if (SIGN == +1)
Px=Px+C[Q];
else
Px=Px—-C[Q];

if (Px>MAXVAL)
Px=MAXVAL;

else if(Px <0)
Px=0;

Figure A.9 — Prediction correction from the bias

If the extension of prediction is indicated, the procedure in Figure A.10 is performed instead of Figure A.9.

if (Zerograd ==0) {
Pmed = Px;
if (SIGN ==+1)
Px = Pmed + C[Q];
else
Px = Pmed - C[Q];

if (Px>MAXVAL)
Px=MAXVAL;
else if(Px < 0)
Px=0;

if( Flag[ Px]==0) {
if (Px < Pmed)
for (Px ++; Flag[ Px] == 0; Px + +);
else
for (Px --; Flag[ Px]==0; Px --);

Figure A.10 — Prediction correction for the extension of prediction

A4.3 Computation of prediction error

Using the value of Px, corrected by the above procedure, the prediction error, Errval, shall be computed. If the sign of
the context, given by SIGN, is negative, the sign of the error shall be reversed. This is shown in Figure A.11 for the

sample at position x, with value Ix.

Errval = Ix — Px;
if (SIGN==-1)

Errval = —Errval;

Figure A.11 — Computation of prediction error

ITU-T Rec. T.870 (03/2002)
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Furthermore, in the arithmetic-based coding process, if Zerograd is zero, the sign of Errval shall be flipped according to
the sign of B[Q] as specified in Figure A.12. This process has good effect since the shapes of the distribution of the
value of Errval for positive B[Q] and negative B[] is quite mirror like.

if( (Zerograd ==0) & & (B[Q]>0))

Errval =- Errval;
Figure A.12 — Sign flipping

A4.4 Error quantization for near-lossless coding, and reconstructed value computation

In lossless coding (nearq = 0), the reconstructed value Rx shall be set to Ix. In near-lossless coding (nearg > 0), the error
shall be quantized. After quantization, the reconstructed value Rx of the sample x, which is used to encode further
samples, shall be computed in the same manner as the decoder computes it. These operations are shown in Figure A.13.

if (Errval > 0)
Errval = (Errval + nearq) /(2* nearq +1);
else

Errval =—(nearq— Errval) /(2* nearq +1);

if( (Zerograd ==0) & &(B[Q] > 0))

Rx = Px+SIGN * Errval * (2 * nearq +1);
else

Rx = Px—SIGN * Errval * (2* nearq +1);

if (Rx<0)
Rx=0;

else if (Rx > MAXVAL)
Rx =MAXVAL;

Figure A.13 — Error quantization and computation of the reconstructed value in near-lossless coding

NOTE - In the extended near-lossless coding specified in this Recommendation | International Standard, the error tolerance
nearq is variable, although in near-lossless coding without the extension, it is fixed to NEAR during the encoding of a scan.

A4.5 Modulo reduction of the prediction error

The error shall be reduced to the range relevant for coding, (-RANGE/2].. [RANGE/2}-1). This is achieved with the
steps detailed in Figure A.14 (function ModRange()).

if(Errval < 0)
Errval = Errval + RANGE,
if(Errval >= (RANGE +1)/2))
Errval = Errval —-RANGE;

Figure A.14 — Modulo reduction of the error

A5 Prediction error encoding

The procedures to encode the prediction error are considerably different from those of the baseline coding process. A
non-negative integer MErrval mapped from the variable Errval shall be encoded with the binary arithmetic coder. The
mapped error value, MErrval, is binarized by Golomb code. The Golomb parameter & shall be decided from the activity
class Act, which is derived from accumulated prediction error magnitudes 4.
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AS1 Error mapping

The prediction error, Errval shall be mapped to a non-negative value, MErrval as specified in Figure A.15.

if(Errval >=0)

MErrval =2* Errval;
else

MErrval =-2% Errval -1;

Figure A.15 — Error mapping to non-negative values

A5.2 Binarization of MErrval with the Golomb code tree

The mapped-error shall be decomposed into the sequence of binary decisions so as to be encoded with the binary
arithmetic coder specified in Annex B. The binarization is done according to a code tree, which is specified according to
the activity class Act associated with the Golomb parameter £ as in Figure A.16.

if( Zerograd ==0) {
for(k =0; (N[Q]<<k) < A[Q]+ N[Q]/2; k++);
if( gbpp <10) {
if(k>0)
(5*(N[Q] << k) >T*(A[Q]+ N[Q]/2))
Act=2%k;
else
Act=2%k+1,
else
Act =1;
}else
Act=k+1;
if( Act >11) Act=11;
}else
Act =0;

Figure A.16 — Computation of the activity class Act

The code tree is composed of a number of sub-trees, each of which represents the leaves of 2* and the value of k& may
differ according to the activity class and also the order of the sub-trees in the code tree. If the leaf to be coded is in the
sub-tree now being separated, symbol 0 is given, and otherwise symbol 1 is given. In the sub-tree, 2 * leaves are binary
expressed with fixed length code. The total binarization is done combining such sub-tree separation and in-sub-tree
expression. In the code tree specified here, the parameter & of first some sub-trees are given as k= Ac#/2 | if qbpp < 10,
otherwise A~=max(Act-1, 0). After the first some sub-trees, the & parameter of sub-trees may take larger value, and sub-
trees may be merged into the sub-trees of the code trees of higher activity classes. Each node of the whole code trees,
including both sub-tree separation and in-sub-tree binarization, is referred by its unique index, which is denoted as S.
The index S ranges between 0 to MAXS, where MAXS is defined as follows :

If qbpp < 10,
min(qbpp—1, 5) min(qbpp—2, 4)
MAXS =min(4,RANGE)+ Y 2%-min(6,[RANGE/2¢)+ )" 2k.min(8,/ RANGE /2¥)
k=1 k=0
+2min(gbpp —1,5) [ RANGE / 2 min(¢bpp —1,5)] 1
otherwise,

min(qbpp-2,9) ) ]
MAXS =3+ > 2F.min(8,| RANGE /2¥])+2 min(@bpp=110). [RANGE / 2 min(dbpp—1,10)]
k=1

ITU-T Rec. T.870 (03/2002) 17



ISO/IEC 14495-2:2003 (E)

Figure A.18 shows the structure of the code tree separated into sub-trees in case of gbpp < 10. For the case of
gbpp = 10, the code tree shown in Figure A.19 is applied. In the figures, the merging of the sub-trees of different
activity class trees is indicated by connecting the sub-trees of lower activity classes to those of the higher activity
classes. If RANGE is not so large as to use all the sub-trees with mapped-error values, unnecessary sub-trees will be
just omitted. At the last sub-tree separation, that means the largest mapped-error is contained in the sub-trees, the
decision result of the sub-tree separation is obvious. Also if the number of leaves in a sub-tree is larger than the possible
mapped error being left, which may occur especially in near-lossless cases, not all the leaves of the sub-trees are
assigned mapped-errors, and not all the binarization patterns within the sub-tree will happen. Even in these cases, the
arithmetic coder encodes the binary decisions associated with these obvious decisions. But in such obvious cases, since
the probability of a symbol is set to 1.0 or 0.0 beforehand, it does not hurt the coding efficiency.

MErrvalTMP = MErrval,
while(1) {
S = GetBinaryContext();
k = GetGolombk(S);
if(MErrvalTMP >=(1<< k)){
ArithmeticEncode(l, S);
MErrvalTMP = MErrvalTMP — (1 << k);

}
else {
ArithmeticEncode(0, S);
while(k --) {
S = GetBinaryContext();
ArithmeticEncode((MErrvalTMP >> k) &1, S);
H
break;
H

Figure A.17 — Encoding of binary decisions with arithmetic coding

A5.3 Mapped-error encoding

The sequence of binary decisions of the mapped error value, MErrval, shall be encoded as in Figure A.17, with the
binary arithmetic coder specified in Annex B. The probability estimate of each binary decision is conditioned on the
index of the node S, which is called binary context. Every node in the sub-tree structure or of binarization within sub-
trees in Figure A.18 or A.19 has two counters, LPScnt[S] and MLcnt[S], which are a counter for the LPS (less probable
symbol) and a counter for both of the LPS and MPS (more probable symbol), respectively. According to the data of the
counters, the occurrence probability of a binary symbol is estimated.

The counters are initialised as LPScnt[S]=2 and MLcnt[S]=4 at binary contexts associated with sub-tree separation,

while LPScnt[S]=4 and MLcnt[S]=8 for binary contexts within the sub-trees. Notice that the counters for the decisions
on which one symbol never happens are initialized as LPScnt[S]=0 and MLcnt[S]=1.

A.6 Update variables

The last step of the encoding of the sample x is the update of the variables 4, B, C, and N. It is important to note that this
update shall be performed at the end of the coding procedure, after k£ and MErrval are computed.

A.6.1 Update
The variables A[Q], B[Q], and N[Q] are updated according to the current prediction error, as in Figure A.20. The

variables A[Q] and B[Q] accumulate prediction error magnitudes and values for context Q, respectively. The variable
N[ Q] accounts for the number of occurrences of the context O since initialization.
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ISO/IEC 14495-2:2003 (E)

a0~ 10 o ol o Jof 0
st o oo oo oo s oo oo o i |
a2 it ol et bl 5 o

saes Lt e Lo P P e s oo
wssmploplablaplepbbzh

Act=s —»{ =2 | k=2 [ k2 ol k2 ol k2 [ k2 =2 |l =2 }—‘
Ac’:6*< k=3 }_" k=3 H =3 H =3 #.{ =3 }_,‘ - e

saer L ica ol iea Joiea ol ol o 3 ol |

s~ ol o o Pt oo

savo sl ol ol ol ol o s o i |

sar0-of 15 ol s ol s ol ks Jof ks o

i ics ol s ol s Pof s ol i o s
v,

=5

'
'
i
i

A4

sub-tree(k=2) sub-tree(k=2)——

Binary symbol to be coded

' 21 MErrval assigned to each leaf

Figure A.18 — Binary decision tree for lossless coding with gbpp < 10

v

T1610570-02

ITU-T Rec. T.870 (03/2002)

19



ISO/IEC 14495-2:2003 (E)

I

_j_;Tﬂ:T_j_;Tﬂj__]_;Tﬂj_

gl
1k
2 |
el el el
e o] ot o it o] s
s
6
w7
a

T
(9

T
=)

T
BN |

T
[oe]

Act=94>| k=8 |—>| k=8 |—>| k=8 |—>| k=8 |—¢>{ k=8 }—V‘ k=8 H =8
Act=104>| k=9 |—>| k=9 |—>| k=9 |—>| k=9 }&P{ k=9 }—V‘ k=9 H k=9 H =9 }—‘
Act=114>| k=10 |—>| k=10 |—>| k=10 |—>| k=10 |—¢>{ =10 }—V‘ k=10 H k=10 H k=10 ‘—b ———————

T1610580-02

Figure A.19 — Binary decision tree for lossless coding with qbpp =10

if(Zerograd == 0){
if(B[Q] > 0) B[Q] = B[Q]— Errval *(2* nearq +1);
else B[QO] = B[Q]+ Errval *(2* nearq +1);
if(Errval < 0) A[Q] = A[Q]-1;
A[Q] = A[Q]+ abs(Errval);
if (N[Q]==RESET) {
A[Q]=A[0]>>1;
if (B[Q]>=0)
BIO] = BIO]>> s
else
B[Q] = -((1-B[Q]) >>1);
N[QO]=N[Q]>>1;
)
N[O]= N[O]+1;

Figure A.20 — Variables update

NOTE - In lossless coding, the value added to B[Q] is the signed error, after modulo reduction.

RESET is a JPEG-LS coding parameter whose value is either default or set by the application (see Annex G).
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If the extension of prediction is indicated, the procedure in Figure A.21 is performed instead of Figure A.20. In this
procedure, Flag[Rx] indicating the occurrence of the reconstructed value Rx is also updated.

if(Zerograd == 0){
if(B[Q]>0) B[Q] = B[Q]— Errval * (2* nearq +1);
else B[O] = B[Q]+ Errval * (2* nearq +1);
if(Errval < 0) A[Q] = A[Q]-1;
A[Q] = A[Q] + abs(Errval);
if (N[Q]==RESET) {
A[0]= A10]>>;
if (B[Q]>=0)
B[Q] = B[Q]>>1;
else
B[Q] = -((1-B[Q]) >>1);
N[O]=N[Q]>>1;
§
N[O]= N[O]+1;
Flag[Rx]=1,

Figure A.21 — Variables update for the extension of prediction

A.6.2  Bias computation

The bias variable B[Q] allows an update of the prediction correction value C[Q] by at most one unit every iteration. The
variables are clamped to limit their range of possible values. The prediction correction value C[Q] shall be computed
according to the procedure in Figure A.22, which also yields an update of B[Q].

if(Zerograd == 0){
if(2* B[Q]<=- N[O]) {
B[Q]= B[Q]+ N[Q];
if(C[Q] > MIN_C)
Clo]=Cl[O]-1;
if(2* B[Q]<=- N[Q])
B[O]=-(N[Q]>>1)+1;
Velse if(2* B[Q]> N[O {
B[Q]=B[Q]- N[O];
if(C[0] < MAX_C)
ClO]=ClO]+1;
if(2* B[O]> N[Q)])
B[Q]=(N[Q]>>1);

Figure A.22 — Update of bias related variables B[Q] and C[Q]

The constants MIN_C and MAX_C are defined in 3.3 of ITU-T Rec. T.87 | ISO/IEC 14495-1.
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A7

Flow of encoding procedures

The order in which the encoding procedures shall be performed is summarised below.

22

1)

2)
3)

4)

5)

6)

7)
8)

9)

10)

11)
12)
13)

Initialization:

a) Assign default parameter values to JPEG-LS preset coding parameters not specified by the
application (see A.1).

b) Initialize the non-defined samples of the causal template (see A.2.1).

c¢) Compute the parameter RANGE (see A.2.1): For lossless coding, RANGE = MAXVAL +1. For
near-lossless coding:

%
RANGE = MAXVAL +2*NEAR 1.
2*NEAR +1

Compute the parameters gbpp = |—log RANGE |, bpp = max(Z,rlog(MAXVAL +1)D.

d) For each context Q initialize four variables (see A.2.1): A[Q]=max| 2, 5
2

5
RANGE +2 ‘ B[O

C[O] =0, N[Q] = 1, where Q is an integer between 0 and 1091.

e) Initialize the counters for each binary decision. For each binary context S associated with unary
representation of the mapped error value, LPScnt[S]=2, MLcnt[S]=4. For each binary context S
associated with unary representation, LPScnt[S|=4, MLcnt[S]=8, and for each binary context S on
which an LPS never happens, LPScnt[S]=0, MLcnt[S]=1. The sense of MPS MPSvalue[S] is
initialised as MPSvalue[S]=0 for all the binary contexts.

f) Initialize the error tolerance for near-lossless coding: nearg=NEAR (in lossless, nearg=0).

g) If the extension of prediction is indicated, initialize the parameters: Flag[0]=1, and
Flag[1.MAXVAL]=0.

h) Set current sample to the first sample in the source image.
For the current sample, compute the local gradients according to Figure A.2.

Examine whether the sample to be coded is treated as to be in a uniform image area according to
Figure A.3 or A.4. If the sample is judged to be in a uniform area a flag Zerograd is set to 1, otherwise
Zerograd is set to 0.

Quantize the local gradients according to the steps detailed in Figures A.5 and A.6.

Check and change if necessary the signs of the components of the vector representing the context,
modifying accordingly the variable SIGN (see A.3.4).

If near-lossless coding with visual-quantization is indicated, adjust the error tolerance according to
Figure A.7.

Compute Px according to Figure A.S8.

Correct Px using C[Q] and the variable SIGN, and clamp the corrected value to the interval
[0..MAXVAL] according to the procedure in Figure A.9, or if the extension of prediction is indicated,
according to Figure A.10, in which correction of Px is modified in order to avoid an unwanted predicted
value.

Compute the prediction error and, if necessary, invert its sign according to the procedure in Figure A.11.
Furthermore, if Zerograd is 0, the sign of the prediction error is flipped according to B[Q] as in
Figure A.12.

For near-lossless coding, quantize the error and compute the reconstructed value of the current sample
according to Figure A.13. For lossless coding, update the reconstructed value by setting Rx equal to x.

Reduce the error to the relevant range according to Figure A.14.
Perform the error mapping according to the procedure in Figure A.15.

Compute Act which determines the Golomb code structure to decompose the mapped error value
according to the procedure in Figure A.16.
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14) According to the procedure in Figure A.17, The mapped error value MErrval is decomposed into binary
decisions by using the Golomb code tree determined by Act and the binary decisions are encoded with
the arithmetic coder specified in Annex B.

15) Update the variables according to Figure A.20. If the extension of extension is indicated, the variables
are updated according to Figure A.21.

16) Update the prediction correction value C[Q] according to the procedure in Figure A.22.

17) Go to step 2 to process the next sample.
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Annex B

Arithmetic coding

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

This annex specifies the method for using adaptive binary arithmetic coding by extending the syntax for lossless/near-
lossless image compression specified in ITU-T Rec. T.87 | ISO/IEC 14495-1. Coding models for adaptive binary
arithmetic coding are defined in Annex A. In this annex the arithmetic encoding and decoding procedures used in those
models are defined.

B.1 Arithmetic encoding procedures
B.1.1 Binary arithmetic encoding principles

The arithmetic coder used in this specification encodes a series of binary symbols, zeros and ones, each symbol
representing one possible result of a binary decision.

Recursive probability interval subdivision of the numerical line of [0,1) is the basis for the binary arithmetic encoding
procedures. With each binary decision the current probability interval is subdivided into two sub-intervals, and the bit
stream is modified (if necessary) so that it points to the base (the lower bound) of the probability sub-interval assigned
to the symbol which occurred.

In the partitioning of the current probability interval into two sub-intervals, the sub-interval for the less probable symbol
(LPS) and the sub-interval for the more probable symbol (MPS) are ordered such that the MPS sub-interval is closer to
zero. Therefore, when the LPS is coded, the MPS sub-interval size is added to the bit stream. This coding convention
requires that symbols be recognized as either MPS or LPS rather than 0 or 1. Consequently, the size of the LPS/MPS
sub-interval must be known in order to encode that decision.

Figure B.1 shows an example of such interval division through an initial sequence 0, 1, 0, 0 to be coded.

1.000
A(l)
A(011)
A(01) A(0101)
A(010)
A(0100)
A(0)
A(00)
0.000
Symbols to be coded 0 1 0 0

Figure B.1 — Interval subdivision of numerical line

B.1.1.1 Arithmetic operation in radix 255 representation

The encoding procedures use fixed precision integer arithmetic and an integer representation of fraction values. In this
arithmetic coding, the numerical line data is treated in radix 255 representation, but one 255ary data is expressed with
eight-bit binary data, which means each byte of the output data stream takes a value from X'00' to X'FE', though it could
take a value up to X'FF' if the carry propagation is needed.

Consequently the probability interval, Areg, is kept in the integer range of X'FF' < Areg < X'FF'xX'FF' with multiplying

Areg by X'FF' whenever it falls less than or equal to X'FF'. The code register, Creg, containing the trailing bits of the bit
stream, is also multiplied by X'FF' whenever Areg is multiplied by X'FF'.
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The radix 255 representation has an advantage to let the byte of X'FF' not happen in the original data stream and let the
byte of X'FF' can be used for the special case, which can avoid the accidental generation of markers in the output data
stream without so-called zero insertion.

B.1.1.2 Probability estimation

An adaptive binary arithmetic coder requires a statistical model — a model for selecting conditional probability estimates
to be used in the coding of each binary decision. When a given binary decision probability estimate is dependent on a
particular feature or features (the context) already coded, it is "conditioned" on that feature. The conditioning of
probability estimates on previously coded decisions must be identical in encoder and decoder, and therefore can use
only information known to both.

In this arithmetic coding, the occurrence probability of LPS is estimated from the number of cumulative occurrences of
the LPS, LPScnt[S], and the number counts of both of the LPS and MPS, MLcnt[S], which are dependent on each
context, S.

B.1.1.3 Approximation of interval subdivision with OHP

The ideal LPS sub-interval using the estimated probability of LPS will be given by the following calculation:
Areg x LPScnt[S] / MLcnt[S].

However this calculation needs multiplication and may decrease the processing speed. In the arithmetic coding used in
this specification, in order to avoid such multiplication, one entry is chosen from the fixed value table data called Av
table, based on the ratio of LPScnt[S] and MLcnt[S], and chosen Av is usually assigned for the LPS sub-interval
independent to the current interval Areg. However, the degradation of the coding efficiency due to such approximation
of subinterval matters especially when the probability of LPS is close to 0.5. Therefore to compensate the degradation
of the coding efficiency when the probability of LPS is close to 0.5, OHP-"over-half processing", which is yet more
simple than multiplication, is performed as follows.

Let us assume that Areg is between X'8000' to X'10000', and the value of Av[i] is chosen by comparing the
Prob = (LPScnt[S]<<16)/MLcnt[S] with threshold value Th[]. If the (Areg—Av), which is the default sub-interval of MPS
is greater than X'8000', the LPS interval will be Av. But if the (4reg—Av) is less than X'8000', half of the difference of
(Areg—Av) and X'8000' is allocated to the MPS and the subinterval of the LPS will be decreased by that amount from
Av. This process is described below and is called as OHP.

if( (Areg—Av) >= X'8000") the LPS interval = Av;,
else the LPS interval = (4v+A4reg—X'8000')/2;

B.1.2 Procedures of arithmetic coding

B.1.2.1 [Initialization

The following initializations shall be performed at the start of the arithmetic coding of the first binary decision of a
frame.

The trailing bits of the code stream are stored in a variable Creg and the current probability interval is stored in a
variable Areg. They are initialized as Areg = X'FF'xX'FF' and Creg = 0. Buf[{0] and Buf[1] are two bytes of the code
stream temporarily stored just after they are output from the code register.

MLcnt[S] and LPScnt[S] are the accumulated occurrence counts of both of the binary symbols and that of the LPS for
each binary context S, respectively. The number of both counters shall be large enough to store the counts for all the
contexts. Initial values of the counters are specified in A.2.1 and A.5.3. The maximum value of the counters MAXent is
set to MAXecnt = 255. MPSvalue[S] is the sense of MPS for each binary context S, which takes 0 or 1. MPSvalue[S] is
initialized as MPSvalue[S]=0 for all the binary contexts.

Preset Av[0...30] and Th[0...29]. The LPS probability is given by Prob=(LPScnt[S]<<16)/MLcnt[S] and by comparing
Prob with Th[0...29], appropriate Av[0...30] is chosen.

Av[31] = {

0x7ab6, 0x7068, 0x6678, 0x5ce2, 0x53a6, 0x4ac0, 0x4230, 0x39f4,
0x33fc, 0x30la, 0x2c4c, 0x2892, 0x24ea, 0x2156, 0xldde, 0xlaé6é6,
0x170a, 0x13c0, 0x1086, 0x0d60, 0x0bOe, 0x0986, 0x0804, 0x0686,
0x050a, 0x0394, 0x027e, 0x0lce, 0x013e, 0x0100, OXOOOO};

Th[30] =

0x7800, 0x7000, 0x6800, 0x6000, 0x5800, 0x5000, 0x4800, 0x4000,
0x3c00, 0x3800, 0x3400, 0x3000, 0x2c00, 0x2800, 0x2400, 0x2000,
0x1c00, 0x1800, 0x1400, 0x1000, 0x0e00, 0x0c00, 0x0a00,0x0800,
0x0600, 0x0400, 0x0300, 0x0200, 0x0180, OxOOOl};
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B.1.2.2 Search of suitable Av

The calculation of the subinterval is performed based on Av, which basically corresponds to the LPS interval. The
suitable Av is given by comparing Prob = (LPScnt[S]<<16)/MLcnt[S] and Th.

Av are the values assuming Areg between X'8000' and X'10000', so Av and X'8000', half of full range, shall be
modified by shifting wct bits if Areg is not in the range. The times of bit-shifting, wct, is determined from the value of

Areg, i.e., from the most significant one-valued bit in Areg searched by the procedure in Figure B.2. A modified Av and
X'8000'" are denoted as Avd and Hd .

When the probability estimate of LPS reaches to the lowest probability 1/255, the Avd is forced to be 0x0002, which is
less than the probability estimate given by LPScnt[S]/MLcnt[S].

Prob=(LPScnt[S]<<16)/ MLcnt[S];
for(Aindex = 0; Aindex < 30; Aindex ++)
if(Prob > Th[ Aindex]) break;
for(wet = 0; Areg < (0x 8000 >> wct); wet ++) ;
if( (MLcnt[ S]==MAXent) & &( LPScnt[S]==1)) Avd =0x 0002;
else Avd = AV Aindex] >> wct;
Hd =0x8000 >> wct;

Figure B.2 — Search of Av

NOTE — Av can be searched by a fast tree search. Since any thresholds, Th, are designated to be a power of two (2°), or a point
given by dividing the 2" and 2™*! into 2/ equal parts. An Av for the LPS can be determined by searching the number satisfying
(LPScnt[S]<<i) <= MLcnt[S] < (LPScnt[S]<<(i+1)), which corresponds to (1/2) "1 < LPScnt[S)/ MLent[S] <= (1/2) ", and then, in
the range between (1/2)° and (1/2)""!, by choosing one of the divided parts which LPScnt[S]/ MLcnt[S] belongs to by simple
shifting, subtracting and comparison operations.

B.1.2.3 Update of Creg and Areg

According to the LPS probability interval Avd and the binary decision Bin, the two registers Creg and Areg are updated
by the procedure in Figure B.3. Notice that, in the calculation of Creg and Areg in the following procedure, the MPS
probability interval, which may have been modified by so-called over-half processing, is temporarily stored in the
variable Avd.

Avd = Areg-Avd,
ifl Avd < Hd ) { /* Over-half processing */
Avd = (Avd + Hd)/2;

b

if (Bin==MPSvalue[s]) { /* MPS occurred */
Areg = Avd,

} else { /* LPS occurred */

Creg = Creg + Avd,
Areg = Areg - Avd,

Figure B.3 — Update of Creg and Areg

B.1.2.4 Update of counters

Basically, MLcnt[S] counter for both binary symbols are incremented after every binary decision is encoded and when it
reaches to MAXent, both of the counters MLcnt[S] and LPScnt[S] are halved. However, the increment of the total
counter is suspended if the LPS probability estimate reaches to the lowest probability until the LPS occurs. While the
increment of the counters is being suspended, the 4vd is forced to be 0x0002, which is a little smaller than the
theoretical Avd corresponding to probability estimate of 1/MAXent. This is a simple treatment to improve the coding
efficiency for high-skewed images.
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if(MLcnt[S]==MAXcnt) {
if(Bin!= MPSvalue[ S]) {
MLcnt[S]=(MLcnt[S]+1)/2+1;
LPScnt[S]=(LPScnt[S]+1)/2+1;
}else if(LPScnt[S]'=1){
MLent[S]=(MLcnt[S1+1)/2+1;
LPScnt[S]=(LPScnt[S]+1)/2;
i
telse{
MLcnt[S]++;
if(Bin!= MPSvalue[ ST) LPScnt[S]+ +;
H
if(MLcnt[S]1< LPScnt[S1*2){ /*change the sence of MPS*/
LPScnt[S]=MLcnt[S]- LPScnt[S];
MPSvalue[S]=1- MPSvalue[S];

Figure B.4 — Update of counters

B.1.2.5 Renormalization of Areg and Creg and output data bit stream

Though the data steam is expressed in radix 255, integers in Creg and Areg are expressed in radix 2. Therefore, before
putting out a byte from Creg to Buf[0] by renormalizing Creg, the output byte having a value expressed in radix 255 is
calculated by (Creg>>8 + Creg +1) >>8 .

Propagation of carry-over into the bit stream from the code register can be stopped in the two saved bytes, Buf[0] and
Buf[1], just by propagating carry-over bit into the saved bytes. If both Buf{ 1] and Buf[0] are X'FE' and carry-over from
Creg occurrs, Buf[1] and Buf[0] will be exceptionally X'FF' and X'00', respectively. In this case, however, since the
X'FF' byte is necessarily followed by a X'00' byte, proper detection of markers is possible.

if( Areg <0x100){
if( Creg >= 0 xff* 0 xff) {
Creg - = 0 xff* 0 xff;
BufT0]++;
if(Buf10] == 0 xff) {
Buf{0]=0;
Buf1]++;

H

AppendToBitStream(Buf|1], 8);

Buf[1]= Buf[0};

Buf[0]=((Creg >>8) + Creg +1)>>8;

Creg + = Buf|0];

Creg = ((Creg & 0 xff) << 8) - (Creg & 0 xff);
Areg =(Areg << 8) - Areg;

Figure B.S — Renormalization of Areg and Creg
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B.1.2.6 Termination of encoding

After encoding all the binary decisions, the encoder outputs four bytes of Buf[1], Buf[0] and Creg.

B.2 Arithmetic decoding procedures

B.2.1 Binary arithmetic decoding principles

The probability interval subdivision and sub-interval ordering defined for the arithmetic encoding procedures also apply
to the arithmetic decoding procedures.

Since the bit stream always points within the current probability interval, the decoding process is a matter of
determining, for each decision, which sub-interval is pointed to by the bit stream. This is done recursively, using the
same probability interval sub-division process as in the encoder. Each time a decision is decoded, the decoder subtracts
from the bit stream any interval the encoder added to the bit stream. Therefore, the code register in the decoder is a
pointer into the current probability interval relative to the base of the interval.

The approximations and integer arithmetic defined for the probability interval subdivision in the encoder must also be
used in the decoder. However, where the encoder would have added to the code register, the decoder subtracts from the
code register.

B.2.2 Procedures of arithmetic decoding
B.2.2.1 [Initialization for decoding
The following initializations shall be performed at the start of the arithmetic decoding.

The trailing bits of the code stream are stored in a variable Creg and the current probability interval is stored in a
variable Areg. After the first two bytes of the code stream, which are always X'00', are removed, the third byte
multiplied by X'FF' plus the fourth byte of the code stream shall be stored in Creg as its initial value. Areg is initialized
as Areg = X'FF'xX'FF'.

MLcnt[S] and LPScnt[S], the accumulated occurrence counts of both the binary symbols and that of the LPS for each
context S, are initialized as specified in A.2.1 and A.5.3. The maximum value of the counters MAXcnt are initialized as
MAXcnt = 255.

Preset Av[0...30] and Th[0...29] by the same manner as in the encoding specified in B.1.2.1.

B.2.2.2 Search of suitable Av

A suitable Av is searched by the same procedure as in the encoding specified in Figure B.2.

B.2.2.3 Determination of a binary decision

A binary decision Bin is determined by comparing the MPS probability interval with the value of Creg as in Figure B.6.
Also in the following procedure for decoding, the MPS probability interval, which may have been modified by over-
half processing, is temporarily stored in the variable Avd.

Avd = Areg-Avd,
ifl Avd <Hd) { /* over-half processing */
Avd = (Avd + Hd)/2;

b

if (Creg <Avd) { /* MPS occurred */
Areg = Avd,
Bin = MPSvalue[S];

} else { /* LPS occurred */
Creg = Creg-Avd,
Areg = Areg-Avd,
Bin = 1-MPSvalue[S];

}

Figure B.6 — Determination of a binary decision
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B.2.2.4 Update of counters
The counters are updated by the same procedure as in the encoding specified in Figure B.4.
B.2.2.5 Renormalization of Areg and Creg

Whenever the current probability interval Areg becomes less than X'100', another byte is read from the code stream into
Creg, and both Areg and Creg are renormalized by multiplying X'FF' as in Figure B.7.

if( Areg <0x100){
Creg = (Creg << 8) - Creg + GetByte();
Areg =(Areg <<8) - Areg;

Figure B.7 — Renormalization of Areg and Creg
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Annex C

Encoding with arithmetic coding for multiple component images

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

C.1 Introduction

For encoding images with more than one component (e.g., colour images) using the arithmetic-based coding process,
this Recommendation | International Standard supports combinations of single component scans and multi-component
scans, as specified in Annex C of ITU-T Rec. T.87 | ISO/IEC 14495-1. For multi-component scans, two modes
(described below) are supported: line interleaved and sample interleaved. The specific components per scan are
specified in the scan header (see Annex C of ITU-T Rec. T.87 | ISO/IEC 14495-1), as well as the interleave mode (as
specified by parameter ILV), which describes the structure within a single scan. The parameter ILV admits the values 0
(non-interleaved), 1 (line-interleaved) and 2 (sample interleaved).

For multi-component scans, a single set of context counters (4, B, C and N) is used across all the components in the
scan. Also a single set of variables for the arithmetic coding (e.g., MLcnt, LPScnt, MPSvalue) is used across all the
components. The prediction and context modelling procedures shall be performed as in the single component case, and
are component independent, meaning that samples from one component are not used to predict or compute the context
of samples from another component.

All the encoding and decoding variables (e.g., A[0..1091]) shall be set to their initial values, as described in Annex A,
when a new scan is to be encoded (starting from Step 1 in A.7). The dimensions of each component are given by the
information in the frame header.

C.2 Line interleaved mode

C.2.1 Description

This mode is specified by setting the parameter ILV in the start of scan marker segment to a value of 1. In this mode,
for each component C; in a scan, a set of V; consecutive lines is encoded before starting the encoding of Vi lines of the
subsequent component Cj,;. The values V; are specified in the start of frame marker segment as vertical sampling
factors. For a scan with Ns components, the number of lines interleaved and encoded follows the sequence:

Vl Vz cee VNs N V] V2 oes VNS . Vl Vz cee VNs , etc.

The flat region detection, prediction and context determination procedures shall be performed as in the single
component mode, and do not use information from the multiple components. The flush procedure will be executed only
at the end of the scan.

C.2.2 Process flow

The process flow for the line interleaved encoding mode is specified below, in terms of the general process flow given
in A.7. For convenience, the steps are numbered identically to those in A.7.

1) Initialize a single set of variables as in Step 1 in the procedure described in A.7.

2) Follow Steps 2-16 in A.7 for the current sample in the current component (i). The reconstructed values
Ra, Rb, Rc, Rd and Re used for context modelling and prediction correspond to the current component.

17) Return to Step 2. If all the samples of V; consecutive lines of the ith component have been processed,
continue with samples of component i + 1 (or component 1, if i was the last component). Otherwise,
continue with samples from component i.

C3 Sample interleaved mode

CJ3.1 Description

This mode is specified by setting the parameter ILV in the start of scan marker segment to a value of 2. In this mode,
one sample at a time per component shall be encoded. As in the line interleaved mode, the same counters shall be used
across all components, and the flat region detection, prediction and context determination procedures shall be performed
as in the single component mode, and shall not use information from the multiple components.

In this interleaved mode all components which belong to the same scan shall have the same dimensions.
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C.3.2 Process flow

The process flow for the sample interleaved mode is described below in terms of the general process flow given in A.7.
For convenience, the steps are numbered identically in this clause.

1) Initialize a single set of variables, as in step 1 in the procedure described in A.7.

2) Follow steps 2 to 16 in the procedure described in A.7 for each one of the current samples of each
component. Steps 2-16 for the sample j of the component i shall be completed before the steps 2-16 for
the sample j of the next component i + 1 are performed. Steps 2-16 of sample j + 1 of any component are
not performed until these steps are completed for all the samples j for all the components. The same set
of variables is used in these steps, but the flat region detection, context determination and prediction are
performed for each component separately. The encoding of the sample j in component i + 1 uses the
variables already updated by the sample j in the previous component .

17) All the samples in the same position j, for all the components, have now been encoded. The encoder shall
now return to step 2 above to continue with the sample in position j + 1 for all the components.

C4 Minimum coded unit (MCU)
For non-interleaved mode (Ns = 1, ILV =0 ), the minimum coded unit is one line. For sample interleaved mode (Ns > 1,
ILV =2), the MCU is a set of Ns lines, one line per component, in the order specified in the scan header.

NOTE — The order in the scan header is determined by the order in the frame header.
For line interleaved mode (Ns>1,ILV =1), the MCU is V; lines of component C; followed by V, lines of
component C, ... followed by Vy; lines of component Cys. In addition, the encoding process shall extend the number of

lines if necessary so that the last MCU is completed. Any line added by an encoding process to complete a last partial
MCU shall be removed by the decoding process.
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Annex D

Extended functions for the baseline coding model

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

This annex specifies extended functions of near lossless coding, prediction and Golomb coding, which are applied to the
baseline coding process. The extensions of near-lossless coding and prediction can be also applied to the arithmetic-
based coding model. The procedures on the arithmetic-based coding model are described in Annex A.

D.1 Extensions of near-lossless coding

D.1.1 Near-lossless coding with visual quantizaion

The operation of near-lossless coding with visual quantization is indicated by the LSE marker with ID=X'07', which
may be present where tables or miscellaneous marker segments may appear (see Annex G).

To apply this extended function to the encoding procedures using Golomb coding (baseline coding process) specified in
Annex A of ITU-T Rec. T.87 | ISO/IEC 14495-1, the description of the procedures shall be modified as follows:

a) In A.2.1, initialize the visual quantization threshold TQ as is specified in the LSE marker segment.
b) After A.3.4, set the error tolerance for near-lossless coding using visual quantization as follows :
if(1Q1[+/021+03>=TQ)
nearq = NEAR+1;
else
nearqg = NEAR;
c) A.4.4isthe same as in ITU-T Rec. T.87 | ISO/IEC 14495-1 but with "nearq" replacing "NEAR".
d) A.5.2is the same as in ITU-T Rec. T.87 | ISO/IEC 14495-1 but with "nearg" replacing "NEAR".
e) A.6.1is the same as in ITU-T Rec. T.87 | ISO/IEC 14495-1 but with "nearg" replacing "NEAR".

The procedure of this extended function in the arithmetic-based coding process is described in Annex A.

D.1.2 Near-lossless coding with NEAR value re-specification

The operation of near-lossless coding with NEAR value re-specification is indicated by the LSE marker segment with
ID=X'06', which specify the new NEAR value applied to the near-lossless coding after this and the number of MCUs
encoded with the previous NEAR value. The LSE marker segment with ID=X'06' may be present where tables or
miscellaneous marker segments may appear or in the middle of the coded image data segment (see Annex G).
Therefore, a X'FF' byte in a coded image data segment is not followed by a stuffed '0', if it is part of an inserted marker
segment. The control procedure for encoding an MCU is also modified as described in Annex H. With this marker
segment, the difference bound related to the regular mode and the one related to the run mode can be specified
independently by specifying NEAR and NEARRUN as described in G.1.2.2.

To apply this extended function to the baseline coding process specified in Annex A of ITU-T Rec. T.87 |
ISO/IEC 14495-1, the description of the procedures shall be modified as follows :

a) A.3.21is the same as in ITU-T Rec. T.87 | ISO/IEC 14495-1 but with "NEARRUN" replacing "NEAR".

b) A.7.1.1 is the same as in ITU-T Rec. T.87 | ISO/IEC 14495-1 but with "NEARRUN" replacing
"NEAR".

c¢) A.7.2is the same as in ITU-T Rec. T.87 | ISO/IEC 14495-1 but with "NEARRUN" replacing "NEAR".
Also, in Quantize(Error) called in code segment A.19, which is specified in code segment A.8, "NEAR"
is replaced with "NEARRUN".

After NEAR (and NEARRUN) are re-specified, the values of the parameters T1, T2, and T3 are reverted to the default
values corresponding to the new value of NEAR. If an LSE marker segment with ID=X'01"' or ID=X'0C' follows the
LSE marker segment with ID=X'06', these thresholds may be redefined. RESET and MAXVAL may also be changed
by this segment. Next, the variables RANGE, LIMIT, gbpp, 4[], B[], C[], N1, Nn[], and RUNindex are reset as if a
restart marker was detected. If the extended prediction is used, the number of elements of SPf[0..RANGE],
SPm[0.RANGE] are adjusted corresponding to the new value of RANGE, and SPx, SPt, SP/[], SPm[] are also reset.
Note that RANGE and gbpp used in the regular mode and those in the run-interruption sample encoding are different if
NEAR and NEARRUN are not identical. In this case, RANGE and qbpp for the run-interruption sample encoding
shall be additionally prepared according to the re-specified NEARRUN.
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D.2 Extensions of prediction on baseline coding model

This clause specifies the procedure of the extended prediction by describing the changes and additions to the encoding
procedures defined in Annex A of ITU-T Rec. T.87 | ISO/IEC 14495-1. The procedure of extension of prediction for the
arithmetic-based coding process is specified in Annex A.

D.2.1 Initializations

Initializations are the same as A.2.1 of ITU-T Rec. T.87 | ISO/IEC 14495-1 but adding the following initializations.

5) Initialize the variables for symbol packing: SPx=1, SPr=1, SPf[0]=1, SPf[1.RANGE]=0,
SPm[0..RANGE]={0, 1, 2, 3, ..., RANGE-1,RANGE}

6) Initialize the variable Flag[0. MAXVAL], Flag[0] is initialized with the wvalue 1, and
Flag[1.MAXVAL] with the value 0.

D.2.2 Prediction correction
The procedure described in A.4.2 of ITU-T Rec. T.87 | ISO/IEC 14495-1 is replaced by the following procedure.

After Px is computed, the prediction shall be corrected according to the procedure depicted in Figure D.1 which
depends on SIGN, the sign detected in the context determination procedure. The new value of Px shall be clamped to
the range [0..MAXVAL]. The prediction correction value C[Q] is derived from the bias as specified in A.6.2 of ITU-T
Rec. T.87 | ISO/IEC 14495-1.

Pmed = Px;
if (SIGN == +1)

Px = Pmed +C[Q];
else

Px = Pmed — C[Q];

if (Px>MAXVAL)
Px=MAXVAL,;

else if(Px <0)
Px=0;

if(Flag[Px]==0) {
if (Px<Pmed)
for (Px++ ; Flag[Px]==0;Px++);
else
for (Px--; Flag[ Px]==0;Px--);

Figure D.1 — Prediction correction
D.2.3 Symbol packing

After the mapped error value, MErrval is computed in A.5.2 of ITU-T Rec. T.87 | ISO/IEC 14495-1, symbol packing is
carried out, as described in Figure D.2.

TMErrval = MErrval,
MErrval = SPm[TMErrval];,

if (SPAITMErrval]l == 0 && TMErrval<SPt) MErrval = MErrval + SPx;

Figure D.2 — Symbol packing
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D.2.4  Update variables
The update of variables is the same as A.6 of ITU-T Rec. T.87 | ISO/IEC 14495-1 except for the following
modifications.

a) Incode segment A.12 of ITU-T Rec. T.87 | ISO/IEC 14495-1,

A[Q] = A[Q]+abs(Errval);

is replaced by:

A[Q] = A[Q1H((MErrval+1)>>1);
as described in Figure D.3.

B[Q] = B[Q]+ Errval *(2*NEAR +1);
A[Q]=A[O]+ ((MErrval+1) >>1);
if (N[Q]==RESET) {
A[Q]=A[0]>>1;
if (B[Q]>=0)
B[Q] = B[Q]>>1;
else
BIO) = -(1-BIQD >> s
N[Q]= N[Q]>>1;
H
N[Q]= N[O]+1;

Figure D.3 — Variable update

b) After bias computation specified in A.6.2 of ITU-T Rec. T.87 | ISO/IEC 14495-1, the procedure to
update parameters for the extended prediction is carried out as in Figure D.4.

Flag[Rx] =1,
if (SPA{TMErrval]l == 0) {
if(TMErrval >= SPt) {
for I=TMErrval-1; i>=SPt; i-- ) SPm[i] =SPm][i]-SPx;
SPt = TMErrval+1;
SPm|[TMErrval]=SPx;
H
else {
for (i=SPt-1; i>TMErrval; i--) {
f(SPA]) {
SPm[TMErrval]=SPml[i];
SPm[i]++;
§
else SPm[i]--;

H
SPAITMErrval] = 1,
SPx ++;

Figure D.4 — Update of variables for symbol packing
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D.2.5 Run interruption sample encoding

The procedure of the run interruption sample encoding is the same as A.7.2 of ITU-T Rec. T.87 | ISO/IEC 14495-1
except for the following changes.

a) Code segment A.22 of ITU-T Rec. T.87 | ISO/IEC 14495-1 is replaced by Figure D.5 described below.

TEMErrval = 2*abs(Errval) — map;

Figure D.5 — Errval mapping for run interruption sample

b) After the mapped error value, TEMErrval is computed, symbol packing is carried out, as indicated in
Figure D.6.

EMErrval = SPm[TEMErrval] - Rltype;

if (SPITEMErrval]l == 0 && TEMErrval<SPt) EMErrval = EMErrval + SPx;

Figure D.6 — Symbol packing for run interruption sample

¢) Change procedure 9 of A.7.2 of ITU-T Rec. T.87 | ISO/IEC 14495-1 as follows:

9) Update the variables for run interruption sample encoding, according to code segment A.23 of
ITU-T Rec. T.87 | ISO/IEC 14495-1. Furthermore, in case of TEMErrval is the first found, variables
for symbol packing shall be updated, following the same procedure as in the regular mode,
Figure D.4, but using TEMErrval instead of TMErrval.

D.2.6  Flow of encoding procedures

The flow of encoding procedures is the same as A.8 of ITU-T Rec. T.87 | ISO/IEC 14495-1 except for the following
changes.

In step 1, add the following steps.

h) Initialize the wvariables for symbol packing: SPx=1, SP+=1, SPf[0]=1, SPf[1.RANGE]=0,
SPm[0..RANGE|={0, 1, 2, 3, ... , RANGE-1,RANGE}

i) Initialize the variable Flag[0.MAXVAL], Flag[0] is initialized with the wvalue 1, and
Flag[1. MAXVAL] with the value 0.

Change step 7 as follows.

7) Correct Px using C[Q] and the variable SIGN, and clamp the corrected value to the interval
[0..MAXVAL] according to the procedure in Figure D.1.

Change step 13 as follows.

13) Compute the mapped error value MErrval according to the procedure in Figure D.2, and encode using
the limited length Golomb code function LG(k,LIMIT), as specified in A.5.3 of ITU-T Rec. T.87 |
ISO/IEC 14495-1.

Change step 14 as follows.
14) Update the variables according to Figures D.3 and D.4.

D.3 Extension of Golomb coding

This clause specifies the two modifications of Golomb coding, Golomb code completion and run interruption handling
(only for bi-level images), which will improve the coding efficiency of Golomb coding specified in Annex A of ITU-T
Rec. T.87 | ISO/IEC 14495-1. The operation of the extended Golomb coding is indicated by the LSE marker segment
with ID=X'05"' and ENT=X'01' (see Annex G).
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D.3.1 Golomb code completion

In order to complete the Golomb code for the usual case in which RANGE is a power of 2 (namely, RANGE = 24bpp),
which includes the binary case (qbpp=1) in which an incomplete code is particularly damaging, the coding procedure
of A.5.3 of ITU-T Rec. T.87 | ISO/IEC 14495-1 shall be modified by inserting the phrase: "if the unary part contains
29bPP-K_1 zeros, then the terminating one shall be omitted, as shown below. The validity of this procedure is based on

the fact that, in regular mode, the mapped error value never exceeds 2 9PPP —] (it can reach RANGE only in cases in
which RANGE is odd)."

D.3.1.1 Mapped-error encoding with Golomb code completion

The mapped error value, MErrval, shall be encoded with the limited length Golomb code function LG(k, LIMIT)
defined by the following procedure:

1) If the number formed by the high order bits of MErrval (all but the k least significant bits) is less than
LIMIT — gbpp — 1, this number shall be appended to the encoded bit stream in unary representation, that
is, by as many zeros as the value of this number, followed by a binary one. The £ least significant bits of
MErrval shall then be appended to the encoded bit stream without change, with the most significant bit
first, followed by the remaining bits in decreasing order of significance.

2) Otherwise, LIMIT — qbpp -1 zeros shall be appended to the encoded bit stream, followed by a binary
one. The binary representation of MErrval — 1 shall then be appended to the encoded bit stream using
gbpp bits, with the most significant bit first, followed by the remaining bits in decreasing order of
significance.

3) If the unary part contains 2 9PPP-K_] zeros, then the terminating one shall be omitted.

For run interruption coding, the mapped error value can be RANGE also in cases in which RANGE is even. To avoid
this situation, the procedure in code segment A.21 of ITU-T Rec. T.87 | ISO/IEC 14495-1 shall be modified adding an
additional "else if" statement just before the final "else" statement as in Figure D.7. Notice that by this modification, it
is no longer valid that every code word contains at least one 'l' except for runs of length zero. This may render the
handling of zeros inserted for byte completion before a marker somewhat more intricate.

if ((k == 0) && (Errval > 0) && (2* Nn[Q] < N[0]))

map =1;
elseif ((Errval <0) && (2* Nn[Q]>= N[Q]))
map =1;
elseif ((Errval <0) & & (k'=0))
map =1;
elseif ((2* Errval ==-RANGE) & & (RItype == 0))
map =1;
else
map =0;

Figure D.7 — Computation of map for Errval mapping

D.3.2  Run interruption handling for gbpp=1

In case the mode is not sample interleaved and qbpp=1, the encoding of the run interruption sample is superfluous and
shall be omitted. Notice that in sample interleaved mode this is not the case, as a run may be interrupted by a sample of
a different value in some component, while in another component the corresponding sample value equals that of the
run. Hence, run interruption coding is still required in that case. When this option is specified, the procedure 18 in the
flow of encoding procedure described in A.8 of ITU-T Rec. T.87 | ISO/IEC 14495-1 is replaced by "Go to Step 16".
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Annex E

Fixed length coding

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

This annex specifies a method to encode image samples by using a fixed length code instead of a Golomb code.

E.1 Introduction

The operation of fixed length coding is indicated by specifying a corresponding LSE marker segment. The LSE marker
segments may be present where tables or miscellaneous marker segments may appear, or in the middle of coded image
data segments, that is, a number of MCUs in a scan can be encoded with fixed length code. When fixed length coding is
performed partially in a scan, the start and the end of MCUs encoded with fixed length coding are specified by the LSE
marker segments with ID=X'09"' and ID=X'0A", respectively (see Annexes G and H).

NOTE - It is not allowed to use a fixed length code in the arithmetic-based coding process.

E.2 Fixed length coding

To encode samples with a fixed length code, the following procedures are performed instead of the procedures specified
in A.3 to A.7 of Annex A of ITU-T Rec. T.87 | ISO/IEC 14495-1.

a)

b)

d)

Compute QOx = (Ix + NEAR)/(2*NEAR + 1);

MAXVAL + NEAR
2*NEAR +1
gbpp). To this end, use the AppendToBitStream function.

Encode Ox in binary using |—10g ( L J+ 1)1 bits (Note that this number differs from

Compute Rx = Ox * (2*NEAR+1) (Note that Rx is needed if the next MCU is not encoded with a fixed-
length code, and also to maintain the definition of the decoder requirements, which relies on Rx).

When needed, perform bit stuffing as in the rest of Annex A.
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Annex F

Sample transformation for inverse colour transform

(This annex forms an integral part of this Recommendation | International Standard except F.2)

F.1 Inverse colour transform

In this Recommendation | International Standard, a procedure to reconstruct source image data from corresponding
values of decoded samples in a subset Ciq), C j(2), - 5 C j(ng) of Nt components of a frame is specified. Let R, R, ... ,
Ry denote the samples output by the decoding process for a given sample location in the respective components Ci(),
Ciay Ci@) - » C ion)- These samples are inverse-transformed into output image samples S;, S», ... , Sy, having the
same precision P as the decoded samples. The participating components and a description of the inverse transform are
specified in an inverse colour transform specification marker segment (see G.1.2.8).

Let

HALFTRANS =| (MAXTRANS+1)/2 J.

The inverse-transformed values S;, 1 < i < Nt, are computed as follows:

Fori=1,2,...,Ntdo

12’1- =R, ~-HALFTRANS - (1- CENTER))

Fori=1,2,...,Ntdo

If CENTER; = 0 then

i—1 Nt R
ZAI,JS] + ZAi,j_le
j=1

Sl = Iféi + j=i+1
) NORM;
Else
i—1 Nt )
D AS+ D AR,
S —IA? _ j=1 j=i+l

1T > NORM,

Reduce S; modulo (MAXTRANS+1) to the range S;, 0<.S; < MAXTRANS.

38

NOTE - Usually, the specified inverse transform shall be used to reverse (in a lossless manner) a corresponding forward
transform which is applied to an image and generates source image data. The corresponding forward transform must be amenable
to a "lifting" expression of the form R;= S;+ (S}, S, ..., Si.;, Risss Ris2s .., Ryy). This condition ensures lossless reconstruction
without any restriction on the function f( ), since the function involves sample values that are recursively available to both the
encoding and the decoding process. The transform description specified in this Recommendation | International Standard restricts
the functions f( ) to be normalized linear combinations (with coefficients A;; normalized by a power-of-2), with integer
constraints guaranteed by the "floor" brackets. The linear combinations and normalizations (namely, the operations inside the
brackets) are carried out over the integers, whereas the additions/subtractions outside the brackets are carried out modulo a
specified value (MAXTRANS+1) to preserve the precision. The lossless property requires that MAXTRANS be at least as large
as the maximum value of the samples in the participating components. In addition, the lossless property assumes that the range of
possible values adopted by the function f( ) is no wider than (MAXTRANS+1), and it is centered either at 0 or at
HALFTRANS. Function value ranges that are centered at 0 are assumed to be added and the result reduced to the range
[0.MAXTRANS] in the forward transform, to generate source image data. Function value ranges that are centered at
HALFTRANS are assumed to be subtracted and the result reduced to the range [-HALFTRANS .. HALFTRANS-1]. Further
addition of HALFTRANS after forward transformation ensures that the source image data take non-negative values. The
parameter CENTER,; specifies the center of each interval (0 for 0, 1 for HALFTRANS). This inverse transform description
covers approximations of all commonly used forward lossless transforms.
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F.2 Example and guideline (Informative)

Assume an image with three components labeled R, G and B. The precision is P=8, and MAXVAL=255 for all
components. The goal is to approximate the following forward transform, where R, G and B are values in the range
0<R, G, B<255:

R'=R-G,

B'=B-G,

6=+ X8
4

A "lifting" approximation of the above transform, which also preserves precision, is given by:
R'=R — G (reduced modulo 256 to the range —128 < R'< 127),
B'=B - G, (reduced modulo 256 to the range —128 < B’'< 127),

R'+B'

G'=G +{ J (reduced modulo 256 to the range 0 < G' < 255).

In the last assignment, the operations inside the "floor" brackets are carried out over the integers, whereas the addition
outside the brackets is carried out modulo 256. The values R' and B’ are in the range —128 < R’, B' < 127, but for the
purpose of encoding, all components are shifted to the non-negative range by the following transformation:

R"=R'+128,
B"=B'+128,
G"=G"

The encoding process described in this Recommendation | International Standard is applied to the transformed image
given by the components R", G" and B". In this example, it is assumed that the encoding is lossless, i.e., NEAR=0. On
the decoding side, the inverse transform, which recovers R, G and B from R"”, G" and B", is given in two stages. In the
first stage, R, B' and G' are recovered as follows:

R'=R"-128,
B'=B"— 128,
G'=G".

In the second stage, R, G and B are recovered as follows:

R'+ B’

G=G' —L J (reduced modulo 256 to the range 0 < G < 255),

R=R'+ G (reduced modulo 256 to the range 0 < R < 255),
B =B'+ G (reduced modulo 256 to the range 0 < B <255),

In the computation of G, the operations inside the "floor" brackets are carried out over the integers, whereas the
subtraction outside the brackets is carried out modulo 256.

The inverse transform is described in an inverse transform specification marker segment. To describe the marker
segment, assume first that the components R”, G"” and B" were labeled, in the SOF marker segment, with the 1D
numbers X'01', X'02' and X'03' respectively. Then, the inverse transform specification marker segment is constructed as
follows:

FFF8  # LSE marker
00 18  # Length of marker segment = 24 bytes including the length field
0D # ID=X'0D', inverse transform specification marker segment

00 FF  # MAXTRANS=255

03 # Nt=3

02 # ID of first component in the transform (G")
01 # ID of second component in the transform (R")
03 # ID of third component in the transform (B")
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82
0001
00 01
00
0001
00 00
00
0001
00 00

The components R;, R, and Rj; correspond to G', R" and B", respectively, in this example. We have

# Fy: CENTER,=1, NORM,=2
# Ay =1
# Ay =1
# F: CENTER,=0, NORM,=0
# Ay =1
# Ay =0
# F3: CENTER;=0, NORM;=0
# Az, =1
# A3 2=0

HALFTRANS=128, and:

Now,

G'=R; =R, -128-(1-CENTER|) = G",
R'=R, =R, -128-(1-CENTER ) = R" —128,
B'=R;=R;-128-(1-CENTER ;) = B"—128.

.| ARy A LR '+ B’
G=§; ZRJ—{%‘:G’—{R ZB J (reduced modulo 256 to 0 < G < 255),

. | Ay1S;+A5,R
R=S,=R,+| 22122273 | _ /4 G (reduced modulo 256 to 0 < R < 255),
2 2
»NORM,

A3 1S1+A3,5;

B=S3;=R; +L ,NORM,

J = B'+G (reduced modulo 256 to 0 < B < 255).

Numerical example:

Assume R =200, G =10, B =55 in the original image. The following computations are performed on the encoding side,

where "—" denotes reduction modulo 256 to the range specified by the procedure.

R'=200-190=190 — —66,
B'=55-10=45— 45,

G’:10+L$J:4—>4,

R"=-66+128 = 62,
B"=45+128 =173,
G"=4.

The values R", G", B" are input to the encoding process.

On the decoding side, the values R", G", B" are output by the decoding process. The following computations effect the

inverse colour transform:

40

G'=G"=4,
R'=R"— 128 =66,
B'=B"-128 =45,

G:4{$J:4+6=10—>10,

R=-66+10=-56 — 200,
B=45+10=55—55.
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Annex G

Compressed data format

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

This annex specifies three compressed data formats for the extended JPEG-LS processes:
1) the interchange format;
2) the abbreviated format for compressed image data;

3) the abbreviated format for mapping tables and parameters specification data.

These compressed data formats closely follow the compressed format specified in Annex C of ITU-T Rec. T.87 |
ISO/IEC 14495-1, and this annex specifies only the changes and additions to Annex C of ITU-T Rec. T.87 |
ISO/IEC 14495-1.

G.1 General aspects of the compressed data format specification

G.1.1  Marker assignments

All the marker segments specified in ITU-T Rec. T.87 | ISO/IEC 14495-1 are compatible in this Recommendation |
International Standard. In order to indicate to use extended functions specified in this Recommendation | International
Standard, a new frame marker, SOF57 (X'FFF9') assigned from the JPEG,, set, is used. The syntax of the new frame
marker segment is identical to the start of frame marker specified in ITU-T Rec. T.87 | ISO/IEC 14495-1 (SOFss,
X'FFF7"). Extended functions of JPEG-LS extension are identified by using JPEG-LS preset parameters marker, LSE
(X'FFF8'"), but with the table ID greater than X'04'. The details are described below.

G.1.2 JPEG-LS preset parameters specification syntax

The LSE marker segment may be present where tables or miscellaneous marker segments may appear, except for the
cases the table ID=X'06', X'09' and X'0A', and ID=X'01" or ID=X'0C' followed by an LSE marker segment with
ID=X'06". If tables specified in this marker segment for a given table ID appear more than once, each specification shall
replace the previous specification. Figure G.1 specifies the marker segment following an LSE marker which defines
parameters specified in ITU-T Rec. T.87 | ISO/IEC 14495-1 and specified only in this Recommendation | International
Standard, and are collectively called "JPEG-LS preset parameters".

LSE L1 ID

Figure G.1 — JPEG-LS preset parameters marker segment syntax

The marker and parameters, shown in Figure G.1 are defined below.

LSE: JPEG-LS preset parameters marker; marks the beginning of the JPEG-LS preset parameters marker
segment.

Ll: JPEG-LS preset parameters length; specifies the length of the JPEG-LS preset parameters marker
segment shown in Figure G.1.

ID: parameter ID; specifies which JPEG-LS preset parameters follow. The specifications for ID=X'01"
to ID=X'04" are identical to those of ITU-T Rec. T.87 | ISO/IEC 14495-1. Specifications for
ID=X'05' to ID=X'0D" are defined only for JPEG-LS extension.

G.1.2.1 Coding method specification
Figure G.2 specifies the entropy coder when ID is equal to X'05'.

LSE L1 X'05' ENT

Figure G.2 — LSE marker segment for coding method specification
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The new parameters shown in Figure G.2 are defined below. The size and allowed values of each parameter are given in
Table G.1.

ENT: ENT=0 indicates to use the Golomb coding (baseline coding process) specified in ITU-T
Rec. T.87| ISO/IEC 14495-1. ENT=1 indicates to use the baseline coding process with the
extended Golomb coding newly specified in this Recommendation | International Standard. ENT=2
indicates to use the arithmetic coding (arithmetic-base coding process) newly specified in this
Recommendation | International Standard.

Table G.1 — LSE marker segment parameter sizes and values for coding method specification

Parameter Size(bits) Values
L1 16 4
ID 8 X'05'
ENT 8 0,1,2

The default value of ENT is 0, which indicates Golomb coding specified in ITU-T Rec. T.87 | ISO/IEC 14495-1.

G.1.2.2 NEAR value re-specification (floating marker)

Figure G.3 specifies the re-specification of the NEAR parameter when ID is equal to X'06'".

LSE L1 X'06' NEAR NEARRUN NMCU

Figure G.3 — LSE marker segment for NEAR value re-specification

The new parameters shown in Figure G.3 are defined below. The size and allowed values of each parameter are given in
Table G.2.

NEAR: Re-specified NEAR value.
NEARRUN: NEAR value applied for the run mode.
NMCU: The number of MCUs encoded with the previous NEAR value.

Table G.2 — LSE marker segment parameter sizes and values for NEAR value re-specification

Parameter Size(bits) Values
L1 16 8
ID 8 X'06'
NEAR 8
0<NEAR < min(zss,[w}
NEARRUN 8 MAXVAL
0 < NEARRUN < min(25 5,{—1)
NMCU 32 0 <NMCU <232-1

An LSE marker segment with ID=X'06' may be present where tables or miscellanecous marker segments may appear or
in a coded image data segment. An LSE marker segmetn with ID=X'01"' or ID=X'0C' may also be present in a code
image data segment immediately following an LSE marker with ID=X'06". The values of the parameters NEAR and
NEARRUN overrides values specified in previous LSE marker segments with ID=X'06" or in the scan header. The
values of the parameters T1, T2, and T3 (and T4 if the arithmetic-based coding process is used) are reverted to the
default values corresponding to the new value of NEAR. If an LSE marker segment with ID=X'01' or ID=X'0C' follows
the LSE marker segment with ID=X'06', these thresholds may be redefined. RESET and MAXVAL may also be
changed by this segment. Next, the variables RANGE, LIMIT, qbpp, 4[], B[], C[], N1, Nn[], and RUNindex are reset
as if a restart marker was detected. If the extended prediction is used, the number of elements of SP/[0..RANGE],
SPm[0..RANGE] are adjusted corresponding to the new value of RANGE, and SPx, SPt, SPf[], SPm[] are also reset.

NOTE - To apply this extended function to the arithmetic-based coding process, NEARRUN shall be ignored.
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G.1.2.3 Visually oriented quantization specification

Figure G.4 specifies the visually oriented quantization threshold contained in the LSE marker segment when ID is
equal to X'07".

LSE L1 X'07' TQ

Figure G.4 — LSE marker segment for visually oriented quantization

The new parameter shown in Figure G.4 is defined below. The size and allowed values of each parameter are given in
Table G.3.

TQ: Visually oriented quantization threshold.

Table G.3 — LSE marker segment parameter sizes and values for visually oriented quantization

Parameter Size(bits) Values
LL 16 4
ID 8 X'07'
TQ 8 0< TQ< 13

G.1.2.4 Extended prediction specification

Figure G.5 specifies whether the extended prediction techniques, i.e., prediction value control and symbol packing, are
used when ID is equal to X'08'.

LSE Ll X'08'

Figure G.5 — LSE marker segment for extended prediction

Although this marker segment contains no additional parameter, appearance of the marker segment indicates that the
extended prediction shall be applied. The size and allowed values of each parameter are given in Table G.4. Note that in
the baseline coding process with the extended prediction, both of the prediction correction specified in D.2.2 and the
symbol packing specified in D.2.3 are used, while in the arithmetic coding process with the extended prediction, only
the prediction correction specified in A.4.2 is used.

Table G.4 — LSE marker segment parameter for extended prediction

Parameter Size(bits) Values
L1 16 3
ID 8 X'08'

G.1.2.5 Specification of the start of fixed length coding (floating marker)

Figure G.6 specifies the start of fixed length coding when ID is equal to X'09'.

LSE L1 X'09' NMCU

Figure G.6 — LSE marker segment to indicate the start of FLC
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The parameter shown in Figure G.6 is defined below. The size and allowed values of each parameter are given in

Table G.5.

NMCU: The number of MCUs encoded with an coding method before this marker segment.

Table G.5 — LSE marker segment parameter for fixed length coding

Parameter Size(bits) Values
LI 16 7
1D 8 X'09'
NMCU 32 0<NMCU <232-]

The LSE marker segment with ID=X'09"' may be present where tables or miscellaneous marker segments appear or in a

coded image data segment.

G.1.2.6 Specification of the end of fixed length coding (floating marker)

Figure G.7 specifies the end of fixed length coding when ID is equal to X'0A".

The parameter shown in Figure G.7 is defined below. The size and allowed values of each parameter are given in

Table G.6.

LSE

LL

X'0A'

NMCU

Figure G.7 — LSE marker segment to indicate the end of FLC

NMCU: The number of MCUs encoded with fixed length coding before this marker segment.

Table G.6 — LSE marker segment parameter for fixed length coding

Parameter Size(bits) Values
LI 16 7
ID 8 X'0A
NMCU 32 0<NMCU <232-]

The LSE marker segment with ID= X'0A' may be present where tables or miscellaneous marker segments appear or in a
coded image data segment.

G.1.2.7 JPEG-LS preset coding parameters

Figure G.8 specifies the JPEG-LS preset coding parameters when ID is equal to X'0C'. Note that G.1.2.8 is the same as
C.2.4.1 of ITU-T Rec. T.87 | ISO/IEC 14495-1 except the description about T4.

MAXVAL T1 T2

T3 T4 RESET

LSE L1

X'ocC'

Figure G.8 — LSE marker segment for JPEG-LS preset coding parameters

The parameters shown in Figure G.8 are defined below. The size and allowed values of each parameter are given in
Table G.7. This specification is valid only for the arithmetic-based coding process.

MAXVAL: Maximum possible value for any image sample in the scan. This must be greater than or equal
to the actual maximum value for the components in the scan.

T1: First quantization threshold value for the local gradients.

T2: Second quantization threshold value for the local gradients.
T3: Third quantization threshold value for the local gradients.
T4: Quantization threshold value for the additional local gradient.
RESET: Value at which the counters 4, B, and N are halved.
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Table G.7 — LSE marker segment parameter sizes and values for JPEG-LS preset coding parameters

Parameter Size Values
(bits)
Ll 16 15
ID 8 X'oC'
MAXVAL 16 0, or | <MAXVAL <2°
T1 16 0,or NEAR + 1 <T1 < MAXVAL
T2 16 0,or T1 £T2 < MAXVAL
T3 16 0, or T2 < T3 < MAXVAL
T4 16 0, or NEAR+1 < T4 < MAXVAL
RESET 16 0, or 3 < RESET < max(255, MAXVAL)
NOTE - P is the number of bits per image sample, contained in the start of frame marker
segment, as defined in ITU-T Rec. T.81 | ISO/IEC 10918-1.

For MAXVAL, T1, T2, T3, T4 and RESET, a value of 0 indicates reverting to default values as given in Table G.8.
The SOI marker also resets these parameters to default values given in Table G.8. The default values of T1, T2, T3 and
T4 specified in G.1.2.7.1 are calculated from the values of MAXVAL and NEAR that are in force at the time that T1,
T2, T3 and T4 are used.

NOTE 1 — The values of T1, T2, T3 and T4 may change during the encoding process other than by an LSE marker segment, for
example, if default values are used and the value of NEAR is changed by a scan header.

Table G.8 — Default values for JPEG-LS preset coding parameters

MAXVAL 2P
T1 See G.1.2.7.1
T2 See G.1.2.7.1
T3 See G.1.2.7.1
T4 See G.1.2.7.1
RESET 64

NOTE 2 — When an LSE marker is used, default parameter values can be specified by either using the value 0 or by explicitly
specifying the default value in the marker segment.

G.1.2.7.1 Default threshold values
The default threshold values T1, T2, T3 and T4, for gradient quantization, are given in terms of MAXVAL, NEAR and

the "basic" default threshold values for the case MAXVAL = 255, lossless coding (NEAR = 0), denoted BASIC_TT1,
BASIC_T2, BASIC_T3 and BASIC_T4. These default values are given in Table G.9:

Table G.9 — Default threshold values in case MAXVAL = 255, NEAR =0

BASIC_T1

BASIC_T2 7
BASIC_T3 21
BASIC_T4 5

The clamping function defined in Figure G.9 for integers i and j is also needed:

CLAMP(, j)=jifi> MAXVAL ori < j,

i otherwise.

Figure G.9 — Clamping functions for default thresholds
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In the case where MAXVAL 2> 128, the dependence of the default values on MAXVAL is specified by
FACTOR = L(min(MAXVAL, 4095) + 128)/256J. The default values in this case are given in Figure G.10.

T1 = CLAMP(FACTOR * (BASIC_T1 -2) + 2 + 3*NEAR, NEAR + 1)
T2 = CLAMP(FACTOR * (BASIC_T2 - 3)+ 3 + 5*NEAR, T1)

T3 = CLAMP(FACTOR * (BASIC_T3 — 4) + 4 + 7*NEAR, T2)

T4 = CLAMP(FACTOR * (BASIC_T4 — 4) + 4 + 3*NEAR, NEAR+1)

Figure G.10 — Default values in case MAXVAL > 128

Otherwise, if MAXVAL < 128, the dependence of the default values on MAXVAL is specified by
FACTOR =[256/(MAXVAL + 1)]. The default values in this case are given in Figure G.11.

T1 = CLAMP(max(2, [ BASIC_T1/FACTOR/ + 3*NEAR), NEAR + 1)
T2 = CLAMP(max(3, [ BASIC_T2/FACTOR/ + 5*NEAR), T1)
T3 = CLAMP(max(4, [ BASIC_T3/FACTOR] + 7*NEAR), T2)
T4 = CLAMP(max(4, | BASIC_T4/FACTOR] + 3*NEAR), NEAR + 1)

Figure G.11 — Default values in case MAXVAL < 128

G.1.2.8 Inverse colour transform specification

Figure G.12 specifies the inverse colour transform contained in the LSE marker segment when ID is equal to X'0D".

LSE L1 X'0D’ MAXTRANS

Nt Ci(l)'"Ci(Nt) Vl A1,1~-~A1,Nt-1 .....

Vit ANt 1o ANENE1

Figure G.12 — LSE marker segment for inverse colour transform specification

The new parameters shown in Figure G.12 are defined below. The size and allowed values of each parameter are given

in Table G.10.
MAXTRANS:
Nt:

Ci(l)---C i(Nt)

Vl-"VNt:

Aq,1-+- AL Nt-15A2,1-+-A2 N1+ AN, 1--ANENE-1

Number in the range 0 < MAXTRANS <2P — 1.
Number of components participating in the transform.

Nt field. IDs of the Nt components participating in the
transform.

Nt composite fields. The composite fields Vi, Va, ... , V¢
refer to the components Cjq), Cizp .- > Cing >
respectively. Each composite field Vj consists of the sub-
fields:

F; (8 bits). The most significant bit of F; is a binary value
CENTER; . The seven least significant bits of F;j represent
a non-negative integer NORM; .

Nt*(Nt-1) sub-fields. Non-negative numbers.

The inverse colour transform specification marker segment may be present where tables or miscellaneous markers may
appear. Only one inverse colour transform specification marker may be present within a frame.

Each component specified in the inverse colour transform specification marker segment shall appear in one and only
one scan within the frame. All components specified in the inverse colour transform specification marker segment shall
have the same number of columns and the same number of rows.

The MAXVAL value in effect for each component specified in the inverse colour transform specification marker

segment must satisfy 1 < MAXVAL < MAXTRANS < 2P,

The use of the fields in the inverse colour transform specification marker segment is described in Annex F.
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Parameter Size(bits) Values
L1 16 6+2* Nt2
ID 8 X'0D'
MAXTRANS 16 MAXVAL < MAXTRANS < 2P
Nt 8 0 <Nt<255
Ciqay---Ciney Nt*8 0 < G <255
V1.Vt Nt*8 0<V;<255
A1 16 0<A;;<65535
Aq 16 0<Ay3<65535
ANt,Nt2 16 0 < AneNe2 S 65535
A NtNt-1 16 0 < A NgNet < 65535
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Annex H
Control procedures for extensions

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

This annex describes the encoder control procedures for the encoding process with extensions specified in this
Recommendation | International Standard. The extended encoding process needs to modify the control procedure for
encoding a restart interval defined in D.4 of ITU-T Rec. T.87 | ISO/IEC 14495-1, and add a new control procedure for
encoding a minimum coded unit. Except for the above two changes, the rest is identical to the control procedures
specified in Annex D of ITU-T Rec. T.87 | ISO/IEC 14495-1.

H.1 Control procedure for encoding a restart interval

Since floating markers, which may be present in the middle of the coded image data, are newly specified in this
Recommendation | International Standard, the control procedure for encoding a restart interval is modified as in
Figure H.1. In Figure H.1, the loop is terminated either when the encoding process has coded the number of minimum
coded units (MCU) in the restart interval or when it has completed the image scan.

The "Reset_encoder" procedure consists at least of the following:

a) Initialize variables according to the corresponding interleave mode as if the first line of each component
in the restart interval were the first line of the same component in a scan (see A.2.1, B.2.2 and B.3.2 of
ITU-T Rec. T.87 | ISO/IEC 14495-1, and A.2.1 and D.2.1);

b) do all other implementation-dependent set-ups that may be necessary.

The "Partial reset encoder" is the same as "Reset encoder", but without reverting to the first line (i.e., the MCUs
encoded with a fixed length code are still available as the context for the following MCUs).

The procedure "Prepare for marker" completes the last byte of the compressed image data to prepare for the insertion
of any marker by:

a) padding the final byte with zero bits;

b) invoking the procedure "Flush" (see B.1.2.6) to terminate an arithmetic-coded segment.

Note that only if an LSE marker segment with ID=X'06' is appended, an LSE marker segment with ID=X'01" or
ID=X'0C' may be present just after the LSE marker segment with ID=X'06".

NOTE - The number of minimum coded units (MCU) in the final restart interval must be adjusted to match the number of MCU
in the scan. The number of MCU is calculated from the frame and scan parameters.

H.2 Control procedure for encoding a minimum coded unit (MCU) with fixed length code (FLC)

The minimum coded unit is defined in Annex B of ITU-T Rec. T.87 | ISO/IEC 14495-1. Within a given MCU the
samples are coded in the order in which they occur in MCU. The control procedure for encoding MCU with FLC is
shown in Figure H.2.

In Figure H.2, Nb refers to the number of samples in the MCU. The order in which samples occur in the MCU is
defined in Annex B of ITU-T Rec. T.87 | ISO/IEC 14495-1.

The procedures for encoding a sample with FLC are specified in Annex E.
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Figure H.1 — Control procedure for encoding a restart interval
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Encode MCU
_with FLC

n=n+1

Encode sample
with FLC

No

Yes
Done

T1610600-02

Figure H.2 — Control procedure for encoding a minimum coded unit (MCU)
with fixed length coding (FLC)
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Annex I

Conformance tests

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

This annex specifies test images for conformance testing as specified in clause 8.

I1 Test images

The conformance tests for encoders and decoders specified in this Recommendation | International Standard are based
on a collection of test images, which form part of this Recommendation | International Standard, and consist of a set of
single- and multi-component image data, both source image data, and image data encoded in accordance with the
processes specified in this Recommendation | International Standard.

Source images are stored as computer files in PGM (single-component) or PPM (multi-component) format. Details of
these formats are given in 1.1.3. Components of a three component multi-component test image are labelled "red,"

"green," and "blue." Compressed image data is stored in digital computer files in the format specified in this
Recommendation | International Standard.

L1.1 Source images

The list of source test images is detailed in Table I.1.

Table 1.1 — Source test images

Image name Precision Components Dimensions Comments
(bits per sample) (columns X lines)
TESTS8 8 3 256 x 256 Reference 8-bps colour image
TEST8R 8 1 256 x 256 "red" component of TEST8
TEST8G 8 1 256 x 256 "green" component of TEST8
TEST8B 8 1 256 x 256 "blue" component of TESTS

TESTS is an 8-bit per sample RGB colour image composed of areas of photographic, graphic, text, and random data.
Other images starting with the prefix TEST8 are derived from TEST8 as indicated in the "Comments" column of
Table I.1.

NOTE - There is no guarantee that every possible path of the processes will be exercised.

L1.2 Compressed image data
The list of compressed image data is detailed in Table 1.2.

Each compressed image contains one frame, with the number of scans specified in the table. For multi-scan images,
each scan contains one component ("red", "green" and "blue" in this order). Scans contain no restart markers.

For parameters not explicitly specified in the table, all tests use default values as defined in Annex C of ITU-T
Rec. T.87 | ISO/IEC 14495-1 and Annex G.

L1.3 Test image formats

For the purpose of conformance testing, the source test images are stored in computer files using the following formats.
All character coding in the formats is in accordance with ISO/IEC 646:1991.

NOTE — These formats are defined only for the purpose of distributing test images for conformance testing as part of this

Recommendation | International Standard. This Recommendation | International Standard does not prescribe any specific format
as input for the encoding process, or as output from the decoding process.
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Table 1.2 — Compressed image data

Test Compressed Source Compo- Scans NEAR Other JPEG-LS Parameters
No. file name Image(s) nents
1 T8IVQ.JLS TEST8G 1 1 3 TQ=7(Visual quantization)
2 T8IRS.JLS TEST8G 1 1 0/2/3 | After encoding 128 NMCUs with lossless

mode, NEAR and NEARRUN are set to 2
and 3 respectively.

T8IEP.JLS TEST8G 1 1 0 Extended prediction.
4 T8IFL.JLS TESTS8G 1 1 0 From 65th line to 128th line, fixed length
coding is applied.
T8IEG.JLS TEST8G 1 1 0 Extended Golomb-coding.
6 T8COCT.JLS TESTS 3 3 0 ILV=0 (non-interleave). Parameters for the

inverse colour transform are the same as the
example in F.2.

7 T8A.JLS TEST8G 1 1 0 Arithmetic-based coding process.

8 T8AVQ.JLS TEST8G 1 1 3 TQ=7(Visual quantization) on arithmetic-
based coding process.

9 T8AEP.JLS TEST8G 1 1 0 Extended prediction on arithmetic-based

coding process.

LI.1.3.1 PGM format (for single-component images)
The file starts with a header consisting of 3 lines in the following format:

P5
XY
MAXVAL

Here, "P5" is text coded in accordance with ISO/IEC 646, X and Y are, respectively, the number of columns and lines
of the image (decimal integers represented in character coded format, separated by a space), and MAXVAL is the
maximum sample value (a decimal integer represented in character coded format). As an example, the header for
TEST16.PGM has the following format:

P5
256 256
4095

The header is followed by X*Y samples in binary format, stored in raster scan order, line by line. For TESTS and its
derived images, each sample occupies one byte. For TEST16, each sample occupies two bytes, with the most significant
byte of the sample stored before the least significant byte, and with the 12 bits of the sample stored in the least
significant bits of the two bytes representing the sample.

1.1.3.2 PPM format (for multi-component images)
This is a three-component file format which starts with a header consisting of three lines in the following format:

P6
XY
MAXVAL

Here, "P6" is character coded text, X and Y are, respectively, the number of columns and lines of the image (decimal
integers represented in character coded format, separated by a space), and MAXVAL is the maximum sample value (a
decimal integer represented in character coded format). As an example, the header for TESTS.PPM has the following
format:

P6
256 256
255

The header is followed by 3*X*Y samples in binary format, stored in raster scan order, line by line, and column by
column, with samples interleaved from each component in "red", "green", "blue" order. For TEST8 and its derived
images, each sample occupies one byte (thus, each sample position within a line occupies 3 bytes, corresponding to the
3 image components).
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Annex J

Patents

(This annex does not form an integral part of this Recommendation | International Standard)

J.1 List of patents

The following patents are claimed to be of relevance for the implementation of this Recommendation | International
Standard.

Hewlett-Packard Company

US 5,680,129, October 1997, Hewlett-Packard Company, Weinberger (M.) et al.: System and Method for Lossless
Image Compression.

US 5,764,374, June 1998, Hewlett-Packard Company, Seroussi (G.) et al.: System and Method for Lossless Image
Compression Having Improved Sequential Determination of Golomb Parameter.

Contact address for patent information

Hewlett-Packard Company.

Corporate Legal Department, Intellectual Property Section
1501 Page Mill Road, Palo Alto, California 94304-1126, USA

Tel:  +1(650) 857 4660
Fax:  +1(650) 857 5487

Mitsubishi Electric Corporation

[Family patents for the following may also be filed outside Japan.]

Japanese Patent, 1251403, February 1985, Mitsubishi Electric Corp., Ono (F.) et al.: Image Encoder and Decoder.
Japanese Patent, 1327309, February 1985, Mitsubishi Electric Corp., Ono (F.) et al.: Image Encoder and Decoder.
Japanese Patent, 1386973, July 1987, Mitsubishi Electric Corp., Ono (F.) et al.: Image Encoding and Decoding Method.

Japanese Patent, 1519215, September 1989, Mitsubishi Electric Corp., Ono (F.) ef al.: Image Encoding and Decoding
Method.

Japanese Patent, 1519216, September 1989, Mitsubishi Electric Corp., Ono (F.) et al.: Image Encoding and Decoding
Method.

Japanese Patent, 1696527, September 1992, Mitsubishi Electric Corp., Ono (F.) ef al.: Image Encoder and Decoder.

Japanese Patent, (8-63117, pending), March 1996, Mitsubishi Electric Corp., Kimura (T.) ef al.: Image Encoder and
Decoder.

Japanese Patent, 2128110, April 1997, Mitsubishi Electric Corp., Ono (F.) et al.: Image Encoder and Encoding Method.
Japanese Patent, 2783221, May 1998, Mitsubishi Electric Corp., Ono (F.) ef al.: Decoding Method.

Japanese Patent, (9-60704, pending), March 1997, Mitsubishi Electric Corp., Kimura (T.) et al.: Adaptive Encoding
Method.

Contact address for patent information

Mitsubishi Electric Corp.

Intellectual Property Licensing Department

2-2-3 Marunouchi, Chiyoda-ku, Tokyo 100, Japan
Tel: +81 (3) 3218 3465

Fax: +81 (3) 3218 2474
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The Chinese University of Hong Kong

US 5,903,676, May 1999, The Chinese University of Hong Kong, Xiaolin Wu and Nasir Memon: Context-Based,
Adaptive, Lossless Image Codec.

Contact address for patent information

Research and Technology Administration Office
The Chinese University of Hong Kong

Shatin, NT

Hong Kong Special Administrative Region

Tel: +1 852 2609 8883

Fax: +1 852 2603 5451

Canon Inc.

US 5,960,116, September 1999, Canon Kabushiki Kaisha, Kajiwara (H.) : Image Processing Apparatus and Method for
Performing Prediction Data Encoding.

Contact address for patent information

Canon Inc.

Contracts and Licensing Center

Corporate Intellectual Property and Legal Headquarters

30-2, Shimomaruko 3-chome, Ohta-ku, Tokyo 146-8501, Japan
Tel: +81(3) 3757 6138

Fax: +81 (3) 5482 7387
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