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FOREWORD

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members
of ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described in
the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types of
document should be noted (see www.iso.org/directives).

Attention|is drawn to the possibility that some of the elements of this document may be the subjcet| of patent
rights. ISP and IEC shall not be held responsible for identifying any or all such patent rights, Petdils of any
patent rights identified during the development of the document will be in the Introductiod and/or op the ISO
list of pafent declarations received (see www.iso.org/patents) or the IEC list of patent declarationg received
(see http:}/patents.iec.ch).

Any tradg name used in this document is information given for the convenience ofusers and does not ponstitute
an endorsement.

For an explanation of the voluntary nature of standards, the meaning of;ISO specific terms and eypressions
related t¢ conformity assessment, as well as information about’dSO's adherence to the Wofld Trade
Organization (WTO) principles in the Technical Barriers to Trade{{TBT) see www.iso.org/iso/foreword.html.

This docyment was prepared by ITU-T as ITU-T Rec. T.88 (2018) and drafted in accordance with ity editorial
rules. It was adopted by Joint Technical Committee ISOAEC JTC 1, Information technology, Subdommittee
SC 29, Coding of audio, picture, multimedia and hypexmédia information.

This second edition cancels and replaces the first edition (ISO/IEC 14492:2001), which has been t¢chnically
revised. [It also incorporates ISO/IEC 14492:2001/Amd.1:2004, ISO/IEC 14492:2001/Amd.2:2003 and
ISO/IEC [14492:2001/Amd.3:2012.

Any feedback or questions on thisdocument should be directed to the user’s national standardd body. A
complete|listing of these bodies can be found at www.iso.org/members.html.
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Information technology — Lossy/lossless coding of bi-level images

Summary

Rec. ITU-T T.88 | ISO/IEC 14492, commonly known as JBIG2, defines a coding method for bi-level images (e.g., black

and wlifite printed matter). These arc images coNsisting of a single rectangular bit plane, with each pixel taking omn
just tWo possible colours. This Recommendation | International Standard has been explicitly prepared for-a

losslesp, and lossy-to-lossless image compression.
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FOREWORD

The International Telecommunication Union (ITU) is the United Nations specialized agency in the field of
telecommunications, information and communication technologies (ICTs). 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 tapics

The aLproval of ITU-T Recommendations is covered by the procedure laid down in WTSA Resolution’[l.

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

NOTE

In thjs Recommendation, the expression "Administration" is used{ for conciseness to indicate both a
telecqmmunication administration and a recognized operating agenigy-

Compliance with this Recommendation is voluntary. Howeyep, the Recommendation may contain crtain
mandptory provisions (to ensure, e.g., interoperability?;or applicability) and compliance with the
Recommendation is achieved when all of these mandatery provisions are met. The words "shall" or|some
other [obligatory language such as "must" and the negative equivalents are used to express requirement$. The
use of such words does not suggest that complianceg with the Recommendation is required of any party.

INTELLECTUAL PROPERTY RIGHTS

ITU draws attention to-the possibility that the practice or implementation of this Recommendatior] may
involye the use of & 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 pthers
outside of the Récommendation development process.

As of the ‘date of approval of this Recommendation, ITU had received notice of intellectual property,

prote¢ted, by patents, which may be required to implement this Recommendation. However, implemgenters
s 41 VRN R % il h R g e | 41 L. 4 1 1 4

are cautroncatirat tnts ula_y IO 1Cl}lCDClll UICU 14AtlCSU HITULTIAUIVUIL alll al© UICICIUIT bl,lUllgly UIBCU W bUllDult the

TSB patent database at http:/www.itu.int/ITU-T/ipr/.

© ITU 2019

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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0 Introduction

This Recommendation | International Standard, informally called JBIG2, defines a coding method for bi-level images
(e.g., black and white printed matter). These are images consisting of a single rectangular bit plane, with each pixel
taking on one of just two possible colours. Multiple colours are to be handled using an appropriate higher level standard
such as Recommendation ITU-T T.44. It is being drafted by the Joint Bi-level Image Experts Group (JBIG), a
"Collaborative Team", established in 1988, that reports both to ISO/IEC JTC 1/SC29/WGT and to ITU-T.

Compression of this type of image is also addressed by existing facsimile standards, for example by the compression
algorithms in Recommendations ITU-T T.4 (MH, MR), T.6 (MMR), T.82 (JBIG1), and T.85 (Application profile of
JBIG1 for facsimile). Besides the obvious facsimile application, JBIG2 will be useful for document storage and
archiving, coding images on the World Wide Web, wireless data transmission, print spooling, and even
teleconferencing.

As the result of a process that ended in 1993, JBIG produced a first coding standard formally desi]Enated
Recommendation ITU-T T.82 | International Standard ISO/IEC 11544, which is informally known as JBIG or JBIG1.
JBIG] is intended to behave as lossless and progressive (lossy-to-lossless) coding. Though it has the capability of lossy
coding, the lossy images produced by JBIG1 have significantly lower quality than the original images because the
numb¢r of pixels in the lossy image cannot exceed one quarter of those in the original image.

On th¢ contrary, JBIG2 was explicitly prepared for lossy, lossless, and lossy-to-lossless image compression. The flesign
goal fpr JBIG2 was to allow for lossless compression performance better than that of the existing standards, gnd to
allow [for lossy compression at much higher compression ratios than the lossless ratios.ef{the existing standardq, with
almosf no visible degradation of quality. In addition, JBIG2 allows both qualify3progressive coding, with the
progrdssion going from lower to higher (or lossless) quality, and content-progréssive coding, successively adding
differgnt types of image data (for example, first text, then halftones). A typical JBIG2 encoder decomposes the input bi-
level ilmage into several regions and codes each of the regions separately using a‘different coding method. Such cdntent-
based [decomposition is very desirable especially in interactive multimedia‘applications. JBIG2 can also handle a|set of
imagep (multiple page document) in an explicit manner.

As is ftypical with image compression standards, JBIG2 explicitlycdefines the requirements of a compliant bitsfream,
and thus defines decoder behaviour. JBIG2 does not explicitly define a standard encoder, but instead is flexible epough
to allqw sophisticated encoder design. In fact, encoder design‘will be a major differentiator among competing JBIG2
implementations.

Althoyigh this Recommendation | International Standatd*is phrased in terms of actions to be taken by decoders to
interpfet a bitstream, any decoder that produces the, ¢orrect result (as defined by those actions) is compliant, reggrdless
of thelactions it actually takes.

Annejes A, B, C, D, E and F are normatiyé, and thus form an integral part of this Recommendation | Interngtional
Standgrd. Annexes G, H, I, J and K are informative, and thus do not form an integral part of this Recommendhtion |
Internfitional Standard.

0.1 Interpretation and-use of the requirements

This section is informative‘and designed to aid in interpreting the requirements of this Recommendation | Interngtional
Standgrd. The requirements are written to be as general as possible to allow a large amount of implementation
flexib{lity. Hence thelanguage of the requirements is not specific about applications or implementations. In this section
a cortespondence is~drawn between the general wording of the requirements and the intended use of this Recom-
menddtion | International Standard in typical applications.

0.1.1 Subject matter for JBIG2 coding

JBIG2is=hsedtocode bi-level documents—A bi-level document contains one or more pages—A typical page cantains
some text data, that is, some characters of a small size arranged in horizontal or vertical rows. The characters in the text
part of a page are called symbols in JBIG2. A page may also contain "halftone data", that is, gray-scale or colour multi-
level images (e.g., photographs) that have been dithered to produce bi-level images. The periodic bitmap cells in the
halftone part of the page are called patterns in JBIG2. In addition, a page may contain other data, such as line art and
noise. Such non-text, non-halftone data is called generic data in JBIG2.

The JBIG2 image model treats text data and halftone data as special cases. It is expected that a JBIG2 encoder will
divide the content of a page into a text region containing digitized text, a halftone region containing digitized halftones,
and a generic region containing the remaining digitized image data, such as line-art. In some circumstances, it is better
(in image quality or compressed data size) to consider text or halftones as generic data; conversely, in some
circumstances it is better to consider generic data using one of the special cases.
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An encoder is permitted to divide a single page into any number of regions, but often three regions will be sufficient,
one for textual symbols, one for halftone patterns, and the third for the generic remainder. In some cases, not all types of
data may be present, and the page may consist of fewer than three regions.

The various regions may overlap on the physical page. JBIG2 provides the means to specify how the overlapping
regions are recombined to form the final page image.

A text region consists of a number of symbols placed at specified locations on a background. The symbols usually
correspond to individual text characters. JBIG2 obtains much of its effectiveness by using individual symbols more than
once. To reuse a symbol, an encoder or decoder must have a succinct way of referring to it. In JBIG2, the symbols are
collected into one or more symbol dictionaries. A symbol dictionary is a set of bitmaps of text symbols, indexed so that
a symbol bitmap may be referred to by an index number.

A halftone region consists of a number of patterns placed along a regular grid. The patterns usually correspond to gray-
scale Values. Indeed, the coding method of the pattern indices is designed as a gray-scale coder. Compression ¢an be
realiz¢d by representing the binary pixels of one grid cell by a single integer, the halftone index (which is\usyally a
rendetled gray-scale value). This many-to-one mapping (the pattern in a cell into a gray-scale value) may have the|effect
that edge information present in the original bitmap is lost by halftone coding. For this reason, lossless)or‘near-l¢ssless
coding of halftones will often be better in image quality (though larger in size) if the halftone is,6edéd with generic
coding rather than halftone coding.

0.1.2 Relationship between segments and documents

A JBI(52 file contains the information needed to decode a bi-level document. A JBIG2-file-is composed of segmdnts. A
typical page is coded using several segments. In a simple case, there will be a page-information segment, a symbol
dictiopary segment, a text region segment, a pattern dictionary segment, a halftone ‘region segment, and an end-off-page
segmgnt. The page information segment provides general information about th€)page, such as its size and resolution.
The dictionary segments collect bitmaps referred to in the region segmeénts. The region segments describe the
appearance of the text and halftone regions by referencing bitmaps fromra'dictionary and specifying where they ghould
appeaf on the page. The end-of-page segment marks the end of the page.

0.1.3 Structure and use of segments

Each pegment contains a segment header, a data header, and.-data. The segment header is used to convey segment
referefce information and, in the case of multi-page documients, page association information. A data header| gives
infornpation used for decoding the data in the segment. The data describes an image region or a dictionary, or prpvides
other fnformation.

Segmg¢nts are numbered sequentially. A segment-may refer to a lower-numbered, or earlier, segment. A region segment
is alwhys associated with one specific page of'the document. A dictionary segment may be associated with one ppge of
the document, or it may be associated with the’document as a whole.

A region segment may refer to one ormore earlier dictionary segments. The purpose of such a reference is to allpw the
decodpr to identify symbols in a dictienary segment that are present into the image.

A reglon segment may refer.fo an earlier region segment. The purpose of such a reference is to combine the fimage
descriped by the earlier segmient with the current representation of the page.

A dictionary segment may refer to earlier dictionary segments. The symbols added to a dictionary segment njay be
descriped directly, or{may be described as refinements of symbols described previously, either in the same dictjonary
segmgnt or in earlier dictionary segments.

A JBI{52 fileunay be organized in two ways, sequential or random access. In the sequential organization, each segment's
segmgnt header immediately precedes that segment's data header and data, all in sequential order. In the random pccess
organization, all the segment headers are collected together at the beginning of the file, followed by the data (including
data headers) for all the segments, in the same order. This second organization permits a decoder to determine all
segment dependencies without reading the entire file.

A third way of encapsulating of JBIG2-encoded data is to embed it in a non-JBIG2 file — this is sometimes called the
embedded organization. In this case a different file format carries JBIG2 segments. The segment header, data header,
and data of each segment are stored together, but the embedding file format may store the segments in any order, at any
set of locations within its own structure.

0.1.4 Internal representations

Decoded data must be stored before printing or display. While this Recommendation | International Standard does not
specify how to store it, its decoding model presumes certain data structures, specifically buffers and dictionaries.
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Figure 1 illustrates major decoder components and associated buffers. In this figure, decoding procedures are outlined
in bold lines, and memory components are outlined in non-bold lines. Also, bold arrows indicate that one decoding
procedure invokes another decoding procedure; for example, the symbol dictionary decoding procedure invokes the
generic region decoding procedure to decode the bitmaps for the symbols that it defines. Non-bold arrows indicate flow
of data: the text region decoding procedure reads symbols from the symbol memory and draws them into the page
buffer or an auxiliary buffer. Although it is not shown in Figure 1, the encoded data stream flows to the decoding
procedures, and the block labelled "Page and auxiliary buffers" produces the final decoded page images.

{ )

Text region Symbol
decodin | dictionary Symbol
- g decoding memory
procedure sroceduse
r
Generic
‘ refinement Context
region decoding memaory:
procedure
Page and
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Generic —

< region decoding

procedure  [d—————
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Halftone diction: :
J ) . ictiogary R Pattern
region decoding decoding memory
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Figure 1 — Block diagram of major decoder components

The rgsources required to decode any given“JBIG2 bitstream depend on the complexity of that bitstream. [Some
technifjues such as striping can be used to reduce decoder memory requirements. It is estimated that a full-feéatured
decodpr may need two full-page buffets,\plus about the same amount of dictionary memory, plus about 100 kilobytes of
arithnfetic coding context memory,-to_decode most bitstreams.

A buffer is a representation of @ bitmap. A buffer is intended to hold a large amount of data, typically the size of 4 page.
A buffer may contain the déscription of a region or of an entire page. Even if the buffer describes only a region,|it has
infornpation associated withyit that specifies its placement on the page. Decoding a region segment modifies the cqntents
of a byffer.

Therelis one speeial buffer, the page buffer. It is intended that the decoder accumulate region data directly in th¢ page
buffer|until the'page has been completely decoded; then the data can be sent to an output device or file. Decodjng an
immediate r€gion segment modifies the contents of the page buffer. The usual way of preparing a page is to decogle one
or mofeimmediate region segments, each one modifying the page buffer. The decoder may output an incompletf page
bufferl_either as part of progressive transmission or in response fo user input Such ontput is optional _and its conltent is
not specified by this Recommendation | International Standard.

All other buffers are auxiliary buffers. It is intended that the decoder fill an auxiliary buffer, then later use it to refine
the page buffer. In an application, it will often be unnecessary to have any auxiliary buffers. Decoding an intermediate
region segment modifies the contents of an auxiliary buffer. The decoder may use auxiliary buffers to output pages
other than those found in a complete page buffer, either as part of progressive transmission or in response to user input.
Such output is optional, and its content is not specified by this Recommendation | International Standard.

A symbol dictionary consists of an indexed set of bitmaps. The bitmaps in a dictionary are typically small,
approximately the size of text characters. Unlike a buffer, a bitmap in a dictionary does not have page location
information associated with it.
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0.1.5

Decoding results

Decoding a segment involves invocation of one or more decoding procedures. The decoding procedures to be invoked
are determined by the segment type.

The result of decoding a region segment is a bitmap stored in a buffer, possibly the page buffer. Decoding a region
segment may fill a new buffer, or may modify an existing buffer. In typical applications, placing the data into a buffer
involves changing pixels from the background colour to the foreground colour, but this Recommendation | International
Standard specifies other permissible ways of changing a buffer's pixels.

A typical page will be described by one or more immediate region segments, each one resulting in modification of the
page buffer.

Just as it is possible to specify a new symbol in a dictionary by refining a previously specified symbol, it is also possible
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. After a buffer has been refined, the original buffer is no longer available.
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Table 1 summarizes the types of data being decoded, which decoding procedure is responsible for decoding them, and
what the final representations of the decoded data are.
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Table 1 — Entities in the decoding process

Concent JBIG2 JBIG2 Physical
P bitstream entity decoding entity representation
Document JBIG2 file JBIG2 decoder Output medium or device
Page Collection of segments Implicit in control decoding Page buffer
procedure
Region Region segment Region decoding procedure Page buffer or auxiliary
buffer

Dictionary Dictionary segment Dictionary decoding procedure List of symbols
Character Field within a symbol dictionary Symbol dictionary decoding Symbol bitmap

segment procedure
Gray{scale value | Field within a halftone dictionary Pattern dictionary decoding Pattern

segment procedure

0.2 Lossy coding

This Jecommendation | International Standard does not define how to control lossy coding of bi-level images. Rqther it
definels how to perform perfect reconstruction of a bitmap that the encoder has chosen to encode. If the encoder chooses
to endode a bitmap that is different than the original, the entire process becomes one of lossy coding. The different
coding methods allow for different methods of introducing loss in a profitable way.

0.2.1 Symbol coding

Lossy| symbol coding provides a natural way of doing lossy coding of text regions. The idea is to allow|small
differgnces between the original symbol bitmap and the one indexed in the/symbol dictionary. Compression gain is
effect¢d by not having to code a large dictionary and, afterwards, byy,having a cheap symbol index coding as a
conseduence of the smaller dictionary. It is up to the encoder to decide when two bitmaps are essentially the sgme or
essentjally different. This technique was first described in [1].

The hazard of lossy symbol coding is to have substitution.errors, that is, to have the encoder replace a Bitmap
corresponding to one character by a bitmap depicting a different character, so that a human reader misreafls the
charadter. The risk of substitution errors can be reduced;by using intricate measures of difference between bitmaps
and/o1l by making sure that the critical pixels of the indexed bitmap are correct. One way to control this, desfribed
in [5],|is to index the possibly wrong symbol and thenjto apply refinement coding to that symbol bitmap. The idéa is to
encodf the basic character shape at little cost, then correct pixels that the encoder believes alter the meaning fof the
charadter.

The process of beneficially introducing loss in textual regions may also take simpler forms such as removing flygpecks
from §locuments or regularizing edges.of letters. Most likely such changes will lower the code length of the fegion
withofit affecting the general appearan¢e of the region — possibly even improving the appearance.

A nunpber of examples of performing this sort of lossy symbol coding with JBIG2 can be found in [7].

NQTE — Although the term"text region" is used for regions of the page coded using symbol coding, other possible fises of
symbol coding include doding line-art and other non-textual data.

0.2.2 Generic coding

To efffect near-10ssless coding using generic coding, the encoder applies a preprocess to an original image and efcodes
the chhnged.image losslessly. The difficulties are to ensure that the changes result in a lower code length and that the
quality of‘the changed image does not suffer badly from the changes. Two possible preprocesses are given ip [11].
These| preéprocesses flip pixels that, when flipped, significantly lower the total code length of the region, but ¢an be
flipped without seriously impairing the visual quality. The preprocesses provide for effective near-lossless coding of
periodic halftones and for a moderate gain in compression for other data types. The preprocesses are not well-suited for
error diffused images and images dithered with blue noise as perceptually lossless compression will not be achieved at a
significantly lower rate than the lossless rate.

0.2.3 Halftone coding

Halftone coding is the natural way to obtain very high compression for periodic halftones, such as clustered-dot ordered
dithered images. In contrast to lossy generic coding as described above, halftone coding does not intend to preserve the
original bitmap, although this is possible in special cases. Loss can also be introduced for additional compression by not
putting all the patterns of the original image into the dictionary, thereby reducing both the number of halftone patterns
and the number of bits required to specify which pattern is used in which location.
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For lossy coding of error diffused images and images dithered with blue noise, it is advisable to use halftone coding
with a small grid size. A reconstructed image will lack fine details and may display blockiness but will be clearly
recognizable. The blockiness may be reduced on the decoder side in a postprocess; for instance, by using other
reconstruction patterns than those that appear in the dictionary. Error diffused images may also be coded losslessly, or
with controlled loss as described above, using generic coding.

More details on performing this halftone coding can be found in [12].

0.2.4 Consequences of inadequate segmentation

In order to obtain optimum coding, both in terms of quality and file size, the correct form of encoding should be used
for the appropriate regions of the document pages. This subclause briefly describes the consequences of errors in this
segmentation.

Using[10sSy symbol coding for a document comaining both text and halftone data will result in _poor comprgssion.
Deperlding on the encoder, the quality of the halftone data may be good or bad. Using the form of lossy symbol'¢oding
descriped in [5], the visual quality will probably not suffer.

Using|lossy generic coding (using the preprocesses given in [11]) for a document containing both symbel and hdlftone
data upually results in good quality and moderate compression.

Line qrt and regions of handwritten text may be coded efficiently using generic coding, but depending on the enjcoder,
these {ypes of regions can also be very effectively coded with symbol coding.
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ISO/IEC 14492:2019 (E)

INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

Information technology — Lossy/lossless coding of bi-level images

1 Scope

This Recommendation | International Standard! defines methods for coding bi-level images and sets of images
(documents consisting of multiple pages). It is particularly suitable for bi-level images consisting of text and dithered
(halftone) data.

The npethods—defined—permittossless—(bit-preserving)—eoding—tossy—ecoding—and—progressive—eoding—H—prostessive
coding, the first image is lossy; subsequent images may be lossy or lossless.

This Recommendation | International Standard also defines file formats to enclose the coded bi-level imagg data.

2 Normative references

The fqllowing Recommendations and International Standards contain provisions which, through references in this text,
constifute provisions of this Recommendation | International Standard. At the time of publiedtion, the editions indicated
were Valid. All Recommendations and Standards are subject to revision, and parties to agreements based dn this
Recommendation | International Standard are encouraged to investigate the possibility of applying the most |recent
editiof of the Recommendations and Standards listed below. Members of IEC and ISO maintain registers of cufrently
valid International Standards. The Telecommunication Standardization Bureau o6t ITU maintains a list of the cufrently
valid ITU-T Recommendations.

—  Recommendation ITU-T T.6 (1988), Facsimile coding schemes and coding control functions for Glroup 4
facsimile apparatus.

—  Recommendation ITU-T T.45 (2000), Run-length-olour encoding.

—  ISO/IEC 8859-1:1998, Information technology.—8-bit single-byte coded graphic character sets — Rart 1:
Latin alphabet No. 1.

— ISO/IEC 10646:2017, Information techuology — Universal Coded Character Set (UCS).

3 Definitions

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

3.1 adaptive template pixel(s):“Special pixel(s), in a template, whose location is not fixed.

3.2 aggregation: Joining or merging of several individual symbols into a new symbol.

33 bi-level image:(Rectangular array of bits.

34 bit: Binary(digit, representing the value 0 or 1.

3.5 bitmap: Bi-level image.

3.6 buffer: Storage area used to hold a bitmap.

3.7 byte: Eight bits of data.

3.8 combination operator: Operator used to combine the prior contents of a bitmap with new values being drawn

into that bitmap.

3.9 coordinate system: Numbering system for two-dimensional locations where locations are labelled by two
numbers, the first one increasing from left to right and the second one increasing from top to bottom.

3.10 delta S: Difference in the S coordinates between two successive symbol instances in a non-empty strip.

3.11 delta T: Difference in the T coordinates between two successive non-empty strips.

I This Recommendation | International Standard includes an electronic attachment with a reference source code
implementation and test bitstreams.

© ISO/IEC 2019 - All rights reserved Rec. ITU-T T.88 (08/2018) 1


https://standardsiso.com/api/?name=cb17c9853cf0baf9cc616b348a23085e

ISO/IEC 14492:2019 (E)

3.12

3.12.1
3.12.2
3.12.3
3.12.4

3.12.5

decoding procedure: Component of a decoder that decodes a certain type of data.

integer decoding procedure: Decoding procedure whose output on each invocation is a single value.

arithmetic integer decoding procedure: Integer decoding procedure that uses arithmetic entropy decoding.

region decoding procedure: Decoding procedure whose output is a bitmap.

generic region decoding procedure: Region decoding procedure that operates by decoding pixels
individually or in runs.

generic refinement region decoding procedure: Region decoding procedure that operates by modifying a
reference bitmap to produce an output bitmap.

3.12.6 gray-scale decoding procedure: Decoding procedure whose output is a gray-scale image.

3.12.7| pattern dictionary decoding procedure: Decoding procedure whose output is a list of patterns.

3.12.8 halftone region decoding procedure: Region decoding procedure that operates by drawing aset_of pjtterns
into a pitmap, placing the patterns according to a halftone grid.

3.12.9] Huffman table decoding procedure: Decoding procedure whose output is a Huffman table.

3.12.10 text region decoding procedure: Region decoding procedure that operates by,.drawing a set of symbol
instanges into a bitmap.

3.12.1j1l symbol dictionary decoding procedure: Decoding procedure whose output/isia list of symbols.

3.13 decoder: Entity capable of decoding a bitstream in conformance with this” Recommendation | Interngtional
Standgrd.

3.14 dictionary: List of bitmaps.

3.14.1| pattern dictionary: List of patterns.

3.14.2] symbol dictionary: List of symbols.

3.15 export flag: Bit indicating that a symbol is on the export list of a symbol dictionary.

3.16 export list: List of the symbols in a symbel’dictionary that may be used by referring to that symbol
dictiomary.

3.17 gray-scale image: Rectangular array of non-negative integer indices.

3.18 gray-scale pixel: Integer-valued element in a gray-scale image.

3.19 halftone grid: Rectilinear grid.of‘locations specifying where patterns are to be drawn.

3.20 height class: Set of symbols.in a symbol dictionary whose heights are all equal.

3.21 height class delta height: Difference in height between two height classes.

3.22 height class deltaswidth: Difference in width between two symbols in a height class.

3.23 Huffman table’ Collection of table lines specifying how values are encoded.

3.24 lossless-cading: Method of encoding data so that the decoded data are identical to the original data.

3.25 lossy~.coding: Method of encoding data so that the decoded data differ, ideally only in insignificant|ways,
from the driginal data.

3.26 ordimal—Vatucused-asacounter:

3.27 out-of-band value: Non-numeric value that may be produced in place of an integer.

3.28 pattern: Bitmap produced by a pattern dictionary decoding procedure.

3.29 pixel: Element with 0 or 1 as its value in a bitmap.

3.30 prefix length: Length of the Huffman code prefix in a table line.

3.31 range length: Number of additional code bits in a table line.

3.32 reference bitmap: Bitmap used as the reference plane during the refinement region decoding procedure.

3.33 referred-to segment: Other segment required in order to decode the current segment.
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3.34
3.35
3.36
3.36.1
3.36.2
3.37
3.38
3.39

ISO/IEC 14492:2019 (E)

region: Bitmap produced by a region decoding procedure.

segment: Segment header and its segment data.

strip: Full-width or full-height portion of the coordinate system of a text region.
empty strip: Strip containing the reference corners of no symbol instances.
non-empty strip: Strip containing the reference corner of at least one symbol instance.
strip size: Extent in pixels of the non-full dimension of a strip.

symbol: Bitmap produced by a symbol dictionary decoding procedure.

symbol ID: Integer used to identify a symbol or to index into an array of symbols to retrieve the symbol.

3.40
341

and thg bitmap produced by the generic refinement region decoding procedure.

3.42

and thg bitmap produced by the generic refinement region decoding procedure.

3.43
symbd

3.44
symbd

345
follow

3.46
TOW.

3.47

N(

vaifiable name.

4.1

For th
AT
EOFB
ID
LPS
LSB
MMR|
MPS

symbol instance: Symbol drawn, possibly with refinement, at a particular location 1n a text region.

symbol instance refinement delta height: Difference in height between a symbol instance's reference |
symbol instance refinement delta width: Difference in width between a symbol instance's_reference 1

symbol instance refinement delta X: Difference between the X coordinates ,of the top left corner
1 instance's reference bitmap and the bitmap produced by the generic refinement regiorrdecoding procedure

symbol instance refinement delta Y: Difference between the Y coordinates of the top left corne
1 instance's reference bitmap and the bitmap produced by the generic refinement region decoding procedure

table line: Specification of the encoding of a single value or a range’ of values as a Huffman code
ed by a fixed number of additional code bits.

typical prediction: Method of signalling that an entire row,of*a generic region is identical to the pre

value: Integer or out-of-band indicator that is decoded:

Symbols and abbreviations

TE — Due to ISO nomenclature requirements, within the context of clause 4, the term "symbol" is locally used to

Abbreviations

e purposes of this Recommendation | International Standard, the following abbreviations apply.
Adaptive Template
End-of-Facsimile Block
Identifier
Less Probdble-Symbol, i.e., less probable binary value
Least Significant Bit
Medified Modified READ

More Probable Symbol, i.e., more probable binary value

itmap

itmap

5 of a

5 of a

prefix

eding

nean a

MSB
OOB

Most dignificant Bit
Out-of-Band

READ Relative Element Address Designate

TPGD
TPGR

Typical prediction for generic direct bitmap coding

Typical prediction for generic refinement bitmap coding

NOTE — The term "symbol" in the abbreviations LPS and MPS does not refer to the symbols (bitmaps) in this Recommendation |
International Standard. The LPS and MPS abbreviations are used despite this because they are the generally-accepted
terminology in arithmetic coding.
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4.2

Symbol definitions

The symbols used in this Recommendation | International Standard are listed below. A convention is used that
parameters to any of the decoding procedures that are used in this Recommendation | International Standard are

indicated in bold face.

A
a
ARR

Probability interval
A real number

An array

Ay, Ay, Az, Ay, As, As, Az, A, Ao, Avo, A11, A

Adaptive template pixels in the generic region decoding procedure

oured

oding

B Current byte of arithmetically-coded data

B1 Byte of arithmetically-coded data following the current byte

Bye A height class collective bitmap in a symbol dictionary decoding procedure

Bupc A dictionary collective bitmap in a pattern dictionary decoding procedure

Bp A pattern bitmap in a pattern dictionary decoding procedure

Bg A symbol bitmap in a symbol dictionary decoding procedure

BM A bitmap

BP Pointer to byte B

BPST Initial value of BP

C Value of bitstream in code register

Chigh| High-order 16 bits of C

Clow Low-order 16 bits of C

COLEXTFLAG A parameter indicating whether the genefic region segment is extended to represent a co
bitmap

CONTEXT The values of the pixels in a template used in the generic or generic refinement de
procedure

CPCOMPLEN The length (in bytes) of each-Component's value

CPDHFCOLS The default colour set

CPEXICOLS The colours defined in the colour palette segment

CPNGOMP The number of'colour components

CPNVYALS The numbet of colour values coded in this segment

CT Renermalization shift counter

CUR({ODE The Huffman code for the current table line in a Huffman table

CURHXFLAG The current export flag

CURLEN The current table line prefix length in a Huffman table

CURKRANGELOW The lower bound of the range of the current table line in a Huffman table

CURS The current S coordinate in a text region decoding procedure

CUR The current symbol instance's T coordinate relative to the current strip's T coordinate 1n a text
region decoding procedure

CX A label identifying an arithmetic coding context

D Arithmetic coding decision

DFS The difference in S coordinates between the first instances of two strips

DT The number of empty strips between two non-empty strips

DW The difference in width between two symbol bitmaps in a symbol dictionary decoding
procedure

EXFLAGS An array of export flags

EXINDEX An index for the array EXFLAGS
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EXRUNLENGTH The length of a run of identical export flag values

EXTTEMPLATE A parameter indicating whether extended reference template is used in a generic region
decoding
procedure
FIRSTS The first S coordinate of the current strip
FIRSTCODE The first code assigned to a particular prefix length in a Huffman table
GBATX|q The X location of adaptive template pixel 1 in a generic region decoding procedure
GBATY; The Y location of adaptive template pixel 1 in a generic region decoding procedure
GBATX, The X location of adaptive template pixel 2 in a generic region decoding procedure
GBATXj; The X location of adaptive template pixel 3 in a generic region decoding procedure
GBATY; The Y location of adaptive template pixel 3 in a generic region decoding procedure
GBATXy The X location of adaptive template pixel 4 in a generic region decoding proeedure
GBATY4 The Y location of adaptive template pixel 4 in a generic region decoding procedure
GBATXs The X location of adaptive template pixel 5 in a generic region decoding procedure
GBATY:s The Y location of adaptive template pixel 5 in a generic regiofi decoding procedure
GBATXGs The X location of adaptive template pixel 6 in a generic fegion decoding procedure
GBATYs The Y location of adaptive template pixel 6 in a gen@ric region decoding procedure
GBATX~ The X location of adaptive template pixel 7 in a‘generic region decoding procedure
GBATY~ The Y location of adaptive template pixel 7in'a generic region decoding procedure
GBATXs The X location of adaptive template pixel 8 in a generic region decoding procedure
GBATYs The Y location of adaptive templat¢'pixel 8 in a generic region decoding procedure
GBATXo The X location of adaptive template pixel 9 in a generic region decoding procedure
GBATY» The Y location of adaptive template pixel 9 in a generic region decoding procedure
GBATX10 The X location of adaptive template pixel 10 in a generic region decoding procedure
GBATY10 The Y locatigi-of adaptive template pixel 10 in a generic region decoding procedure
GBATXnu The X location of adaptive template pixel 11 in a generic region decoding procedure
GBATYn Thel¥, 1ocation of adaptive template pixel 11 in a generic region decoding procedure
GBATX12 The X location of adaptive template pixel 12 in a generic region decoding procedure
GBATY12 The Y location of adaptive template pixel 12 in a generic region decoding procedure
GB The prefix used for many of the variables associated with a generic (bitmap) region de¢oding
procedure
GBCOLS An array containing the colours used in a generic region segment
GBCOMBOP The combination operator used in a generic region decoding procedure
GBFGCOLID The 4-byte integer indicating the foreground colour of the generic region segment
GBH The height of a generic region
GBREG The region produced by a generic region decoding procedure
GBTEMPLATE A parameter indicating the number and arrangement of the pixels in a template used in a
generic region decoding procedure
GBW The width of a generic region
GI An array of gray-scale values
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GR The prefix used for many of the variables associated with a generic refinement region decoding
procedure

GRATX; The X location of adaptive template pixel 1 in a generic refinement region decoding procedure

GRATY; The Y location of adaptive template pixel 1 in a generic refinement region decoding procedure

GRATX,; The X location of adaptive template pixel 2 in a generic refinement region decoding procedure

GRATY, The Y location of adaptive template pixel 2 in a generic refinement region decoding procedure

GRAY The current gray-scale value

GRAYMAX The largest gray-scale value for which a pattern is given in a pattern dictionary decoding
procedure

GRH The height of a generic region being coded with refinement coding

GRREFERENCE The reference bitmap in a generic refinement region decoding procedure

GRREFERENCEDX The X offset of the reference bitmap with respect to the bitmap being decodedin a generic
refinement region decoding procedure

GRREFERENCEDY The Y offset of the reference bitmap with respect to the bitmap being,deeoded in a generic
refinement region decoding procedure

GRRHG The region produced by a generic refinement region decoding procedute

GRTEMPLATE A parameter indicating the number and arrangement of the'\piXels in a template ufed in
decoding a generic region with refinement coding

GRW| The width of a generic region being coded with refinemeit coding

GS The prefix used for many of the variables assogiated with a gray-scale image de¢oding
procedure

GSBHP The number of bits per gray-scale value in a gray-scale image decoding procedure

GSH The height of the gray-scale image in a gray-scale image decoding procedure

GSKIP A mask indicating gray-scale values todbeskipped

GSMMR Whether MMR is used in a gray-scale image decoding procedure

GSTEMPLATE A parameter indicating the number and arrangement of the pixels in a template usefl in a
gray-scale image decoding procedure

GSUSESKIP Whether some gray-scaletvalues should be skipped in a gray-scale image decoding proceglure

GSVALS A decoded gray-scale,image

GSW The width of the gray-scale image in a gray-scale image decoding procedure

HB The prefix Gised for many of the variables associated with a halftone (bitmap) region de¢oding
procedure

HBH The-height of a halftone region

HBPP The'number of bits per value in an array of gray-scale values

HBW The width of a halftone region

HCHHIGHT The height of the current height class in a symbol dictionary decoding procedure

HCDH The difference in height between two height classes in a symbol dictionary decoding prodedure

HCFIRSTSYM The index of the first symbol decoded in a height class

HCOMBOP The combination operatorused-in-a halftone region decoding procedure

HD The prefix used for many of the variables associated with a pattern dictionary region decoding
procedure

HDEFPIXEL The default for pixels in a halftone region

HDMMR Whether MMR is used in a pattern dictionary decoding procedure

HDPATS Array of patterns produced by a pattern dictionary decoding procedure

HDPH The height of the patterns in a pattern dictionary

HDPW The width of the patterns in a pattern dictionary

HDTEMPLATE The template identifier used to decode patterns in a pattern dictionary decoding procedure

HENABLESKIP Whether unneeded gray-scale values are skipped in a halftone region decoding procedure
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HGH The height of the gray-scale image in a halftone region decoding procedure

HGW The width of the gray-scale image in a halftone region decoding procedure

HGX The horizontal offset of the grid in a halftone region decoding procedure

HGY The vertical offset of the grid in a halftone region decoding procedure

Hy The height of a symbol instance bitmap

HIGHPREFLEN The prefix length of the upper range table line in a Huffman table

HMMR Whether MMR coding is used in a halftone region decoding procedure

HNUMPATS The number of patterns that may be used in a halftone region decoding procedure

HOy The height of the original bitmap of a symbol instance containing refinement information

HPATS Atray of patterns used 1n a halftone region

HPH The height of each pattern in a halftone region

HPW The width of each pattern in a halftone region

HRX The horizontal coordinate of a halftone grid vector

HRY The vertical coordinate of a halftone grid vector

HSKIP A mask indicating gray-scale values to be skipped

HT The prefix used for many of the variables associated with a Huffihan table decoding procgdure

HTEMPLATE A parameter indicating the number and arrangement of the-pixels in a template usefl in a
halftone region decoding procedure

HTHIGH One greater than the largest value that is represented by any normal table line in a Hyffman
table

HTLQW The lowest value that is represented by any nornial table line in a Huffman table

HTOHFSET The range offset of a table line when decodihg using a Huffman table

HTOOB Whether a Huffman table can produce.thé-out-of-band value OOB

HTPS The length of the encoded prefix field in a table line in a Huffman table

HTRHG The region produced by a halftoneregion decoding procedure

HTRS The length of the encoded rdnge field in a table line in a Huffman table

HTVAL The value decoded using;a Huffman table rappeller

I The array, indexed by CX, of the indices of the adaptive probability estimates

1 An array index

TIAAI An arithmeticlinteger decoding procedure used to decode the number of symbol instance$ in an
aggregation

IADH An arithimetic integer decoding procedure used to decode the difference in height betweg¢n two
heiglht classes

IADS An arithmetic integer decoding procedure used to decode the S coordinate of the second and
subsequent symbol instances in a strip

IADT An arithmetic integer decoding procedure used to decode the T coordinate of the second and
subsequent symbol instances in a strip

IADW An arithmetic integer decoding procedure used to decode the difference in delta width bgtween
taza-cumbaleinao haight olocc
two-symbelsia-height-elass

TAEX An arithmetic integer decoding procedure used to decode export flags

IAFS An arithmetic integer decoding procedure used to decode the S coordinate of the first symbol
Instance 1n a strip

IAID An arithmetic integer decoding procedure used to decode the symbol IDs of symbol instances

IARDH An arithmetic integer decoding procedure used to decode the delta height of symbol instance
refinements

IARDW An arithmetic integer decoding procedure used to decode the delta width of symbol instance
refinements

IARDX An arithmetic integer decoding procedure used to decode the delta X values of symbol instance

refinements
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leneric

IARDY An arithmetic integer decoding procedure used to decode the delta Y values of symbol instance
refinements

IARI An arithmetic integer decoding procedure used to decode the R; bit of symbol instances

IAIT An arithmetic integer decoding procedure used to decode the T coordinate of the symbol
Instances 1n a strip

1B, The bitmap of a symbol instance

1BO; The original bitmap of a symbol instance containing refinement information

ID; The symbol ID of a symbol instance

IDS The delta S value for a symbol instance in a text region decoding procedure

J An arrav index

K The ordinal for a referred-to segment

LENCOUNT A histogram of the prefix lengths in a Huffman table

LENMAX The largest prefix length in a Huffman table

LOGSBSTRIPS The base-2 logarithm of the strip size used to encode a text region

LOWPREFLEN The prefix length of the lower range table line in a Huffman table

LTP Whether the current line is coded explicitly in a generic region deedding procedure or a g
refinement region decoding procedure

Mg Horizontal index for the current gray-scale value

MMR Whether MMR coding is used in a generic region decoding procedure

MPS The array, indexed by CX, of the current more praebable binary values

NINSTANCES A symbol instance counter

ng Vertical index for the current gray-scale valie

NLPS The next index for an LPS renormalizatien

NMPH The next index for an MPS renormatization

NSYMSDECODED  The number of symbols decoded'so far in a symbol dictionary decoding procedure

NTEMP The number of table lines in‘a’Huffman table

OOB An out-of-band value

P The page with which.a segment is associated

PREFLEN An array of prefix lengths representing the table lines in a Huffman table

Qe An estimate.of the LPS probability

T A segment retention flag
The number of segments referred to by some segment

RANGELEN An array of the lengths of the ranges of the table lines in a Huffman table

RANGELOW An array of the lower bounds of the ranges of the table lines in a Huffman table

RA{, RA, Adaptive template pixels in the generic refinement region decoding procedure

RDH; The delta height of a symbol instance refinement bitmap

RDW/ The delta width of a symbol instance refinement bitmap

RDX; The X offset of a symbol instance refinement

RDY; The Y offset of a symbol instance refinement

REFAGGNINST The number of symbol instances in an aggregation

Ry A bit indicating whether refinement information is present for a symbol instance

REFCORNER Which corner of a symbol instance bitmap is to be used as a reference in a text region decoding
procedure

S One coordinate of the coordinate system used in a text region decoding procedure

St The S coordinate of a symbol instance
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SB The prefix used for many of the variables associated with a symbol (bitmap) region decoding
procedure

SBCOLS An array of colours used in a text region segment

SBCOLSECTSIZE The colour section length

SBDSOFFSET An offset for the coded delta S values in a text region

SBCOMBOP The combination operator used in a text region decoding procedure

SBDEFPIXEL The default for pixels in a text region

SBFGCOLID The three 1-byte integers indicating the foreground colour of the text region segment

SBH The height of a text region

SBHUEE Whether Huffman coding is used i

SBHUFFDS The Huffman table used to decode the S coordinate of subsequent symbol instances in asfrip

SBHUFFDT The Huffman table used to decode the difference in T coordinates between non-empty strips

SBHUFFFS The Huffman table used to decode the S coordinate of the first symbol instaneg in a strip

SBHUFFRDH The Huffman table used to decode the difference between a symbol's height and the height of a
refinement coded symbol instance bitmap

SBHUFFRDW The Huffman table used to decode the difference between a symbol's“width and the width of a
refinement coded symbol instance bitmap

SBHUFFRDX The Huffman table used to decode the difference between alsymbol instance's X coordingte and
the X coordinate of a refinement coded bitmap

SBHUFFRDY The Huffman table used to decode the difference bet¥een a symbol instance's Y coordingte and
the Y coordinate of a refinement coded symbol instance bitmap

SBHUFFRSIZE The Huffman table used to decode the size ofia symbol instance's refinement bitmap data

SBNUMINSTANCES The number of symbol instances in a text région

SBNUMSYMS The number of symbols that may be us€d in a text region

SBRATX; The X location of the adaptive template pixel RA in a text region decoding procedure

SBRATY; The Y location of the adaptive-template pixel RA; in a text region decoding procedure

SBRATX, The X location of the adaptive template pixel RA; in a text region decoding procedure

SBEjTYz The Y location of the\adaptive template pixel RA, in a text region decoding procedure

SBREFINE Whether refinement coding is used in a text region decoding procedure

SBREJG The region produced by a text region decoding procedure

SBRTEMPLATE Template identifier for refinement coding of bitmap in a text region decoding procedure

SBSTRIPS The height of the symbol instance strips

SBSYMCODELEN  The'length of the symbol codes used in IAID

SBSYMCODES An array of variable-length codes identifying individual symbols

SBSYMS An array of symbols used in a text region

SBW The width of a text region

SD The prefix used for many of the variables associated with a symbol dictionary region de¢oding
procedure

SDATX| The X location of the adaptive template pixel A in a symbol dictionary decoding procedure

SDATY; The Y location of the adaptive template pixel A in a symbol dictionary decoding procedure

SDATX, The X location of the adaptive template pixel A, in a symbol dictionary decoding procedure

SDATY, The Y location of the adaptive template pixel A, in a symbol dictionary decoding procedure

SDATXj The X location of the adaptive template pixel A3 in a symbol dictionary decoding procedure

SDATY; The Y location of the adaptive template pixel A3 in a symbol dictionary decoding procedure

SDATX4 The X location of the adaptive template pixel A4 in a symbol dictionary decoding procedure

SDATY4 The Y location of the adaptive template pixel A4 in a symbol dictionary decoding procedure
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SDEXSYMS The symbols exported from a symbol dictionary

SDHUFF Whether Huffman coding is used in a symbol dictionary decoding procedure

SDHUFFAGGINST The Huffman table used to decode the number of symbol instances in an aggregation in a
symbol dictionary decoding procedure

SDHUFFDH The Huffman table used to decode the difference in height between two height classes in a
symbol dictionary decoding procedure

SDHUFFDW The Huffman table used to decode the difference in width between two symbols in a symbol
dictionary decoding procedure

SDHUFFBMSIZE The Huffman table used to decode the size of a height class collective bitmap in a symbol
dictionary decoding procedure

SDINSYMS. An-array-of symbols-used-as-a-parameterto-a-symbol dictionary-decoding procedure

SDNHWSYMS The symbols decoded in a symbol dictionary

SDNHWSYMWIDTHS The widths of the symbols decoded in a symbol dictionary

SDNUMEXSYMS The number of symbols exported from a symbol dictionary

SDNUMINSYMS The number of symbols in the array that is used as a parameter to a symbol.dictionary de¢oding
procedure

SDNUMNEWSYMS The number of symbols generated in a symbol dictionary

SDREFAGG Whether refinement and aggregate coding are used in a symboldictionary decoding procg¢dure

SDRATX; The X location of the adaptive template pixel RA| in a symbol dictionary decoding procedure

SDRATY; The Y location of the adaptive template pixel RA | in.a Symbol dictionary decoding procejdure

SDRATX, The X location of the adaptive template pixel RA4.in a symbol dictionary decoding proceldure

SDRATY, The Y location of the adaptive template pixel\RA» in a symbol dictionary decoding procedure

SDRTEMPLATE Template identifier for refinement coding of bitmaps in a symbol dictionary de¢oding
procedure

SDTEMPLATE The template identifier used to decode symbol bitmaps in a symbol dictionary de¢oding
procedure

SKIP A mask of pixels to be skipped during the decoding of a generic region

SLTP A binary value indicating:whether the current line was typically predicted and the previofis line
was not, or vice versa

STRIBT The numerically smallest T coordinate in the current strip

SWIT[CH Whether MPSand LPS are switched on an LPS renormalization

SYMWIDTH The currént/bitmap width in a symbol dictionary decoding procedure

T One-coordinate of the coordinate system used in a text region decoding procedure

TEMHC Atemporary register in the MQ coder

T; TheT coordinate of a symbol instance

TOTWIDTH The total width of the bitmaps in a height class

TPGIDON Whether typical prediction is used in a generic region decoding procedure

TPGRON Whether typical prediction is used in a generic region refinement decoding procedure

TPGRPEX Whether-the-etrrentpixeHsto-be-decodedimpheitlyusingaFPGRpredietion

TPGRVAL The value of the TPGR-predicted current pixel

TRANSPOSED Whether the symbol instance coordinates are transposed in a text region decoding procedure

USESKIP Whether some pixels should be skipped in the decoding of a generic region

Vi A binary value

V2 A binary value

Wi The width of a symbol instance bitmap

WO; The width of the original bitmap of a symbol instance containing refinement information

X The horizontal coordinate of a location on a halftone grid
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X The horizontal coordinate of a pixel in a bitmap
y The vertical coordinate of a location on a halftone grid
Y The vertical coordinate of a pixel in a bitmap

4.3 Operator definitions

The following operators are defined:

OR If V1 and V2 are two binary values, then V1 OR V2 is equal to 0 if both V1 and V2 are 0. It is equal to
1 if either of VI or V2 is 1. If V1 and V2 are two integer values, then it is the result of bitwise
application of OR.

AND If V1 and V2 are two binary values, then V1 AND V2 is equal to 0 if either of V1 or V2 is 0. It is equal
To T if bothh Vi and V2 arc I. If VI and V2 arc two Integer vatucs, then 1t 1S e result of gitwise
application of AND.

XOR If V1 and V2 are two binary values, then V1 XOR V2 is equal to 0 if V1 and V2 are equal) Itis equal to
1if V1 and V2 differ. If V1 and V2 are two integer values, then it is the result of bitwise applicafion of
XOR.

XNOR If VI and V2 are two binary values, then V1 XNOR V2 is equal to 0 if V1 and V2«differ. It is equal to 1
if VI and V2 are equal.

REPLACE If V1 and V2 are two binary values, then V1 REPLACE V2 is equal to V2,

NOT If V1 is a binary value, then NOT V1 is 1if V1 is 0, and is 0 if V1 isA}

min If x and y are numbers, then min(x, y) is the smaller of x and y.

max If x and y are numbers, then max(x, y) is the larger of x and yx

L] If a is a number, then [ a] is the largest integer less than oregual to a.

[] If a is a number, then [ a | is the smallest integer greateizthan or equal to a.

<< If VI and V2 are two integers, then V1 << V2, is the value obtained by shifting the value pf V1
leftwards by V2 bits, filling the rightmost V2 bits*of the new value with 0.

>> If V1 and V2 are two integers, then V13> V2 is the value obtained by shifting the value pf V1
rightward by V2 bits, filling the leftmost,V2 bits of the new value with 0.

>> 4 If V1 and V2 are two integers, theni V1 >> 4, V2 is the value obtained by shifting the value jof V1

rightward by V2 bits, filling the leéftmost V2 bits of the new value with 0 if V1 is non-negative apd 1 if
V1 is negative.

5 Conventions

5.1 Typographic conventions

All pafameter names are-given in bold face.

5.2 Binary-notation

The two binary.values are denoted as 0 and 1.

5.3 L _=Hexadecimalnotation

The prefix 0x indicates that the following value is to be interpreted as a hexadecimal number (radix 16).

EXAMPLE — The value 0x6A is equal to the decimal value 106.

5.4 Integer value syntax

54.1 Bit packing

Bits are packed into bytes starting at the most significant bit. If a decoder is reading a sequence of bits out of a
bitstream, it shall first read the most significant bit of the first byte, then the next most significant bit, and so on, then
proceed to the next byte.
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EXAMPLE — The sequence of bytes 0x2F 0x05 0xC1, if interpreted as a sequence of bits, is the sequence

54.2

001011110000010111000001

Multi-byte values

All multi-byte values shall be interpreted in a most-significant-first manner: the first byte of each value is the most
significant, and the last byte is the least significant.

EXAMPLE — The sequence of bytes 0x01 0x5C 0x99 OxFA, if interpreted as a four-byte value, represents the value

0x01

54.3

5C99FA.

Bit numbering

The least significant bit of any value is numbered bit 0_For a one-hyte value the most significant bit is numbered bit 7;

for a
numbg

544

Unles
signed

5.5
Array!
EXAN

5.6

wo-byte value, the most significant bit is numbered bit 15; for a four-byte value, the most significant
red bit 31.

Signedness

otherwise specified, all multi-bit values shall be treated as unsigned values. When a value i$ to be treatd
number, it shall be interpreted in two's-complement form.

Array notation and conventions
are numbered starting from zero.
PLE — A one-dimensional array ARR containing twelve elements has elefiients:

ARR[0], ARR[1], . .., ARR| ]

Image and bitmap conventions

A bit

a pixel.

NQTE 1 — Throughout this Recommendation | International Standard, pixels in bitmaps are treated as having the values 0

ap is a rectangular array. Every element in this array has.the’value 0 or 1. An element in a bitmap is referre

bit is

d as a

] to as

br 1. In

most applications of this Recommendation | InternationalStandard, the application will select some interpretation of thqse two

values. A typical interpretation of these pixels is that 0 represents white, or background, and 1 represents black, or foreg

H

intgrpretations of these values.

The tgrms "left", "right", "top", "bottom", "width" and "height" are often applied to bitmaps. These terms do not r

any p
of the

as sho|
A pix
(0,0)

downy

If BM

N(
im

ever, this is not a requirement of this Recommendation | International Standard and applications are free to mak

ysical aspect of the bitmap: if a bitmap is printed on paper, it may be printed with its "left" edge along an
paper. They are used within this\Recommendation | International Standard to refer to the four edges of the {
wn in Figure 2.

bl in a bitmap is referred-to by a pair of coordinates X and Y, sometimes written as a pair (X, Y). The 1o
represents the pixel-inithe top left corner. The X coordinate increases rightwards and the Y coordinate ind
vards.

is a bitmap, then the pixel whose coordinates are X and Y is referred to as BM[X, Y].

TE 2 — These conventions are intended to make it easier to describe operations involving bitmaps, and are not inteq
bly any.physical characteristics of the image represented by the bitmap.
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Figure 2 — The four edges of a bitmap

6 Decoding Procedures

6.1 Introduction to decoding procedures

This Recommendation | International Standard makes use of a number of differenf-decoding procedures for different
types of data. Each of these decoding procedures produces a certain kind of datacas output. The generic region ded¢oding
procedure, generic refinement region decoding procedure, halftone region de€eding procedure, and text region de¢oding
procedures all produce regions as their output. The symbol dictionary decdding procedure produces an array of symbols
as its Joutput. The pattern dictionary decoding procedure similarly produces an array of halftone cell bitmaps|as its
output.

The various region decoding procedures operate in different ways:
*  The generic region decoding procedure decodes a bitmap, treating it simply as an array of binary pikels.

*  The generic region refinement decoding préocedure decodes a bitmap by treating it as an array of pinary
pixels, but coding each pixel with respect to some reference bitmap.

*  The text region decoding procedurg decodes a bitmap by drawing a collection of symbols into it, pdssibly
applying the generic refinement tegion decoding procedure to each one.

*  The halftone region decoding-procedure decodes a bitmap by placing a collection of patterns int¢ it, at
locations specified by a halftone grid.

Each flecoding procedure is specified’ in terms of a number of parameters and a sequence of operations, which are
affect¢d by the values of the parameters. These parameters are supplied to the decoding procedure for each invogation,
and tHe same decoding procedure may be invoked multiple times during the course of decoding a bitstreamy, with
differgnt parameters each/time”

Some |of the decoding procedure parameters are unused in certain circumstances, usually depending on the valpes of
other parameters. [irthese circumstances, no value needs to be specified for those unused parameters.

In thig clausessubsequent clauses, and normative annexes, restrictions are placed on the bitstream being decoded.

EXANIPEE, I — In 7.3, some segment types are described as "Reserved; must not be used."

EXAMPEE 2= 74211 if the SDHUEFF freid s tthemthe SDPHEFFD Hfreld must comtaim the vatue 6
These restrictions should be interpreted as meaning that the behaviour of a decoder encountering a bitstream that does

not satisfy the restrictions is undefined, and is outside the scope of this Recommendation | International Standard.

NOTE — This means that if a decoder encounters a bitstream that does not satisfy the restrictions, it may take any action: it may
give up and abort decoding; it may ignore the error and attempt to continue; it may interpret the error and change its behaviour
(e.g., use the error to attempt to aid recovery from further errors); and so on.
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6.2 Generic region decoding procedure

6.2.1 General description

This decoding procedure is used to decode a rectangular array of 0 or 1 values, which are coded one pixel at a time
(i.e., it is used to decode a bitmap using simple, generic, coding). The decoding procedure also modifies an array of
probability information which may be used by other invocations of this generic region decoding procedure.

The generic region decoding procedure may be based on sequential coding of the image pixels using arithmetic coding
as specified in Annex E and a template to determine the coding state. This technique was used in Rec. ITU-T T.82 |
ISO/IEC 11544 (JBIG). This type of decoding is described in 6.2.5.

Alternatively, for improved speed but reduced compression the generic region decoding procedure may be based on
Huffman coding of runs of pixels. This technique was used in the MMR (Modified Modified READ) algorithm
descriped in Recommendation ITU-T 1.6 (G4). This type of decoding 1s described in 6.2.6.

6.2.2 Input parameters

The pgrameters to this decoding procedure are shown in Table 2.

Table 2 — Parameters for the generic region decoding procedure

Name Type (f)ii::) Signed? Description and restrictions
MMR Integer 1 N Whether MMR coding is used.
GBW Integer 32 N The width of the région.
GBH; Integer 32 N The height.efithe region.
GBTEMPLATE Integer 2 N The template identifier.?)
TPGPON Integer 1 N Whéther typical prediction is used. ¥
EXTTEMPLATE Integer 1 N Whether extended reference template is used. ©
USE$KIP Integer 1 N Whether some pixels should be skipped in the decoding.?
SKIH Bitmap A bitmap indicating which pixels should be skipped. GBW

pixels wide, GBH pixels high.®)

GBA[I'’X, Integer 8 Y The X location of the adaptive template pixel A;.2)
GBA[l'Y, Integer 8 Y The Y location of the adaptive template pixel A;.2)
GBA[I'X, Integer 8 Y The X location of the adaptive template pixel A,.b
GBAJl'Y, Integer 8 Y The Y location of the adaptive template pixel A,.b
GBA[I'X; Integer: 8 Y The X location of the adaptive template pixel A3.b
GBA[T'Y; Integer 8 Y The Y location of the adaptive template pixel A3.b
GBA[I'X, Integer 8 Y The X location of the adaptive template pixel A,.b
GBA[I'Y4 Integer 8 Y The Y location of the adaptive template pixel As.
GBA[I'Xs Integer 8 Y The X location of the adaptive template pixel As. 9
GBA[I'Ys Integer 8 Y The Y location of the adaptive template pixel As. 9
GBA|I'Xs Integer 8 Y The X location of the adaptive template pixel As. 9
GBA[I'Ys Integer 8 Y The Y location of the adaptive template pixel As. 9
GBATX~ Integer 8 Y The X location of the adaptive template pixel A7. 9
GBATY” Integer 8 Y The Y location of the adaptive template pixel A7. 9
GBATXs Integer 8 Y The X location of the adaptive template pixel As. 9
GBATYs Integer 8 Y The Y location of the adaptive template pixel As. 9
GBATXo Integer 8 Y The X location of the adaptive template pixel A9. 9
GBATY? Integer 8 Y The Y location of the adaptive template pixel A9. 9
GBATXuo Integer 8 Y The X location of the adaptive template pixel Ao, 9
GBATYw0 Integer 8 Y The Y location of the adaptive template pixel Ato. 9
GBATX11 Integer 8 Y The X location of the adaptive template pixel Ai1. 9
GBATY1u Integer 8 Y The Y location of the adaptive template pixel A1, 9
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Table 2 — Parameters for the generic region decoding procedure

Name Type (?)li::) Signed? Description and restrictions
GBATX12 Integer 8 Y The X location of the adaptive template pixel Ai2. 9
GBATY12 Integer 8 Y The Y location of the adaptive template pixel A2, 9
GBCOLS Array of colours (colour palette) An array containing the colours used in this generic region.?
GBCOMBOP Operator The combination operator for this generic region. Shall take on
the value REPLACE.?
COLEXTELAG Integer 1 AL A-parameterindicating whether the gene is
extended to represent coloured bitmap.
2 Unused if MMR = 1
b Unused if MMR =1 or GBRBTEMPLATE # 0
© Unused if USESKIP =0 or MMR = 1
9 Used only if MMR = 0 and GBTEMPLATE = 0 and EXTTEMPLATE =1
°) Used only if MMR = 0 and GBRTEMPLATE =0
H Unused if COLEXTFLAG = 0.
6.2.3 Return value
The vgriable whose value is the result of this decoding procedure is shown in Table\3?
Table 3 — Return value from the generic region,décoding procedure
Size . .. o
Name Type (bits) Signed? Description and restrictions
GBREG Bitmap The decoded region bitmap.
6.2.4 Variables used in decoding
The viriables used by this decoding procedure are shown in Table 4.
Table 4 — Variables used in the generic region decoding procedure
Size . .. o
Name Type (bits) Signed? Description and restrictions
LTP Integer 1 N Whether the current image line is coded explicitly.?)
1 N Whether the current line's LTP value differs from the previous line's L TP
SLTH Integer 2)
value.
CON[TEXT Integey 16 N The values of the pixels in the template.?
GBFGCOLID Integer 32 N The 4-byte integer indicating the colour palette ID of the foreground
colour for the generic region segment.”
3 Uhused if MMR=1
®  Uhused ifFCOLEXTFLAG = 0.
6.2.5 —Decoding using @ template amd arithmetic coding
6.2.5.1 General description

If MMR is 0 the generic region decoding procedure is based on arithmetic coding with a template to determine the
coding state. The remainder of 6.2.5 describes this form of decoding, and only applies when MMR s 0.

6.2.5.2 Coding order and edge conventions

The coding algorithm iterates through the bitmap in raster scan order, that is, by rows from top to bottom, and within
each row from left to right. The processing for a current target pixel will reference some pixels in fixed spatial
relationship to the target pixel.

©
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Near the edges of the bitmap, these neighbour references might not lie in the actual bitmap. The rule to satisfy out-of-
bounds references shall be:

*  All pixels lying outside the bounds of the actual bitmap have the value 0.

6.2.5.3 Fixed templates

A template defines a neighbourhood around a pixel to be coded. The values of the pixels in this neighbourhood define a
context. Each context has its own adaptive probability estimate used by the arithmetic coder (see Annex E). Although a
template is a geometric pattern of pixels, the pixels in a template are said to take on values when the template is aligned
with a particular part of the image.

Al X X X | A

Al X | X | x| x| x|A

x| x|x|[x|O

T.88(18)_F03a

Figure 3(a) — Template when GBTEMPLATE = 0 and EXTTEMPLATE =0,
showing the AT pixels at their nominal locations

A 11 Axi Al AS AQ

Ap | A X | X | X | A | Ag

Aﬁ A? AI X O

T.88(18)_F03b

Figure 3(b) — Template when GBTEMPLATE = 0 and EXTTEMPLATE =1,
showing the AT pixels at their nominal locations

XXI'X | X | X

XX x| x| x|A

xXpx | x O

T.88(18)_F04

Figure 4 — Template when GBTEMPLATE =1
showing the AT pixels at its nominal location

X X1 X

x| x| x| x| A

x| x O

T.88(18)_F05

Figure S — Template when GBTEMPLATE =2
showing the AT pixels at its nominal location

X | X[ X]|X]|X|4A

x|x|x|x]|O

T.88(18)_F06

Figure 6 — Template when GBTEMPLATE =3
showing the AT pixels at its nominal location
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NOTE 1 — A rule of thumb is to use large templates for large bitmaps. Thus a full-size periodic halftone should be coded with the
16-pixel template and tiny bitmaps such as usual symbol bitmaps should be coded with one of the 10-pixel templates. In some
cases an intermediate template is desired, for performance or decoder memory requirements; in this case the 13-pixel template
should be used. It is also possible to generate further templates by placing one or more of the AT pixels on top of a regular

temy

plate pixel, thus fixing its value.

NOTE 2 — The 10-pixel templates are those used in Rec. ITU-T T.82 | ISO/IEC 11544 (JBIG). Software execution speed is
somewhat higher with the two-line template than any of the three-line templates. For most images the 10-pixel, three-line

template gives higher compression than the 10-pixel, two-line template.

6.2.5.4 Adaptive template pixels

In coding the image, the template shall be allowed to change in the restricted way described in this clause.

The pixels that are allowed to change are called AT pixels. Their nominal locations are indicated by 'A;', 'Ay, 'A3', 'A4',
'As', 'Ad', 'A7, 'Asg', 'Ad', 'Alo', 'Arr', and 'A1,' in Figures 3(a), 3(b), 4, 5 and 6. Note that some templates have fewer than

four AT pixels. In general, an AT pixel can be located anywhere in the field shown in Figure 7, not includi
currentt pixel. Hence, there is the possibility of using an effective template size of 15, 14, 13, 12, 11, 10, 9, 8\7,4
4 pixels by having the moved location of the AT pixel overlap a regular template pixel. The actual locations’of t|
pixels|for any invocation of this decoding procedure are specified as parameters to the decoding procedure. The 19
of the pixel A is given by (GBATX{, GBATY/). If GBTEMPLATE is 0 then:

Additionally, if GBTEMPLATE is 0 and EXTTEMPLATE is 1, then:

N(
N(

p
N(

=

improve compression performance= Some profiles may restrict AT pixel locations to only these nominal locations.

N(
it

However, when TPGD is.enabled (TPGDON = 1), the context used to code the SLTP value is used, regardless of whet
pixels overlap regular-t€mplate pixels. This means that contexts where the AT pixel's value differs from the regular ta
pixel's value can stillyoceur, but only for SLTP when TPGD is enabled.

Kel from its nominal location shown inFigure 3(a), it is advisable to move A4. The next pixel to move is A3 and so on.

» the location of the pixel A, is given by (GBATX;, GBATY));
+  the location of the pixel Aj is given by (GBATXj3, GBATY3);
»  and the location of the pixel A4 is given by (GBATXy, GBATYY).

+  the location of the pixel As is given by (GBATXs, GBATY5);
» the location of the pixel A¢ is given by (GBATXs, GBATY4%);
»  the location of the pixel A7 is given by (GBATX7, GBATY?);
+  the location of the pixel Az is given by (GBATXs, GBATYs3);
+  the location of the pixel Ao is given by (GBATXY, GBATY)Y);
» the location of the pixel Ajg is given by (GBATX1, GBATY10);
» the location of the pixel Ai is given by (GBATX11, GBATYn);

» the location of the pixel A is given by (GBATX12, GBATY12).
TE 1 — Some profiles may restrict AT pixel.Joeations to a smaller range than that shown in Figure 7.
TE 2 — The indices of the AT pixels in Eighres 3(a) and 3(b) correspond to the expected goodness. If moving only

TE 3 — The nominal locations of the"AT pixels are as shown in Table 5. These locations should be used unless other lo|

TE 4 — If an AT pixel's location overlaps any regular template pixel's location, then the AT pixel's value can be ignore(
uplicates another value): This can reduce the memory requirements of the decoder, since not all CX values can
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Figure 7 — Field to which AT pixel locations are restricted
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Table 5 — The nominal values of the AT pixel locations

GBTEMPLATE 0 3
EXTTEMPLATE 1 0 0 0 0
GBATXj GBATY: -2 0 3 -1 3 -1 2 -1 2 -1
GBATX: GBATY: 0 -2 -3 -1 NA NA NA NA NA NA
GBATX3 GBATY: -2 -1 2 -2 NA NA NA NA NA NA
GBATXq4 GBATYq4 -1 -2 -2 -2 NA NA NA NA NA NA
GBATXs GBATYs 1 -2 NA NA NA NA NA NA NA NA
GBATXes GBATYs 2 -1 NA NA NA NA NA NA NA NA
GBATX7 GBATY~ -3 0 NA NA NA NA NA NA NA NA
GBATXs GBATYs —4 0 NA NA NA NA NA NA NA NA
GBATXoy GBATY» 2 -2 NA NA NA NA NA NA NA NA
GBATX10 GBATYwo 3 -1 NA NA NA NA NA NA NA NA
GBATX11 GBATYu -2 -2 NA NA NA NA NA NA NA NA
GBATX12 GBATY12 -3 -1 NA NA NA NA NA NA NA NA
NOTE — NA means that the parameter has no nominal value.
6.2.5.5 Typical prediction for generic direct coding (TPGD)
Typicgl prediction for generic direct coding can be enabled or disabled withithe TPGDON parameter. If {ypical
prediction for generic direct coding is enabled (TPGDON is 1), then befor€, the first pixel of each row is decdded, a
value |ndicating that a row is typical shall be decoded. If the row is typicakthen each pixel of this row is identicallto the
corresponding pixel in the row immediately above, and so no other pixels of this row need to be decoded. If the fow is
not typical, then each pixel of this row needs to be decoded.
NQTE — The value decoded before the first pixel of each row is not used'in any pixel's template.
6.2.5.¢ Skipped pixels
If the|parameter USESKIP is 1, then the parameter SKIP contains a GBW-by-GBH bitmap. Each pixel in|SKIP
corresponds to a pixel in the bitmap being decoded; if.the pixel in SKIP is 1 then the corresponding pixel in the Bitmap
being decoded is 0 and is not actually decoded.
6.2.5.7 Decoding the bitmap
The d¢coding of the bitmap proceeds as_follows:
1) Set:
LTP =0
2) Create a bifmap GBREG of width GBW and height GBH pixels.
3) Decode each row as follows:
a)~ \fall GBH rows have been decoded then the decoding is complete; proceed to step 4).
b)" If TPGDON is 1, then decode a bit using the arithmetic entropy coder, where the context used to

decode this bit varies depending on the template in use:
*  If GBTEMPLATE is 0, use the context shown in Figure 8.

18

« If GBTEMPLATE is 1, use the context shown in Figure 9.
* If GBTEMPLATE is 2, use the context shown in Figure 10.
* If GBTEMPLATE is 3, use the context shown in Figure 11.
Let SLTP be the value of this bit. Set:

LTP = LTP XOR SLTP

NOTE - In Figures 8 to 11, the template is shown with the AT pixel or pixels in their nominal locations. The
same pixel values (0 or 1) shall be used for the AT pixels no matter what their actual locations are. That is,

moving the AT pixels does not affect the context that is used to decode SLTP.
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¢) IfLTP =1 then set every pixel of the current row of GBREG equal to the corresponding pixel of the
row immediately above.

d) IfLTP = 0 then, from left to right, decode each pixel of the current row of GBREG. The procedure
for each pixel is as follows:
i) If USESKIP is 1 and the pixel in the bitmap SKIP at the location corresponding to the current
pixel is 1, then set the current pixel to 0.
ii) Otherwise:
* Place the template given by parameters GBTEMPLATE, GBATX; through GBATXj, and
GBATY; through GBATY{; so that the current pixel is aligned with the location denoted by a

Horm-an—intes gatheringthevalues—of the—image pixels—overlaid by thetemplate
(including AT pixels) at its current location. The order of this gathering is not standardized{byt shall
be consistent and independent of the location of the AT pixels.

*  Decode the current pixel by invoking the arithmetic entropy decoding procedure, with, €X sef{to the
value formed by concatenating the label "GB" and the 10-16 pixel values gathetéd“in CONTEXT.
The result of this invocation is the value of the current pixel.

EXAMPLE - If GBTEMPLATE is 2, the image pixels overlaid by the template are as shown in
Figure 10, and the pixels are gathered in reading order (in rows from top to/bottom, and within eagh row
from left to right), then CX is set to "GB0011100101".

4) After all the rows have been decoded, the current contents of the bitmap,GBREG are the results thqt shall
be obtained by every decoder, whether it performs this exact sequence-of steps or not.

1 0 0 1 1

0 1 1 0 0 1 0

of1fo] 1|

T.88(18)_F08

Figure 8 — Reused context for coding the SLTP value
when‘GBTEMPLATE is 0

0 0 1 1

1 1 0 0 1 0

1o 1 |O

T.88(18)_F09

Figure 9 — Reused context for coding the SLTP value
when GBTEMPLATE is 1

0 0 1

1 1 0 0 1

o1 O

T.88(18)_F10

Figure 10 — Reused context for coding the SLTP value
when GBTEMPLATE is 2
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Figure 11 — Reused context for coding the SLTP value
when GBTEMPLATE is 3

6.2.6 Decoding using MMR coding

If MMR is 1, the generic region decoding procedure is identical to an MMR (Modified Modified READ) decoder
described in Recommendation ITU-T T.6, with the following exceptions:

*  An invocation of the generic region decoding procedure with MMR equal to 1 shall consume afiiftegral
number of bytes, beginning and ending on a byte boundary. This may involve skipping overcsome pits in
the last byte read.

*  The decoder in Recommendation ITU-T T.6 is specified as producing pixels whose value may be|either
"black" or "white". For the purposes of this Recommendation | International Standards‘the result of using
the MMR decoder shall be interpreted as follows:

—  Pixels decoded by the MMR decoder having the value "black" shall be treated as having the value 1.
—  Pixels decoded by the MMR decoder having the value "white" shall-bg treated as having the value 0.

«  Ifthe number of bytes contained in the encoded bitmap is known in advance, then it is permissible for the
data stream not to contain an EOFB (000000000001000000000001) at the end of the MMR-erjcoded
data. The cases where the number of bytes is known are when this-decoding procedure is invoked:

—  from within the pattern dictionary decoding procedure;
—  from within the symbol dictionary decoding procedure; or
—  as part of decoding a generic region whose data Tenigth is known.

Tlhe number of bytes is not known when this decoding.procedure is invoked from within the gray-scale [image
decoding procedure, or when it is invoked as part of a_decoding generic region whose data length is not known. In
these cases, EOFB must be present.

NQTE 1 — The sources of the byte count, in the cases wher¢ it is known, are:
- Within the pattern dictionary decoding procedure, the byte count is known because all the segment data, beyond thq fixed-

length data header, is a single MMR-encoded data block, so the MMR data length can be computed from the segmdnt data
length.

- Within the symbol dictionary decoding procedure, the byte count is known from BMSIZE.
— | Within the generic region decoding:procedure, the byte count is again known from the segment data length.

The reason for allowing EQFB_to be optional is that an EOFB is three bytes long, while the byte count is often known
beforehand, or can be encoded in fewer than three bytes. Thus, omitting an EOFB reduces the bitmap's coded data pize; in
symbol dictionaries, where)there are often many small bitmaps encoded separately, this savings can be significant.

NQTE 2 — A decoder can‘take a number of approaches to deal with EOFB in the cases where it is optional. These appfoaches
take advantage of the known byte count and the fact that the EOFB, if present, is counted in this byte count. Two possible
approaches are;

- Invoke the(MMR decoding procedure, and always check for EOFB after the bitmap has been decoded. However, allow the
MMR décoding procedure to examine no more bytes than are known to be part of the MMR -compressed data block| If the
MMR:decoding procedure runs out of data while checking for EOFB, this is not an error, but a normal condition indicating
that\EOFB was not present.

where

- Invoke the MMR decoding procedure, and never check for EOFB after the bitmap has been decoded, in the case
EOEB-is-opten he MMR - decodinuprocedureconsmnestener butes thanare knowntopartofthe H

data block, this is not an error, but a normal condition indicating that EOFB was present.

bytes.
*  The extension codes of T.6, including uncompressed mode, must not be present in the MMR-encoded
data.

NOTE 3 — MMR provides less compression than image bitmap compression based on arithmetic coding. Image bitmap decoding
using MMR s faster than image bitmap decoding based on arithmetic coding.

6.2.7 Colour extension of generic region segment

If COLEXTFLAG is 1, after the decoding procedure described in 6.2.5 or 6.2.6, read GBFGCOLID which is a 4-byte
integer indicating the colour palette ID, and set the colour specified by GBCOLS[GBFGCOLID] to the segment's

foreground colour.
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The background colour of the segment of which COLEXTFLAG is 1 is regarded as transparent.

NOTE — GBFGCOLID (the foreground colour information) has a fixed 4-byte field and is put at the end of the region segment
only when COLEXTFLAG is 1. The decoder can find the address of GBFGCOLID by subtracting 4 from the segment data
length recorded in the segment header.

6.3 Generic Refinement Region Decoding Procedure

6.3.1 General description

This decoding procedure is used to decode a rectangular array of 0 or 1 values, which are coded one pixel at a time.
There is a reference bitmap known to the decoding procedure, and this is used as part of the decoding process. The
reference bitmap is intended to resemble the bitmap being decoded, and this similarity is used to increase compression.
Each pixel is decoded using a context comprising pixels drawn from the reference bitmap as well as previously-decoded
pixels[from the bitmap being decoded.

6.3.2 Input parameters

The pgrameters to this decoding procedure are shown in Table 6.

Table 6 — Parameters for the generic refinement region decoding procedure

Name Type (f)ii::) Signed? Description and festrictions
GRW Integer 32 N The width of the region.
GRH Integer 32 N The height of the region.
GRTEMPLATE Integer 1 N The template identifier.
GRREFERENCE Bitmap The reference bitrhap.
G FERENCEDX Integer 32 Y The X offset of the reference bitmap with respect to the bitfnap
RRF being déceded.
GRREFERENCEDY Integer 32 Y The~Y-offset of the reference bitmap with respect to the bitap
being decoded.
TPGRON Integer 1 N Whether typical prediction for generic refinement is used.
GRA[TX; Integer 8 Y The X location of the adaptive template pixel RA;.2)
GRATY, Integer 8 Y The Y location of the adaptive template pixel RA.2)
GRATX, Integer 8 Y The X location of the adaptive template pixel RA,.2)
GRA[TY, Integer 8 Y The Y location of the adaptive template pixel RA,.2)
3 Unused if GRTEMPLATE = 0.

6.3.3 Return value

The vgriable whose value is the-result of this decoding procedure is shown in Table 7.

Table.7 — Return value from the generic refinement region decoding procedure

Size
(bits)

gRREG Bitmap The decoded region bitmap.

Name Type Signed? Description and restrictions

6.3.4 Variables used in decoding

The variables used by this decoding procedure are shown in Table 8.
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Table 8 — Variables used in the generic refinement region decoding procedure

Name Type (f)iif:) Signed? Description and restrictions

CONTEXT Integer 13 N The values of the pixels in the template.

LTP Integer 1 N Whether the current image line is decoded explicitly.?)

SLTP Integer 1 N Whether the current line's LTP value is different from the
previous line's LTP value.?)

TPGRPIX Integer 1 N Whether the current pixel is to be decoded implicitly using a
TPGR prediction.?)

TPGRVAL Integer 1 N Value of the TPGR-predicted current pixel.?)

9 Unused if TPGRON = 0.

6.3.5 Decoding using a template and arithmetic coding

6.3.5.1 General description

The generic refinement region decoding procedure is based on arithmetic coding with a template-to determihe the
coding state. The remainder of 6.3.5 describes this form of decoding.

6.3.5.2 Coding order and edge conventions

The cpding algorithm iterates through the refined bitmap being decoded, along with & teference bitmap, in rastdr scan
order.|That is, it iterates by rows from top to bottom, and within each row from left.tetight. The processing for a qurrent
target [pixel will reference some pixels in fixed spatial relationship to the target ‘pixel. Some of these pixels are |[drawn
from the reference version of the bitmap, and some of these pixels are drawn-from the already-coded pixels |of the
refinegl bitmap.

Near the edges of the bitmap, these neighbour references might not lig it the actual bitmap. The rule to satisfy ¢ut-of-
boundp references shall be:

+  All pixels lying outside the bounds of the actual bitmiap or the reference bitmap have the value 0.

6.3.5.3 Fixed templates and adaptive templates

A template defines a neighbourhood around a pixel to be.coded. The values of the pixels in this neighbourhood d¢fine a
context. Each context has its own adaptive probabilifyestimate used by the arithmetic coder (see Annex E). Alth¢ugh a
templgte is a geometric pattern of pixels, the pixels-in a template are said to take on values when the template is alligned
with a|particular part of the image.

RAM X X RA,| X X
x |O x |®] x
X X X

T.88(18)_F12

Figure 12 — 13-pixel refinement template showing
the AT pixels at their nominal locations

Figure howsthetemplatewhichshall beusedwhen GRIEMPLATE (5 0 Fioure 13 shows the templatewdhich shall
be used when GRTEMPLATE is 1. In each of these figures, the left-hand group indicates the pixels from the already-
coded pixels of the refined bitmap that are in the template, and the right-hand group indicates the pixels from the
reference version of the template that are in the template. Each group in each figure includes a pixel denoted by a circle;

these pixels all correspond to the pixel to be coded. The pixels marked with an X' correspond to ordinary pixels in the
template. The pixels denoted RA1-RA2 are special pixels in the template. They are denoted "adaptive" or AT pixels.
These pixels are special in that their locations are allowed to change during the process of encoding the image.
See 6.3.5.4 for a description of AT pixels. The legends RA1-RA2 indicate the nominal locations of AT pixels 1 to 2.

The AT pixel RA1 can be located anywhere in the field shown in Figure 7, not including the current pixel. The AT pixel
RA2 can be located anywhere in the range (—128, —128) to (127, 127) in the reference bitmap.
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The pixels in the left hand group of each template shall be aligned with the already-decoded pixels of the bitmap being
decoded, with the pixel denoted by a circle lying on the pixel to be decoded. Let (X, Y) be the location of this pixel. The
pixels of the right hand group of each template shall be aligned with the reference bitmap GRREFERENCE, with the
pixel denoted by a circle placed at the location (X — GRREFERENCEDX, Y — GRREFERENCEDY). The values of
the pixels in the template shall be combined to form a context. Each pixel in the template (including the adaptive pixels)
shall correspond to a specific bit in the context, although the pixels in the template may be assigned to bits in the
context in any order. Because there are up to 13 pixels in the template, contexts can take on up to 8192 different values.
This context shall be used to identify which adaptive probability estimate shall be used by the arithmetic coder for
encoding the pixel to be coded (see Annex E).
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Figure 13 — 10-pixel refinement template

Adaptive template pixels
ing the image, the template shall be allowed to change in the restricted way described in this clause.

xels that are allowed to change shall be called AT pixels. Their nominal 10Cations are indicated by 'RA
n Figure 12. Note that only one template has AT pixels.

Typical prediction for generic refinement (TPGR)

1l prediction for generic refinement can be enabled or disabled with'the TPGRON parameter. If typical pre
heric refinement is enabled (TPGRON is 1) then before the first pixel of each row is decoded, a value indj
br a row is typical shall be decoded. If the row is not typicalyeach pixel of the row needs to be explicitly de
row is typical, all typically-predictable pixels can be ‘implicitly decoded using their predicted value, w
ider of the pixels still being explicitly decoded. For.apixel to be typically-predictable it must meet the g
d in 6.3.5.6, step 3d).

TE — The value decoded before the first pixel of each,row is not used in any pixel's template.

Decoding the refinement bitmap

bcoding of the bitmap proceeds as followss:
1) SetLTP=0.
2) Create a bitmap GRREG of width GRW and height GRH pixels.
3) Decode each rowas follows:
a) Ifall GRBrows have been decoded, then the decoding is complete; proceed to step 4).

b) If TPGRON is 1, then decode a bit using the arithmetic entropy coder, where the context u
decode this bit varies depending on the template in use:

* If GRTEMPLATE is 0, use the context shown in Figure 14.
* If GRTEMPLATE is 1, use the context shown in Figure 15.
Let SLTP be the value of this decoded bit. Set:

1" and

iction
cating
boded.
th the
riteria

sed to

©

LTP = LTP XOR SLTP

c¢) IfLTP = 0 then, from left to right, explicitly decode all pixels of the current row of GRREG. The

procedure for each pixel is as follows:

i) Place the template given by parameters GRTEMPLATE (and GRATX;, GRATYj},
GRATX,; and GRATY; if GRTEMPLATE is 0) so that the current pixel is aligned with the
location denoted by a circle in the figure describing the appearance of the template with

identifier GRTEMPLATE.

i) Form an integer CONTEXT by gathering the values of the image pixels overlaid by the

template (including AT pixels) at its current location. The order of this gathering
standardized, but must be consistent and independent of the location of the AT pixels.
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iii) Decode the current pixel by invoking the arithmetic entropy decoding procedure, with CX set
to the value formed by concatenating the label "GR" and the 10-13 pixel values gathered in
CONTEXT. The result of this invocation is the value of the current pixel.

EXAMPLE — If GRTEMPLATE is 1, the image pixels overlaid by the template are as shown
in Figure 15, and the pixels are gathered in reading order (in rows from top to bottom, and
within each row from left to right, with the pixels in GRREG considered before the pixels in
GRREFERENCE), then CX is set to "GR0000001000".

d) IfLTP =1 then, from left to right, implicitly decode certain pixels of the current row of GRREG,
and explicitly decode the rest. The procedure for each pixel is as follows:

i)  Set TPGRPIX equal to 1 if:
+ TPGRON is 1 AND;

* a 3 x 3 pixel array in the reference bitmap (Figure 16), centred at thecldcation
corresponding to the current pixel, contains pixels all of the same value.

When TPGRPIX is set to 1, set TPGRVAL equal to the current pixel predicted ¥alue, which is
the common value of the nine adjacent pixels in the 3 x 3 array.

ii) If TPGRPIX is 1 then implicitly decode the current pixel by setting it lequal to its prddicted
value (TPGRVAL).

iii) Otherwise, explicitly decode the current pixel using the methodglogy of steps 3 ¢) 1) through

3 ¢) iii) above.

After all the rows have been decoded, the current contents of the bitmap GRREG are the results that shall be
obtained by every decoder, whether it performs this exact sequence of stgps.of not.

0 0 0 0 0 0
v O O]
0 0 0

T.88(18)_F14

Figure 14 — Reused context for coding the SLTP value
wheniGRTEMPLATE is 0

0 0 0 0

0[O o [@] 0
0 0
T.88(18)_F15

Figure 15 — Reused context for coding the SLTP
value when GRTEMPLATE is 1

X X X
O x [0 x
X1 XX

T.88(18)_F16

Figure 16 — TPGR template
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6.4 Text Region Decoding Procedure

6.4.1 General description

This decoding procedure is used to decode a bitmap by decoding a number of symbol instances. A symbol instance
contains a location and a symbol ID, and possibly a refinement bitmap. These symbol instances are combined to form
the decoded bitmap.

NOTE — This decoding procedure will normally be used to decode the text part of a page. The symbols are normally single text
characters from some font or alphabet.

6.4.2 Input parameters

The parameters to this decoding procedure are shown in Table 9.

NOTE — The values of some of these parameters in a typical situation. where a bitmap containing text characters in standard
Enplish reading order is being decoded, and 1 is the foreground pixel value, are:
. SBDEFPIXEL is 0
. SBCOMBQOP is OR
. TRANSPOSED is 0
+  REFCORNER is BOTTOMLEFT
Table 9 — Parameters for the text region decoding procedure
Size . . ( i
Name Type (bits) Signed? Descpiption and restrictions
SBHUFF Integer 1 N Whether Huffman coding is used.
SBREFINE Integer 1 N Whether refinement.eoding is used.
SBW Integer 32 N The width of the region.
SBH Integer 32 N The height‘efithe region.
SBNUMINSTANCES | Integer 32 N The number of symbol instances in this region.
SBSTRIPS Integer 4 N The 8ize of the symbol instance strips. May take on the values 1, 2, 4 or 8.
SBNUMSYMS Integer 32 N The number of symbols that may be used in this region.
An array containing the codes for the symbols used in this region.
SBSYMCODES Array of Huffman codes Contains SBNUMSYMS codes.?
SBSYMCODELEN Integer | 6 I N The length of the symbol codes used in IAID.9
An array containing the symbols used in this text region. Contains
SBSYMS Array of symbols SBNUMSYMS symbols,
SBDEFPIXEL Integer [ | N The default pixel for this bitmap.
The combination operator for this text region. May take on the valuep OR,
SBCPMBOP Operator AND, XOR, XNOR and REPLACE.®
TRANSPOSED Integer | 1 | N Whether the strips run vertically.

5 The reference corner of each symbol instance bitmap. May take on the
REFLORNER Corner values TOPLEFT, TOPRIGHT, BOTTOMLEFT and BOTTOMRIGHT.
SBDSOFFSET Integer | 5 | Y An offset for all the delta S values.

SBHUFfFES Huffman table The Huffman table_usae)d to decode the S coordinate of the first symb¢l
instance in each strip.
SBHUFFFDS Huffiman table The Huffman table gse;i)to decode the S coordinate of subsequent symbol
instances in each strip.
SBHUFFDT Huffiman table ghe Huffman table used toa)decode the difference in T coordinates
etween non-empty strips.
The Huffman table used to decode the difference between a symbol's
SBHUFFRDW Huffiman table width and the width of a refinement coded bitmap.?
The Huffman table used to decode the difference between a symbol's
SBHUFFRDH Huffiman table height and the height of a refinement coded bitmap.?
The Huffman table used to decode the difference between a symbol
SBHUFFRDX Huffman table instanceb;)s X coordinate and the X coordinate of a refinement coded
bitmap.

© ISO/IEC 2019 - All rights reserved
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Table 9 — Parameters for the text region decoding procedure

Name Type (f)lif:) Signed? Description and restrictions
The Huffman table used to decode the difference between a symbol
SBHUFFRDY Huffman table instance's Y coordinate and the Y coordinate of a refinement coded
bitmap.b)
SBHUFFRSIZE Huffman table The Huffmaq table usedbgo decode the size of a symbol instance's
refinement bitmap data.
SBRTEMPLATE Integer 1 N Template identifier for refinement coding of symbol instance bitmaps.©)
SBRATX, Integer 8 Y The X location of the adaptive template pixel RA.¢)
SBRATY, Integer 8 Y The Y location of the adaptive template pixel RA .9
SBRATX, Integer 8 Y The X location of the adaptive template pixel RA,.9)
SBRATY, Integer 8 Y The Y location of the adaptive template pixel RA,.©)
COLEXTFLAG Integer 1 N A parameter indicating whether the generic region segment is extended to
represent coloured bitmap.
SBCOLS Array of colours An array containing the colours used in this text region.?
3 Unused if SBHUFF = 0.
Unused if SBHUFF = 0 or SBREFINE = 0.
©  Unused if SBREFINE = 0.
9 Pnused if SBHUFF = 1.
©  REPLACE operator is used if and only if COLEXTFLAG = 1.
D Pnused if COLEXTFLAG = 0.
6.4.3 Return value
The vgriable whose value is the result of this decoding procedure is shown in Table 10.
Table 10 — Return value from thetext region decoding procedure
Size . N .
Name Type (bits) Signed? Description and restrictions
SBREG Bitmap The decoded region bitmap.
6.4.4 Variables used in decoding
The vgriables used by this decoding proeedure are shown in Table 11.
Tabled1 — Variables used in the text region decoding procedure
Size . .. o
Name Type (bits) Signed? Description and restrictions
STRIPT Integer 32 Y The numerically smallest T coordinate in the current strip.
FIRS[TS Integer 32 Y The first S coordinate of the current strip.
NINYTANCES Integer 32 N A symbol instance counter.
DT Integer 32 Y The number of empty strips between two non-empty strips.
DFS Integer 32 Y The difference in S coordinates between the first symbol
instances of two strips.
CURS Integer 32 Y The current S coordinate.
CURT Integer 3 N The current symbol instance's T coordinate relative to the
current strip.
Sy Integer 32 Y A symbol instance's S coordinate.
T; Integer 32 Y A symbol instance's T coordinate.
1D, Integer 32 N A symbol instance's symbol ID.
1B, Bitmap A symbol instance's symbol bitmap.
W, Integer 32 N The width of a symbol instance's symbol bitmap.
H; Integer 32 N The height of a symbol instance's symbol bitmap.
26 Rec. ITU-T T.88 (08/2018)
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Table 11 — Variables used in the text region decoding procedure

Name Type (iii:;:) Signed? Description and restrictions
IDS Integer 32 Y The difference in S coordinates between two symbol instances
within a strip.
R, Integer 1 N Whether a symbol instance's symbol bitmap is coded using
refinement.
RDW; Integer 32 Y The delta width of a symbol instance's refinement bitmap.?)
RDH; Integer 32 Y The delta height of a symbol instance's refinement bitmap.?
RDX, Integer 32 Y The-deltaX-ofa-synbelinstance'srefinement-bitmap-al—
RDYY Integer 32 Y The delta Y of a symbol instance's refinement bitmap.?)
1BO; Bitmap A symbol instance's original symbol bitmap.?)
wo, Integer 32 N The width of IBO..?)
HO, Integer 32 N The height of IBO..?)
SBCPLSECTSIZE Integer 32 N The colour section length.?
SBFGCOLID Integer 32 N An array of colour palette ID, indicating the colour of each
symbol instance.”
¥ Uhused if SBREFINE = 0.
Y Uhused if COLEXTFLAG = 0.
6.4.5 Decoding the text region
A symbol-coded bitmap is represented by a set of symbol instances’Each symbol instance encodes a locafion, a
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the biffmap, and the T axis corresponds to the X axis of the bitmap.
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1 ID, and possibly refinement information. The location of each.symbol instance comprises an S coordinatd
dinate. If TRANSPOSED is 0, then the S coordinate axis corresponds to the X axis of the bitmap, and the
ponds to the Y axis of the bitmap. If TRANSPOSED is d;then the S coordinate axis corresponds to the Y

TE 1 — Transposing the coordinate axes allows efficient’coding of text running vertically. The reference corner is
ause the most efficient coding is usually obtained when ‘the reference corner of each symbol instance lies on a text b
the text baselines may run in any direction.

er to improve compression, symbol instances are grouped into strips according to their 77 values. This i
ing to the value of SBSTRIPS. Symbolinstances having 7} values between 0 and SBSTRIPS — 1 are gt

| each strip, the symbol instance$iare coded in the order of increasing S coordinate.

TE 2 — Normally the strips occurin the order of strictly increasing T coordinates, and the symbol instances within eas
ur in the order of nondecreasing’S coordinates. However, it is possible for negative delta S or delta T values to occur
decoding, meaning that the.sttips and symbol instances might occur in any order.

berall structure of theydata to be decoded in order to reconstruct the text region is shown in Figure 17. The

h strip is as shown in Figure 19. When SBREFINE is 0, the format of each symbol instance is as shd
20. When SBREFINE is 1, the format of each symbol instance is as shown in Figure 21.

TE 3 — There)may be some symbol instances whose reference corner lies off the top of the region. If these are to be
re must be-some way to have a strip that also lies above the top of the region. The initial value of STRIPT is the coo
h respeet to which the first strip is located.
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Initial STRIPT value
First strip

Second strip

Last strip

Figure 17 — Coded structure of a text region
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Initial STRIPT values
First strip

Second strip

Last strip

Colour section

Figure 18 — Coded structure of a text region extended for colour text

Delta T

First symbol instance

N(
the
seq
the]
col

N(
The rd

tion length. The colour palette IDs, which is encoded in the data structure based on Recommendation ITU-T T.45, ¢

Second symbol instance

Last symbol instance
OOB

Figure 19 — Structure of a strip

Symbol instance S coordinate

Symbol instance T coordinate

Symbol instance symbol ID

Figure 20 — Structure of a symbol instance when’ SBREFINE is 0

Symbol instance S coordinate

Symbol instance Fcoordinate

Symbol instance symbol ID

Symbol instancétéfinement information

Figure 21 — Structure of a-symbol instance when SBREFINE is 1

Colour palette IDs

Colour section length

Figure 22 — Coded structure of colour section

TE 4 — If COLEXTFLAG is 1 then a colour section, which specifies the colours of all symbol instances, is put at the]
region as shown in Figure 18. The colour section consists of two parts as shown in Figure 22: colour palette IDs and|

h

information thatéspecifies the colour of every symbol instances in the segment. The colour section length is a 4-byte fi
tains the length of the colour section, in bytes.
TE 5 — Tha,background colour of the segment of which COLEXTFLAG is 1 is regarded as transparent.

sult’ef'decoding a text region shall be the bitmap that is produced by the following steps:

BVA_an 3 h-the BDEEP

28

value to the variable STRIPT. Assign the value 0 to FIRSTS. Assign the value 0 to NINSTANCES.
3) If COLEXTFLAG is 1, decode the colour section as described in 6.4.12.

4) Decode each strip as follows:

end of

colour

bntains

1d that

2) Decode the initial STRIPT value as described in 6.4.6. Negate the decoded value and assign this negated

a) IfNINSTANCES is equal to SBNUMINSTANCES then there are no more strips to decode, and the

process of decoding the text region is complete; proceed to step 4).
b) Decode the strip's delta T value as described in 6.4.6. Let DT be the decoded value. Set:

STRIPT = STRIPT + DT
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¢) Decode each symbol instance in the strip as follows:

i)  If the current symbol instance is the first symbol instance in the strip, then decode the first
symbol instance's S coordinate as described in 6.4.7. Let DFS be the decoded value. Set:

FIRSTS = FIRSTS + DFS
CURS = FIRSTS

ii) Otherwise, if the current symbol instance is not the first symbol instance in the strip, decode
the symbol instance's S coordinate as described in 6.4.8. If the result of this decoding is OOB
then the last symbol instance of the strip has been decoded; proceed to step 3 d). Otherwise, let
IDS be the decoded value. Set:

CORS =CUORS T1IDS T+ SBDSOFFSET

NOTE 6 — The intended use of SBDSOFFSET is to make the most common value decoded in.6.4)8 zefo. The
shortest code in all of the default tables used in 6.4.8 is for the value zero.

iii) Decode the symbol instance's T coordinate as described in 6.4.9. Let CURT 'be the d4coded
value. Set:

Tr = STRIPT + CURT

iv) Decode the symbol instance's symbol ID as described in 6.4-10..Let ID; be the decoded vhlue.

v) Determine the symbol instance's bitmap /B; as described‘in 6.4.11. The width and height of this
bitmap shall be denoted as W and Hj respectively.

vi) Update CURS as follows:
* If TRANSPOSED is 0, and REFCORNER is TOPRIGHT or BOTTOMRIGHT, set

CURS = CURS W7 — 1

+ If TRANSPOSED is 1, and REFCORNER is BOTTOMLEFT or BOTTOMRIGHT] set:

CURS, 5 CURS + Hy - 1

* Otherwise, do notchange CURS in this step.
vii) Set:

S; = CURS

viii) Determine the location of the symbol instance bitmap with respect to SBREG as follows:
v . i TRANSPOSED is 0, then:

- If REFCORNER is TOPLEFT then the top left pixel of the symbol instance pitmap
1B shall be placed at SBREG[.S;, T7].

- If REFCORNER is TOPRIGHT then the top right pixel of the symbol instance
bitmap /B; shall be placed at SBREGI[S,, 77].

- If REFCORNER is BOTTOMLEFT then the bottom left pixel of the symbol
instance bitmap /B shall be placed at SBREG[ST, 171

- If REFCORNER is BOTTOMRIGHT then the bottom right pixel of the symbol
instance bitmap /B; shall be placed at SBREGI[S;, 77].

+ If TRANSPOSED is 1, then:

- If REFCORNER is TOPLEFT then the top left pixel of the symbol instance bitmap
1B shall be placed at SBREG[ 77, S7].

- If REFCORNER is TOPRIGHT then the top right pixel of the symbol instance
bitmap IB; shall be placed at SBREG[ T}, S7].

- If REFCORNER is BOTTOMLEFT then the bottom left pixel of the symbol
instance bitmap /B; shall be placed at SBREG[ T}, S7].
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- If REFCORNER is BOTTOMRIGHT then the bottom right pixel of the s
instance bitmap /B; shall be placed at SBREG[ T}, S7].

If any part of /B;, when placed at this location, lies outside the bounds of SBREG, then
this part of /By in step 3 c) ix).

ix) If COLEXTFLAG is 1, set the colour specified by SBCOLS[SBFGCOLID[NINSTAN
to the foreground colour of the symbol instance bitmap /B;.

ymbol

ignore

CES]]

x) Draw IB;into SBREG. Combine each pixel of /B; with the current value of the corresponding
pixel in SBREG, using the combination operator specified by SBCOMBOP. Write the results

of each combination into that pixel in SBREG.
xi) Update CURS as follows:

I TRANSPOSED— RIERECAORAER A —TARLEREET RAOTFFEAN IR

N(
the]
an

NOTE
(CPEX

6.4.6

A} &I la nl "
I TINAINOST UOSLID IS U, dIIUNLITINCUNINDIND TULNLED T U DUT TUIVIL LD 1T, SUL.

CURS = CURS + W, — 1

+ If TRANSPOSED is 1, and REFCORNER is TOPLEFT or TOPRIGHT set:

CURS = CURS + Hy -1

* Otherwise, do not change CURS in this step.

TE 7 — The CURS update rules are designed to allow the gap between adjacent symbelinstances to be encoded, rathi
distance between their reference corners; this takes out one source of variation (the symbol instance bitmap width or |
allows better compression.

xii) Set:
NINSTANCES = NINSTANCES + 1

d) When the strip has been completely decoded, decode the next strip.

5) After all the strips have been decoded, the ctirent contents of SBREG are the results that sh
obtained by every decoder, whether it performs this exact sequence of steps or not.

8 — The colour palette (SBCOLS) is created by concatenating the default colour set (CPDEFCOLS) and the additional
COLS) defined in the colour palette segment referrechto by this segment.

Strip delta T

er than
eight),

all be

olours

If SBHUFF is 1, decode a value using the Huffman table specified by SBHUFFDT and multiply the resulting value by

SBSTRIPS.

If SBHUFF is 0, decode a value using/the IADT integer arithmetic decoding procedure (see Annex A) and multij

resulti

6.4.7

N(
sul

If SB

6.4.8

If SBIUFF is Ldecode a value using the Huffman table specified by SBHUFFFS.

g value by SBSTRIPS.
First symbol instani¢e S coordinate

TE — The symbolnstance S coordinate value for the first symbol instance of each strip is coded differently fr
sequent symbolinstances in each strip. This takes advantage of the beginnings of lines being aligned.

UFFiis'0, decode a value using the IAFS integer arithmetic decoding procedure (see Annex A).

ly the

m the

Subsequent symbol instance S coordinate

If SBHUFTF is 1, decode a value using the Huffman table specified by SBHUFFDS.

If SBHUFF is 0, decode a value using the IADS integer arithmetic decoding procedure (see Annex A).

In either case it is possible that the result of this decoding is the out-of-band value OOB.

6.4.9

Symbol instance T coordinate

If SBSTRIPS = 1, then the value decoded is always zero. Otherwise:

30

«  If SBHUFF is 1, decode a value by reading [ logoSBSTRIPS | bits directly from the bitstream.

+ If SBHUFF is 0, decode a value using the IAIT integer arithmetic decoding procedure (see Annex A).
NOTE - If SBSTRIPS = 1, then no bits are consumed, and the IAIT integer arithmetic decoding procedure is never invoked.
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6.4.10 Symbol instance symbol ID

If SBHUFF is 1, decode a value by reading one bit at a time until the resulting bit string is equal to one of the entries in
SBSYMCODES. The resulting value, which is /Dy, is the index of the entry in SBSYMCODES that is read.

If SBHUFF is 0, decode a value using the IAID integer arithmetic decoding procedure (see Annex A). Set /D; to the
resulting value.

6.4.11 Symbol instance bitmap

In some cases, the symbol instance bitmap /B; is simply the bitmap of the symbol identified by /D;. In other cases,
however, the symbol instance bitmap is that bitmap modified by additional refinement information. The bit indicating
which of the options is true for a symbol instance is called R;.

If SBIEFINE is 0, then set R;to 0.

If SBREFINE is 1, then decode R; as follows:

«  If SBHUFF is 1, then read one bit and set R; to the value of that bit.

+  If SBHUFTF is 0, then decode one bit using the IARI integer arithmetic decoding pro¢edure and sgt R; to
the value of that bit.

If R; 1§ 0 then set the symbol instance bitmap /B;to SBSYMS[/D/].

If R;i§ 1 then determine the symbol instance bitmap as follows:
1) Decode the symbol instance refinement delta width as described. in 6.4.11.1. Let RDW; be the| value
decoded.

2) Decode the symbol instance refinement delta height as déscribed in 6.4.11.2. Let RDH; be the| value
decoded.

3) Decode the symbol instance refinement X offset as desetibed in 6.4.11.3. Let RDX; be the value degoded.
4) Decode the symbol instance refinement Y offset\as.described in 6.4.11.4. Let RDY; be the value de¢oded.
5) If SBHUFF is 1, then:

a) Decode the symbol instance refinement bitmap data size as described in 6.4.11.5.
b) Skip over any bits remaining in the'last byte read.
6) Let IBO; be SBSYMS[IDy]. Let WO; be the width of /BO; and HO; be the height of /BO;. The symbol
instance bitmap /By is the resulf of applying the generic refinement region decoding procedure degcribed
in 6.3. Set the parametersito this decoding procedure as shown in Table 12.
7) If SBHUFF is 1, thén)skip over any bits remaining in the last byte read. The total number of| bytes

processed by the generic refinement bitmap decoding procedure must be equal to the value rpad in
step 5 a).

6.4.1111 Symbol instancerefinement delta width

This fjeld, and the follewing fields, indicate the size, location and contents of the refined symbol bitmap, as tHe size
might|not be the-samme as the size of the bitmap of the symbol whose ID is given in this symbol instance; algo, the
changg in the sizeof the bitmap might extend to the left and top, not just to the right and bottom, so we need to §upply
an offget as well as a size. Note that the offsets are given in terms of X and Y, not S and T.

If SB]]IUFF is 1, decode a value using the Huffman table specified by SBHUFFRDW.

If SBHUFF is 0, decode a value using the IARDW integer arithmetic decoding procedure (see Annex A).
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6.4.11

If SB

6.4.11

Table 12 — Parameters used to decode a symbol instance's bitmap using refinement

Name Value
GRW WO, + RDW,;
GRH HO; + RDH;
GRTEMPLATE SBRTEMPLATE
GRREFERENCE IBO;
GRREFERENCEDX LRDW /2] + RDX;
GRREFERENCEDY LRDH,2]+ RDY,
TPGRON 0
GRATX, SBRATX,
GRATY;, SBRATY;
GRATX, SBRATX,
GRATY, SBRATY,

2 Symbol instance refinement delta height

If SBIUFF is 1, decode a value using the Huffman table specified by SBHUFFRDH.

UFF is 0, decode a value using the TARDH integer arithmetic decoding procedure:(sce Annex A).

3 Symbol instance refinement X offset

If SB

6.4.11

If SB

6.4.11
Decod

If SBIUFF is 1, decode a value using the Huffman table specified by SBHUFFRDPX.

If SBIUFF is 1, decode a value using the Huffman table specified, by SBHUFFRDY.

UFF is 0, decode a value using the TARDX integer arithmetic decoding procedure (see Annex A).

4 Symbol instance refinement Y offset

UFF is 0, decode a value using the IARDY integer arithmetic decoding procedure (see Annex A).

5 Symbol instance refinement bitmap data size

e a value using the Huffman table specified by'SBHUFFRSIZE.

Colour section

6.4.12

The
SBC
the en|
lengt

6.4.12

in SB

EXTFLAG is 1, the colour information recorded in the colour section needs to be decoded as shown |n this

1 Colour section length

ecoding procedure of'-the colour section begins with achieving its top address by subtractinfg the
LSECTSIZE from the.segment data length defined in the segment header. SBCOLSECTSIZE is a 4-byte ield at

of the text regionysegment data part. The decoder can find the end of the data part by reading the segment data
in the segment header.

2 Colour palette IDs

1d @f the colour palette IDs is decoded in accordance with Recommendation ITU-T T.45 and the result is|stored
GCEOLID. The number of elements in SBFGCOLID is equal to the number of symbol instances in the text fegion

CRALI A FIALCIAALCEC

Segmcm (SDINUIVITINS TAINCILS).

NOTE - If the codestream has the coloured text region segment, the ITU-T T.45 for colour palette IDs in the colour section is
restricted as follows:

32

The number of colour components is 1 (NCOMP =1 in the header of ITU-T T.45 codestream).
The length of each colour component's value is 1-byte (COMPLEN = 1 in the header of ITU-T T.45 codestream).

The number of colour values is equal to SBNUMINSTANCES (NVALS = SBNUMINSTANCES in the header of
ITU-T T.45 codestream).
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6.5 Symbol Dictionary Decoding Procedure

6.5.1 General description

This decoding procedure is used to decode a set of symbols; these symbols can then be used by text region decoding
procedures, or in some cases by other symbol dictionary decoding procedures.

6.5.2 Input parameters
The parameters to this decoding procedure are shown in Table 13.

The SDREFAGG parameter determines how the symbols in this symbol dictionary are coded. If SDREFAGG is 0 then
each symbol bitmap is coded via direct bitmap coding. If SDREFAGG is 1 then each symbol bitmap is coded by
refining or aggregating previously-defined symbol bitmaps. These previously-defined symbol bitmaps may be drawn

from gtirerdrctiomartes—amdtprovided—as—mput—to—thts—decodmgprocedure - SBINS Y M S or ey —be—defimedin the
current dictionary.
6.5.3 Return value
The vgriable whose value is the result of this decoding procedure is shown in Table 14.
6.5.4 Variables used in decoding
The viriables used by this decoding procedure are shown in Table 15.
Table 13 — Parameters for the symbol dictionary decoding procedure
Name Type (iii::) Signed? Description and restrictions
SDHUFF Integer 1 N Whether Huffman eoding is used.
SDREFAGG Integer 1 N Whether refinement and aggregate coding are used.
SDNIUMINSYMS Integer 32 N The number of symbols that are used as input to this symbol dictionaty
decoding procedure.
SDINSYMS Array of symbols An array containing the symbols that are used as input to this symbol
dietionary decoding procedure. Contains SDNUMINSYMS symbols
SDNUMNEWSYMS | Integer 32 N The number of symbols to be defined in this symbol dictionary.
SDNIUMEXSYMS Integer 32 N The number of symbols to be exported from this symbol dictionary.
SDHUFFDH Huffman table The Huffman table used to decode the difference in height between two
height classes.?)
SDHUFFDW Huffmén table The Huffman table used to decode the difference in width between two
symbols.?)
SDHUFFBMSIZE Huffman table The Huffman table used to decode the size of a height class collectivg
bitmap.?)
SDHUFFAGGINST Huftman table The Huffman table used to decode the number of symbol instances infan
aggregation.b)
SDTEMPLATE Integer 2 N The template identifier used to decode symbol bitmaps.©)
SDATX, Integer 8 Y The X location of the adaptive template pixel A;.9)
SDATY, Integer 8 Y The Y location of the adaptive template pixel A;.9)
SDATX; Integer 8 Y The X location of the adaptive template pixel A,.9)
SDATY, Tnteger g Y The Y location of the adaptive template pixel Ay~
SDATXj; Integer 8 Y The X location of the adaptive template pixel A3.9)
SDATY; Integer 8 Y The Y location of the adaptive template pixel A3.9)
SDATX, Integer 8 Y The X location of the adaptive template pixel A4.©)
SDATY, Integer 8 Y The Y location of the adaptive template pixel A,.9)
SDRTEMPLATE Integer 1 N Template identifier for refinement coding of bitmaps.d
SDRATX; Integer 8 Y The X location of the adaptive template pixel RA ;.9
SDRATY; Integer 8 Y The Y location of the adaptive template pixel RA ;.9
SDRATX, Integer 8 Y The X location of the adaptive template pixel RA,.9
SDRATY, Integer 8 Y The Y location of the adaptive template pixel RA,.9
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Table 13 — Parameters for the symbol dictionary decoding procedure

Size

Name Type (bits)

Signed? Description and restrictions

3 Unused if SDHUFF = 0.

%) Unused if SDHUFF = 0 or SDREFAGG = 0.
©) Unused if SDHUFF = 1.

9 Unused if SDREFAGG = 0.

Table 14 — Return value from the symbol dictionary decoding procedure

Name Type (iii:;:) Signed? Description and restrictions

SDEXSYMS Array of symbols The symbols exported by this symbol dictionary, ‘Cohtains

SDNUMEXSYMS symbols.
Table 15 — Variables used in the symbol dictionary decoding procedure
Name Type (?)ii::) Signed? Description and restrictions

SDNEWSYMS Array of symbols The symbols defined in this symbol dictionary. Contains
SDNUMNEWSYMS symbols.

SDNEWSYMWIDTHS Array of integers The widths 0f the symbols in SDNEWSYMS. Contains
SDNUMNEWSYMS integers. Each integer is a 32-bit
unsigned-value.

HCHEIGHT Integer 32 N Height of the current height class.

NSYMSDECODED Integer 32 N How many symbols have been decoded so far.

HCDH Integer 32 Y The difference in height between two height classes.

SYMWIDTH Integer 32 N The width of the current symbol.

TOTWIDTH Integer 32 N The width of the current height class.

HCFIRSTSYM Integer 32 N The index of the first symbol in the current height class.

DW Integer 32 Y The difference in width between two symbols.

Bg Bitmap The current symbol's bitmap.

Byc Bitmap The current height class collective bitmap.

1 Integer 32 N An array index.

J Integer 32 N An array index.

REFAGGNINST Integer 32 N The number of symbol instances in an aggregation.

EXFLAGS Array of integers The export flags for this dictionary.

Contains SDNUMINSYMS + SDNUMNEWSYMS values.
Each value is one bit.

EXINDEX Integer 32 N An array index.

CUREXFLAG Integer 1 N The current export flag.

EXRUNEENGTH nteger 32 N Fhetengthofarumofidenticatexport-flag-vatues:

6.5.5 Decoding the symbol dictionary

The internal structure of a symbol dictionary is shown in Figure 23. The symbols defined in the dictionary are ordered
into height classes: a height class contains a number of symbols whose bitmaps are the same height.

NOTE 1-1In most cases, the height classes occur in the order of strictly increasing height, shortest through tallest. If
SDREFAGG is 1, though, a symbol may be coded as a refinement of a larger symbol defined in the same dictionary. In this case,
the height class for that base symbol must be decoded (and therefore must occur) before the shorter height class of the symbol
that is coded by refining it. For this reason, height class delta heights (and symbol delta widths) may be zero or negative, as well
as positive.
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First height class

Second height class

Last height class

List of exported symbols

Figure 23 — The structure of a symbol dictionary

If SDHUFF is 1 and SDREFAGG is 0 then the format of a height class is as shown in Figure 24. Otherwise, the format
of a height class is as shown in Figure 25. The fields mentioned in those figures are described fully below.

Height class delta height

The rdsult of decoding a symbol dictionary is an array SDEXSYMS containing SDNUMEXSYMS bitmaps. Thi
shall He the array produced by the following steps:

1)
2)

3)

4)

Delta width for first symbol

Delta width for second symbol

OOB

Height class collective bitmap

Figure 24 — Height class coding when SDHUFF is 1 and SDREFAGG'is 0

Height class delta height

Delta width for first symbol

Bitmap for first symbol

Delta width for second symbol

Bitmap for second symbol

OOB

Figure 25 — Height class coding whem:SDHUFF is 0 or SDREFAGG is 1

Create an array SDNEWSYMS, of bitmaps, having SDNUMNEWSYMS entries.

array

If SDHUFF is 1 and SDREFAGG is 0, create an array SDNEWSYMWIDTHS of integers, having

SDNUMNEWSYMS entries.
Set:
HCHEIGHT = 0
NSYMSDECODED = 0
Decode eaChyheight class as follows:

a) IfNSYMSDECODED = SDNUMNEWSYMS then all the symbols in the dictionary hav{
decoded; proceed to step 5).

b).v Decode the height class delta height as described in 6.5.6. Let HCDH be the decoded value. Sg

HCHEIGHT = HCEIGHT + HCDH
SYMWIDTH = 0

been

—

TOTWIDTH = 0
HCFIRSTSYM = NSYMSDECODED

¢) Decode each symbol within the height class as follows:

i)  Decode the delta width for the symbol as described in 6.5.7. If the result of this decoding is
OOB then all the symbols in this height class have been decoded; proceed to step 4 d).

Otherwise let DW be the decoded value and set:

SYMWIDTH = SYMWIDTH + DW
TOTWIDTH = TOTWIDTH + SYMWIDTH

© ISO/IEC 2019 - All rights reserved Rec. ITU-T T.88 (08/2018)
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6.5.6
IfSD
IfSD
6.5.7
IfSD
IfSDh

ii) If SDHUFF is 0 or SDREFAGG is 1, then decode the symbol's bitmap as described in 6.5.8.
Let Bg be the decoded bitmap (this bitmap has width SYMWIDTH and height HCHEIGHT).

Set:
SDNEWSYMS[NSYMSDECODED] = Bg
iii) If SDHUFF is 1 and SDREFAGG is 0, then set:
SDNEWSYMWIDTHS[NSYMSDECODED] = SYMWIDTH

iv) Set:
NSYMSDECODED — NSYMSDECQDED +1

d) If SDHUFF is 1 and SDREFAGG is 0, then decode the height class collective bitmap as.des
in6.5.9. Let Byc be the decoded bitmap. This bitmap has width TOTWIDTH\ and

HCHEIGHT.  Break up the bitmap  Byc as  follows to  obtain the” sy
SDNEWSYMS[HCFIRSTSYM] through SDNEWSYMS[NSYMSDECODED + ¥):

Bpyc contains the NSYMSDECODED — HCFIRSTSYM symbols concatenated left-to-right, w
intervening gaps. For each / between HCFIRSTSYM and NSYMSDECODED - 1:

*  the width of SDNEWSYMS]J/] is the value of SDNEWSYMWIDTHS][/];

*  the height of SDNEWSYMSJ/] is HCHEIGHT; and

*  the bitmap SDNEWSYMS[/] can be obtained by extracting the columns of By from:
/-1

SDNEWSYMWIDTHS[/]

J=HCFIRSTSYM

through

1-1 -1
( > SDNEWSWWIDTHS[J])

J=HCFIRSTSYM

EXAMPLE — Columns 0 through SDNEWSYMWIDTHS[HCFIRSTSYM] — 1 of By contain the bitn
SDNEWSYMS[HCFIRSTSYM], ‘thé first symbol in the height class.
5) Determine which symbol'bitmaps are exported from this symbol dictionary, as described in 6.5.10.

bitmaps can be drawn)from the symbols that are used as input to the symbol dictionary de
procedure as well ds the new symbols produced by the decoding procedure.

NOTE 2 — Not allthe new symbols need to be exported; this allows the dictionary to define a symbol, us
refinement/aggregate coding to build other symbols, and not actually export the original symbol. Also, sinc
symbols can beexported, this dictionary can, in effect, copy symbols from other dictionaries.

Height class delta height
IUFF is 13 decode a value using the Huffman table specified by SDHUFFDH.

UEF 150, decode a value using the IADH integer arithmetic decoding procedure (see Annex A).

cribed
height
mbols

ith no

ap for

These
oding

P it via
b input

Deltawidth

HUFF is 1, decode a value using the Huffman table specified by SDHUFFDW.

HUPFTF is 0, decode a value using the IADW integer arithmetic decoding procedure (see Annex A).

In either case it is possible that the result of this decoding is the out-of-band value OOB.

6.5.8

Symbol bitmap

This field is only present if SDHUFF = 0 or SDREFAGG = 1. This field takes one of two forms; SDREFAGG
determines which form is used.
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If SDREFAGG is 0, then decode the symbol's bitmap using a generic region decoding procedure as described in 6.2.
Set the parameters to this decoding procedure as shown in Table 16.

Table 16 — Parameters used to decode a symbol's bitmap using generic bitmap decoding

6.5.8.

Refinement/aggregate-coded symbol bitmap

Name Value
MMR 0
GBW SYMWIDTH
GBH HCHEIGHT
GBTEMPLATE SDTEMPLATE
TPGDON 0
USESKIP 0
GBATX| SDATX|
GBATY, SDATY;
GBATX, SDATX,
GBATY, SDATY,
GBATX; SDATXj;
GBATY; SDATY;
GBATX, SDATX,
GBATY, SDATY,

If SDREFAGG is 1, then the symbol's bitmap is coded by refinement and aggregation of other, previously-d¢fined,

symbdls. Decode the bitmap as follows:

1)
2)

3)
6.5.8.2.1

IfSD

6.5.8.2.2 Decoding a bitmap-when REFAGGNINST =1

Number of symbol instances in\aggregation
If SDIUFF is 1, decode a value usingithe Huffman table specified by SDHUFFAGGINST.

UFF is 0, decode a value using'the IAAI integer arithmetic decoding procedure (see Annex A).

Decode the number of symbol instances contained in the aggregation, as specified in 6.5.8.2Jl. Let
REFAGGNINST be the value decoded.

If REFAGGNINST is greater than onej‘then decode the bitmap itself using a text region de¢oding
procedure as described in 6.4. Set the parameters to this decoding procedure as shown in Table 17.

If REFAGGNINST is equal to ong,then decode the bitmap as described in 6.5.8.2.2.

If a syimbol's bitmap is eoded by refinement/aggregate coding, and there is only one symbol in the aggregation, then the
bitmap is decoded as)follows. This is essentially the procedure followed by the symbol region decoding prodedure,

excep{ that when a‘yalue is known, it is not decoded.

1)
2)

Set*SBHUFF = SDHUFF.

Decode a symbol ID as described in 6.4.10, using the values
SBSYMCODELEN described in 6.5.8.2.3. Let ID; be the value decoded.

of SBSYMCODES§ and

3)

4)

5)

© ISO/IEC 2019 - All rights reserved

Decode the instance refinement X offset as described in 6.4.11.3. If SDHUFF is 1, use Table B.15 for
SBHUFFRDX. Let RDX] be the value decoded.

Decode the instance refinement Y offset as described in 6.4.11.4. If SDHUFF is 1, use Table B.15 for
SBHUFFRDX. Let RDY; be the value decoded.

If SDHUFTF is 1 then:

a) Decode the symbol instance refinement bitmap data size as described in 6.4.11.5, using Table B.1
for SBHUFFRSIZE.

b) Skip over any bits remaining in the last byte read.
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6) Let IBO;be SBSYMSI[ID;], where SBSYMS is as shown in 6.5.8.2.4. The symbol's bitmap is the result
of applying the generic refinement region decoding procedure described in 6.3. Set the parameters to this
decoding procedure as shown in Table 18.

7) If SBHUFF is 1, then skip over any bits remaining in the last byte read. The total number of bytes
processed by the generic refinement region decoding procedure must be equal to the value read in
step 5 a).

Table 17 — Parameters used to decode a symbol's bitmap using refinement/aggregate decoding

Name Value
SBHUFF SDHUFF
SBREFINE 1
SBW SYMWIDTH
SBH HCHEIGHT
SBNUMINSTANCES | REFAGGNINST
SBSTRIPS 1
SBNUMSYMS SDNUMINSYMS + NSYMSDECODED
SBSYMCODES See 6.5.8.2.3.9)
SBSYMCODELEN See 6.5.8.2.3.D)
SBSYMS See 6.5.8.2.4.
SBDEFPIXEL 0
SBCOMBOP OR
TRANSPOSED 0
REFCORNER TOPLEFT
SBDSOFFSET 0
SBHUFFFS Table B.6%
SBHUFFDS Table B.82)
SBHUFFDT Table B.(A4?
SBHUFFRDW Table B.159
SBHUFFRDH Table B.15%
SBHUFFRDX Table B.15%
SBHUFFRDY Table B.15
SBHUFFRSIZE Table B.12)
SBRTEMPLATE SDRTEMPLATE
SBRATX; SDRATX,
SBRATY, SDRATY,
SBRATX, SDRATX,
SBRATY, SDRATY,
a)  If SDHUFF = 0 then this parameter has no value.
b If SDHUFF = 1 then this parameter has no value.

' -

Name Value
GRW SYMWIDTH
GRH HCHEIGHT
GRTEMPLATE SDRTEMPLATE
GRREFERENCE IBO,;
GRREFERENCEDX RDX;
GRREFERENCEDY RDY;
TPGRON 0
GRATX;, SDRATX,
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Table 18 — Parameters used to decode a symbol's bitmap when REFAGGNINST =1

Name Value
GRATY, SDRATY;
GRATX, SDRATX,
GRATY, SDRATY,

6.5.8.2.3 Setting SBSYMCODES and SBSYMCODELEN

When

SDHUFF =1, set SBSYMCODES to an array of SBNUMSYMS codes, where the length of each code is:

and th|

NOTE
numbe
wastag]
the actf

Simild

so tha

6.5.8.1

Set SBSYMS to an array of SDNUMINSYMS + NSYMSDECODED symbols, formed by concatenating thd

SDIN

6.5.9
This fi

This f]
preced

This f]

max( logy (SDNUMINSYMS + SDNUMNEWSYMS) |, 1)

e code SBSYMCODES]/] is [ (for  between 0 and SBNUMSYMS — 1).

F of symbols available in this symbol dictionary: all the imported symbols and all the symbols defined here. There
e in choosing this code length and assigning these codes. However, doing it this way means that neither the code leng]
hal codes assigned to each symbol changes during the process of decoding this symbol dictionary;,

rly, when SDHUFF is 0, SBSYMCODELEN should be set to:

rlogz (SDNUMINSYMS + SDNUMNEWSYMS)—|
the length of the bit strings decoded using IAID will not change dusing the decoding of this symbol diction|

4 Setting SBSYMS

BYMS and the first NSYMSDECODED entries of the.array SDNEWSYMS.

Height class collective bitmap
eld is only present if SDHUFF = 1 and SDREFAGG = 0.

eld contains the bitmaps of all the symbels’in the height class, concatenated left to right, and MMR encode
ed by a count of its size in bytes.

eld is decoded as follows:
1) Read the size in bytesyusing the SDHUFFBMSIZE Huffman table. Let BMSIZE be the value deco)
2)  Skip over any,bits/remaining in the last byte read.
3) If BMSIZEs\zero, then the bitmap is stored uncompressed, and the actual size in bytes is:

HCHEIGHT x [mq
8

Pecode the bitmap by reading this many bytes and treating it as HCHEIGHT rows of TOTWIDTH pixel{

— This sets the codes as equal-length codes, assigned starting from zero. The code lengths are computed from the meI(imum

some
ths nor

ary.

array

. It is

ded.

, each

fow padded out to a byte boundary with 0-7 0 bits.

©

4) Otherwise, decode the bitmap using a generic bitmap decoding procedure as described in 6.2. Set the

parameters to this decoding procedure as shown in Table 19.

Table 19 — Parameters used to decode a height class collective bitmap

Name Value
MMR 1
GBW TOTWIDTH
GBH HCHEIGHT

ISO/IEC 2019 - All rights reserved Rec. ITU-T T.88 (08/2018)
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5) Skip over any bits remaining in the last byte read.

NOTE — BMSIZE is used to determine the number of bytes of MMR-encoded data, and thus allow the encoder to omit EOFB
(see 6.2.6); this usually results in a reduction in encoded data size. It also allows the encoder to transmit the bitmap uncompressed
in the cases where MMR coding would result in an expansion.

6.5.10 Exported symbols

The symbols that may be exported from a given dictionary include any of the symbols that are input to the dictionary,
plus any of the symbols defined in the dictionary.

The array of symbols exported from the dictionary is produced by decoding a bit for each of those symbols. These bits
form an array EXFLAGS of SDNUMINSYMS + SDNUMNEWSYMS binary values, each one corresponding to an
input symbol or a newly-defined symbol. A 1 bit for a symbol indicates that the symbol is exported. Exactly
SDNUMEXSYMS symbols must be exported from the dictionary. The order of exported symbols is the order produced
by corjcatenating the array SDINSYMS and the array SDNEWSYMS.

The fqllowing procedure produces this array of exported symbols:
1) Set:

EXINDEX
CUREXFLAG = 0

Il
(e}

2) Decode a value using Table B.1 if SDHUFF is 1, or the IAEX integerarithmetic decoding proceglure if
SDHUFF is 0. Let EXRUNLENGTH be the decoded value.

3) Set EXFLAGS[EXINDEX] through EXFLAGS[EXINDEX +,EXRUNLENGTH - 1] to CUREXKFLAG.
If EXRUNLENGTH = 0, then this step does not change any values.

4)  Set:

EXINDEX = EXINDEX + EXRUNLENGTH
CUREXFLAG = NOT(CUREXFLAG)

5) Repeat steps 2) through 4) until EXINDEX'= SDNUMINSYMS + SDNUMNEWSYMS.

6) The array EXFLAGS now contains, 1'for each symbol that is exported from the dictionary, and 0 fdr each
symbol that is not exported.

7) Set:
1=0
J=20
8) For each value of /Mfrom 0 to SDNUMINSYMS + SDNUMNEWSYMS — 1, if EXFLAGS[/] = [l then
perform the following steps:

a) If/<SDNUMINSYMS then set:

SDEXSYMS[J] = SDINSYMS[!]
J=J+1

b) If /> SDNUMINSYMS then set:

SDEXSYMS[J] = SDNEWSYMS[/—- SDNUMINSYMS]
J=J+1

NOTE — Most dictionaries will export exactly the new symbols that they define; they will not export any of the symbols in
SDINSYMS. In this case, the first SDNUMINSYMS values in EXFLAGS are 0, and the remaining SDNUMNEWSYMS values
are 1.

40 Rec. ITU-T T.88 (08/2018) © ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=cb17c9853cf0baf9cc616b348a23085e

ISO/IEC 14492:2019 (E)

6.6 Halftone Region Decoding Procedure

6.6.1 General description

This decoding procedure is used to decode a bitmap by decoding an array of values, which are used to draw patterns
into a halftone grid. These patterns are combined to form the decoded bitmap.

NOTE — This form of coding is suitable to efficiently transmitting a bitmap containing periodic halftone image data, such as
clustered-dot ordered dithered data. Other forms of halftone image data, such as error-diffused data, may be converted into this
form via descreening, or may be coded in a form more closely resembling the original using generic bitmap coding.

6.6.2 Input parameters

The parameters to this decoding procedure are shown in Table 20.

Table 20 — Parameters for the halftone region decoding procedure
Size . . o
Name Type (bits) Signed? Description and restrictions
HBW Integer 32 N The width of the region.
HBH Integer 32 N The height of the region.
HMNR Integer 1 N Whether MMR coding is used.
HTEMPLATE Integer 2 N The template identifier.?)
HNUMPATS Integer 32 N The number of patterns thdtmay be used in this region.
HPA[T'S Array of patterns An array containing thépatterns used in this region. Contaifs
HNUMPATS patterns.
HDE[FPIXEL Integer ‘ 1 ‘ N The default pixel for this bitmap.
HCQMBOP Operator The combination operator used in this halftone region. May| take
on the values.OR, AND, XOR, XNOR and REPLACE.
HENABLESKIP Integer 1 N Whether unneeded gray-scale values are skipped.?)
HGW Integer 32 N The width of the gray-scale image.
HGH Integer 32 N The height of the gray-scale image.
HGX Integer 32 Y 256 times the horizontal offset of the grid origin.
HGY| Integer 32 Y 256 times the vertical offset of the grid origin.
HRX Integer 16 N 256 times the horizontal coordinate of the grid vector.
HRY] Integer 16 N 256 times the vertical coordinate of the grid vector.
HPW Integer 8 N The width of each pattern.
HPH Integer 8 N The height of each pattern.
9 Upused if HMMR = 1
6.6.3 Return value
The vgriable whose value is’'the result of this decoding procedure is shown in Table 21.
Table 21 — Return value from the halftone region decoding procedure
Size . .. o
Name Type (bits) Signed? Description and restrictions
TREG Bitmap The decoded Tegion bitmap

6.6.4 Variables used in decoding

The variables used by this decoding procedure are shown in Table 22.

6.6.5 Decoding the halftone region

A halftone-coded bitmap is represented by a set of pattern instances. Each instance encodes a pattern. The location of
each pattern is not coded explicitly but given by a grid global to the entire halftone bitmap. The halftone grid origin is
specified by parameters HGX and HGY. The grid period is defined by parameters HRX and HRY (see Figure 26).
HGX, HGY, HRX and HRY are scaled by 256, which means that the grid origin and grid period have a fractional part
of 8 bits.
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NOTE 1 — Note that HRX and HRY are unsigned values; that is, their values are always greater than or equal to zero. This
means that the grid vector is restricted to lie in a single quadrant. Despite this restriction, any halftone grid can be encoded by a
suitable adjustment of HGX and HGY: HGX and HGY must be set so that the grid's origin is the leftmost corner. This is the top
left corner in the case where the grid is axis-aligned, or is a slight counter-clockwise rotation of an axis-aligned grid (as shown in

Figure 26) and is the bottom left corner in the case where the grid is a slight clockwise rotation of an axis aligned grid.

The possible patterns are given in a dictionary. The identity of a pattern is specified by an index which will usually
represent the gray-scale value of the pattern.

Table 22 — Variables used in the halftone region decoding procedure

Name Type (?)li::) Signed? Description and restrictions
g Integer 32 N Horizontal index tor the current gray-scale value.
Mg Integer 32 N Vertical index for the current gray-scale value.
X Integer 32 Y The horizontal coordinate for the pattern corresponding to the
current gray-scale value.
y Integer 32 Y The vertical coordinate for the pattern corréspending to the
current gray-scale value.
HSKIP Bitmap Skip mask. HSKIP is HGW by HGH pixels.?)
HBPI Integer ‘ 32 ‘ N The number of bits per value inth¢ array of gray-scale valyes.
GI Array Array of gray-scale values. Gl is'a HGW by HGH array, epch
entry of which is a HBPP bits Unsigned integer.
9 Utused if HENABLESKIP = 0.
NQTE 2 — We use the term gray-scale value for the index to illustrate the compression idea. There is no requirement|in this
Refommendation | International Standard that the index does indeed correspond to the gray-scale value.
The rdsult of decoding a halftone bitmap is the bitmap that is produced.by the following steps:

1) Fill a bitmap HTREG, of the size given by HBW and"HBH, with the HDEFPIXEL value.

2) IfHENABLESKIP equals 1, compute a bitmap HSKIP as shown in 6.6.5.1.

3) Set HBPP to logy (HNUMPATS) .

4) Decode an image GI of size HGW by“HGH with HBPP bits per pixel using the gray-scale [image
decoding procedure as described in Annex C. Set the parameters to this decoding procedure as shgwn in
Table 23.

Let GI be the results of invoking*this decoding procedure.

5) Place sequentially the patterns corresponding to the values in GI into HTREG by the procedure described
in 6.6.5.2. The rendeging-procedure is illustrated in Figure 26. The outline of two patterns are marked by
dotted boxes.

6) After all the paftetnis have been placed on the bitmap, the current contents of the halftone-coded hitmap
are the results-that shall be obtained by every decoder, whether it performs this exact sequence of sfeps or
not.

NQTE 3 - If HGX/15.0; HGY is 0, HRX is equal to HPW x 256 and HRY is 0, then the grid is simple: it is axis-aligrjed, the
pripnary directioniis horizontal, and the grid step is equal to the size of the patterns. In this case, it is possible to optinfize the
drawing process,)as none of the patterns can overlap.

6.6.5.1 Computing HSKIP

The bitmap HSKIP contains 1 at a pixel if drawing a pattern at the corresponding location on the halftone grid ddes not

affect any pixels of HTREG. It is computed as follows:

42

)

Rec. ITU-T T.88 (08/2018)

For each value of mg between 0 and HGH — 1, beginning from 0, perform the following steps:
a) For each value of ng between 0 and HGW — 1, beginning from 0, perform the following steps:

i)  Set:

=
Il

(HGX + mg x HRY + ng x HRX) >> 48
y = (HGY + mg x HRX - ny, x HRY) >> 48

ii) If ((x + HPW <0) OR (x > HBW) OR (y + HPH < 0) OR (y > HBH)) then set:
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HSKIP[ng, mg] =1
Otherwise, set:
HSKIP[ng, mg] =0

Bounding box for page

Mg

Halftone grid //'\

Bounding box for halftone rcgion)(
> X

HGX +HRX = HGY -
256 25

\

HGX + HRY = HGY -
256 256

/

\

T.88(18)_F2§

Figure 26 — Specification of coordinate systems and grid parameters
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Table 23 — Parameters used to decode a halftone region's gray-scale value array

6.6.5.

Draw

N(
of
thi

Th
the

shd
6.7
6.7.1 General description
This
region| decoding procedures.
6.7.2 Input parameters

Name Value
GSMMR HMMR
GSW HGW
GSH HGH
GSBPP HBPP
GSUSESKIP HENABLESKIP
GSKIP HSKIP @
GSTEMPLATE HTEMPLATE
3 If HENABLESKIP = 0 then this parameter has no value.
®) If HMMR = 1 then this parameter has no value.

Rendering the patterns

the patterns into HTREG using the following procedure:

1)  For each value of mq between 0 and HGH — 1, beginning from 0, perform the follojing steps.

a) For each value of ny between 0 and HGW — 1, beginning from 0, perfornrthe following steps.
i)  Set:
x = (HGX + mg x HRY + ng x HRX) >x738
y = (HGY + mg x HRX - ng x HRY) 3> 48

(x, y) in HTREG.
A pattern is drawn into HTREG as follows: Each pixel of the pattern shall be combine

written into that pixel in the halftete-coded bitmap.

If any part of a decoded patterny when placed at location (x, y) lies outside the actual ha
coded bitmap, then this pact-of the pattern shall be ignored in the process of combini
pattern with the bitmap,

TE — The gray-scale image can be used by the decoder to get a good rendition of the halftone on a multi-level output]

imited spatial resolution such as a computer screen. The use of the gray-scale image for such purposes is outside the s
Recommendation | International Stafidard.

b gray-scale image is coded by bif-plane coding so the decoder will receive the gray-scale image progressively. Conseq
decoder may render a halftonéd tmage using the quantized gray-scale values as indices. Such intermediate halftoned
11 not influence the final halftone-coded bitmap.

Pattern Dictiohary Decoding Procedure

ecoding ‘procedure is used to decode a set of fixed-size patterns; these patterns can then be used by hs

ii) Draw the pattern HPATS[GI[ng, m,]] into HTREG such that its upper left pixel is at ldcation

 with

the current value of the correspondinig pixel in the halftone-coded bitmap, usijg the
combination operator specified by HCOMBOP. The results of each combination sHall be

ftone-
hg the

device
ope of

uently,
images

Iftone

The parameters to this decoding procedure are shown in Table 24.
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Table 24 — Parameters for the pattern dictionary decoding procedure

Name Type (?)iif:) Signed? Description and restrictions
HDMMR Integer 1 N Whether MMR is used.
HDPW Integer 32 N The width of each pattern.
HDPH Integer 32 N The height of each pattern.
GRAYMAX Integer 32 N The largest gray-scale value for which a pattern is given.
HDTEMPLATE Integer 2 N The template used to code the patterns.?)
9 Unused if HDMMR = 1.

6.7.3
The v

—Returnvalue

iriable whose value is the result of this decoding procedure is shown in Table 25.

Table 25 — Return value from the pattern dictionary decoding procedure

Name Type (?)li::) Signed? Description and restrictions
HDPATS Array of patterns The patterns exported by this pattern dictionary. Contains
GRAYMAX + 1 patterns.
6.7.4 Variables used in decoding
The vgriables used by this decoding procedure are shown in Table 26.

Table 26 — Variables used in the pattern dictionary decoding procedure

Name Type (?)ii::) Signed? Description and restrictions
gRAY Integer 32 N Gray-scale index.
Bupc Bitmap The dictionary collective bitmap.
Bp Bitmap A bitmap of size HDPW by HDPH.
6.7.5 Decoding the pattern dictionary
The r¢sult of decoding a pattern dictignary is a set of patterns: HDPATS[0] - - - HDPATS[GRAYMAX]. |These
patters shall be the patterns producedtby the following steps:
1) Create a bitmap Bfp¢. The height of this bitmap is HDPH. The width of the bitmap is (GRAYMAX +
1) x HDPW. This)bitmap contains all the patterns concatenated left to right.
2) Decode the.'eollective bitmap using a generic region decoding procedure as described in 6.2. et the
parameters to this decoding procedure as shown in Table 27.
3) Set:
GRAY =0
4){>While GRAY < GRAYMAX:
a) Let the subimage of Bypc consisting of HPH rows and columns HDPW x GRAY through HDPW
X (GRAY + 1) — 1 be denoted 5p . Set:
HDPATS[GRAY] = Bp
b) Set:
GRAY = GRAY + 1
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Table 27 — Parameters used to decode a pattern dictionary's collective bitmap

Name Value
MMR HDMMR
GBW (GRAYMAX + 1) x HDPW
GBH HDPH
GBTEMPLATE HDTEMPLATE?
TPGDON 0
USESKIP 0
GBATX, -HDPW?)
GBATY, 0
GBATX, —3b)
GBATY, —1b
GBATX; 2b)
GBATY; —2b)
GBATX, —2b)
GBATY, —2b)
3 If HDMMR = 1 then this parameter has no value.
% If HDMMR = 1 or HDTEMPLATE # 0 then this parameter has no value,

6.8 Colour palette decoding procedure
6.8.1 General description
This decoding procedure is used to decode a set of colours; these colours can then be used by generic and text fegion
decod|ng procedures.
6.8.2 Input parameters
The c¢lour palette segment requires no input parameter.
The pgrameters to this decoding procedure are shown.in Table 28.
Table 28 — Parameters’for the colour palette decoding procedure
Size . s _
Name Type (bits) Signed? Description and restrictions
CPNCOMP Integer 8 N The number of colour components.
CPCPMPLEN Integet 8 N The length (in bytes) of each component's value. Mak¢ take
on the values 1, 2 or 4.
CPNNVALS Integer 8 N The number of colour values coded in this segment.

6.8.3 Return value

The viriable whase value is the result of this decoding procedure is shown in Table 29.

Table 29 — Return value from the colour palette decoding procedure

Name Type (?)lif:) Signed? Description and restrictions
CPDEFCOLS Array of colours The default colour set.
CPEXCOLS Array of colours The colours defined in this segment.

6.8.4 Decoding the colour palette

The data part shall be stored as a sequence of the colour value (CVAL) that consists of CPNCOMP fields, and each

field shall consist of CPCOMPLEN octets.

The result of decoding is stored in CPEXCOLS, and the end of the data part shall be determined when the number of
CVAL is equal to CPNVALS.
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Thirty-two colours are defined and registered in CPDEFCOLS (default colour set), as shown in Table 30.

Default colour set

ISO/IEC 14492:2019 (E)

Table 30 — Definition of default colour set

N(
Re

ID Colour name Colour value (RGB) Colour value (Hex)
0 Black 0,0,0 #000000
1 Gray 128, 128, 128 #808080
2 Silver 192, 192, 192 #c0c0cO
3 White 255, 255, 255 #HITEFEE
% Redt 2557670 #0060
5 Lime 0,255,0 #0000
6 Blue 0,0, 255 #0000ff
7 Yellow 255, 255, 0- #1Eff00
8 Aqua 0, 255, 255 #OOSEFE
9 Fuchsia 255, 0,255 #£H00ff
10 Maroon 128,0,0 #800000
11 Green 0,128,0 #008000
12 Navy 0,0, 128 #000080
13 Olive 128,128, 0 #808000
14 Teal 0, 128, 128 #008080
15 Purple 128, 0, 128 #800080
16 Orange 255,165,0 #ffa500
17 204, 20450 #ceec00
18 153,050 #990000
19 0,204, 0 #00cc00
20 0,153,0 #009900
21 204,204, 0 #ceec00
22 153, 153, 0 #999900
23 102,0,0 #660000
24 0, 0,204 #0000cc
25 0,0, 153 #000099
26 204, 0, 204 #cc00cc
27 153, 0, 153 #990099
28 0,204, 204 #00cccc
29 0, 153, 153 #009999
30 102, 102, 102 #666666
31 153, 153, 153 #999999

TEZ1 ~ The default colour set in Table 30 includes the standard colours defined in the Cascading Style Sheets I

ision 1 (CSS 2.1) Specification (http://www.w3.org/TR/CSS2/).

evel 2

NOTE 2 — If there is no region segment in which the colour palette ID or the largest element of the colour palette IDs is equal to
or smaller than 32, the elements recorded in the colour palette segment are never used in any region segment. Therefore, the

colour palette sections are not always required even if the documents include segments with colour extension.

7

7.1

Control Decoding Procedure

General description

This decoding procedure controls the invocation of all the other decoding procedure. The encoded bitstream consists of
a collection of segments, each containing a part of the data necessary for decoding. There are several different types of
segments.

© ISO/IEC 2019 - All rights reserved
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A segment has two parts: a segment header part and a segment data part. All types of segments use a common format
for the segment header, but different formats for segment data.

Some segments give information about the structure of the document: start of page, end of page, and so on. Some
segments code regions, used in turn to produce the decoded image of a certain page. Some segments ("dictionary
segments") do neither, but instead define resources that can be used by segments that code regions.

A segment can be associated with some page, or not associated with any page. A segment can refer to other, preceding,
segments. A segment also includes retention bits for the segment that it refers to, and for itself; these indicate when the
decoder may discard the data created by decoding a segment.

EXAMPLE — A text region segment may make use of symbols defined in preceding symbol dictionary segments. This
is indicated by the text region's segment header referring to those symbol dictionary segments.

Thf f +.1 u| SN | Jaadia’Z. 2 __T1 4 ad 4. dals P I Mo Na nl N 4 ol 1o f
(S T OT SUETTICITT TICAUTT S TS UUSUITOCU T 7. 2 T O Ty PUSTOT- SUETITUITTS AT CUCTIIICU T 7~ 0 TICS YITTAATOT CAatlY t_)]pe (6]

segmgnt is defined in 7.4.

In the [following, some references are made to "preceding" and "following" segments (and other indicatiofis ‘implyjing an
order pf segments). These terms are defined with reference to the order imposed on the segments by, their sefgment
numbgrs: a segment precedes all segments whose segment numbers are larger than its segment‘number. [In the
sequential and random-access organizations (see D.1 and D.2), the segments must appear in the file in increasing order
of the|r segment numbers. However, in the embedded organization (see D.3), this is not the case because the JBIG2
segmgnts are encapsulated in another file format.

NQTE - It is possible for there to be gaps in the segment numbering. A JBIG2 file might contain segments numbered 2,|3, 4, 8

and 10. This can occur due to editing: the segment numbers might originally have been centiguous, but at some point in the life
of the file some pages were deleted and the remaining segments not renumbered.

A segment's header part always begins and ends on a byte boundary.

A segment's data part always begins and ends on a byte boundary. Any ufused bits in the final byte of a segmentt must
contaih 0, and shall not be examined by the decoder.

The s¢gment header part and the segment data part of a segment ficed not occur contiguously in the bitstream|being
decodgd. See Annex D for an organization where the segment header part of a segment may be stored at some distance
from the segment data part of that segment.

This ¢lause contains figures that describe various parfs’of the encoded data, such as Figures 27 and 33.|These
convehtions used in these figures are:

*  The first byte encountered in the bitstream is at the left end.
»  Fields whose sizes are fixed, and\that are always present, are outlined with narrow lines.

*  Fields whose sizes are not fixed, or that are not present in all cases, or whose structures arg fully
described elsewhere, are.outlined with heavy lines.

*  Some figures (such-as-Figure 27) are divided into fields, each of which is an integral number off bytes
long. In these figures; hash marks extending down from the top of the figure denote byte boundari¢s, and
fields are separated by lines running the full height of the figure.

*  The remaifung figures are divided into fields, each of which is an integral number of bits long, makjing up
an integral number of bytes. In these figures, short hash marks extending up from the bottom [of the
figure show bit boundaries. Fields are separated by longer hash marks extending up from the botfom of
the figure. Each bit's number is shown below the figure.

7.2 Segment header syntax

7.2.1 Segment header fields

A segment header contains the fields shown in Figure 27 and described below.

‘ ‘ ‘ Segment Referred-to segment Referred-to segment | Segment page ‘ | ‘
header count and number. ‘ation
Segment number flags retention flags umbers assoc1atio Segment data length

Figure 27 — Segment header structure
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Segment number — see 7.2.2.

Segment header flags — see 7.2.3.

Referred-to segment count and retention flags — see 7.2.4.

Referred-to segment number fields — see 7.2.5.

Segment page association — see 7.2.6.

Segment data length — see 7.2.7.

7.2.2

Segment number

This four-byte field contains the segment's segment number. The valid range of segment numbers is 0 through

o048 Lo O o O o O

ment

42949
numbg

7.2.3
This 1

Bits 0
Bit 6
Bit 7

N(
seg
the

7.2.4

This f
segme

Nd
rep

The ngimber of bytes in this field depends on the number of segments referred to by this segment. If this segment
- or fewer segments, then this field is one byte long. If this segment refers to more than four segments, th¢n this

to fou
field i

EXAN

S Segment type. See 7.3.

AN 1 M A fo 4 _Joals . +lal £, 41 4 1 M 41
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ring.

Segment header flags

a 1-byte field. The bits that are defined are shown in Figure 28 and are described below.
Deferred Page
non-retain association Segment type
‘ size ‘
7 6 5 4 3 2 1 0

Figure 28 — Segment header flags

Page association field size. See 7.2.6.

Deferred non-retain. If this bit is 1, this segment is flagged as retained only by itself and its at
extension segments, and is flagged as non-retained by the last attached extension segments. An ext
segment is an attached extension segment When it refers to only one segment, and the only segme
any) between it and that referred-to, Segment are other extension segments also referring only
referred-to segment.

TE — The intention of this bit is to indicate to.the decoder that the segment is only referred to by a small number of ex
ments. The decoder may take some expensive actions when segments are flagged as retained, but if this retention is g
benefit of the segment's attached extension segments, these actions may not be necessary. Knowing this in advance is hj

Referred-to segment count and retention flags

eld contains one or more bytes indicating how many other segments are referred to by this segment, and
nts contain data that is'needed after this segment.

TE — The decoder's ‘memory requirements can be reduced by letting it know when it is allowed to forget about tl
resented by some.previous segment.

4+ |—(R + 1)/8] bytes long where R is the number of segments that this segment refers to.

(PEE — If this segment refers to between five and seven other segments, then the field is five bytes lon

ached
bnsion
nts (if
0 that

ension
nly for
elpful.

which

e data

refers

b if it

=

refers

0 between e1ght and Iifteen other segments, then the Tield 1S six bytes long.

The three most significant bits of the first byte in this field determine the length of the field. If the value of this three-bit
subfield is between 0 and 4, then the field is one byte long. If the value of this three-bit subfield is 7, then the field is at
least five bytes long. This three-bit subfield must not contain values of 5 and 6.

In the

©

case where the field is one byte long, that byte is formatted as shown in Figure 29 and as described below.
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Count of referred-to Retain bit Retain bit Retain bit Retain bit Retain bit
for 4th for 3rd for 2nd for 1st for this
segments
segment segment segment segment segment
7 6 5 4 3 2 1 0

Figure 29 — Referred-to segment count and retention flags — short form

Bit 0 Retain bit for this segment.

Bit 1 Retain bit for the first referred-to segment. If this segment refers to no other segments, this field must
contain 0.

Bit 2 Retain bit for the second referred-to segment. If this segment refers to fewer than two other, segments,

this field must contain 0.

Bit 3 Retain bit for the third referred-to segment. If this segment refers to fewer than threeother segments, this
field must contain 0.

Bit 4 Retain bit for the fourth referred-to segment. If this segment refers to fewer than four other segments, this
field must contain 0.

Bits 57 Count of referred-to segments. This field may take on values between zero and four. This speciffes the
number of segments that this segment refers to.

In the|case where the field is in the long format (at least five bytes long), it is composed of an initial four-bytq field,
followled by a succession of one-byte fields. The initial four-byte field is formatted as follows.

Bits 0{28 Count of referred-to segments. This specifies the number.of segments that this segment refers to.
Bits 2P-31  Indication of long-form format. This field must contain the value 7.

The fifst one-byte field following the initial four-byte field is formatted as follows.

Bit 0 Retain bit for this segment.

Bit 1 Retain bit for the first referred-to segniént.

Bit 2 Retain bit for the second referred¢to-segment.

Bit 3 Retain bit for the third referred-to segment.

Bit 4 Retain bit for the fourthtreferred-to segment.

Bit 5 Retain bit for the fifth referred-to segment. If this segment refers to fewer than five other segmengs, this

field must contain\0.

Bit 6 Retain bit forthe sixth referred-to segment. If this segment refers to fewer than six other segments, this
field must'contain 0.

Bit 7 Retain.bit for the seventh referred-to segment. If this segment refers to fewer than seven other segments,
this field must contain 0.

The s¢cond one-byte field, if present, contains retain bits for the eighth through fifteenth referred-to segments; the bits
correspending to any segments beyond the count of segments actually referred to must be 0. Succeeding one-bytd fields

are formatted-stmilarly-

If the retain bit for this segment value is 0, then no segment may refer to this segment.

If the retain bit for the first referred-to segment value is 0, then no segment after this one may refer to the first segment
that this segment refers to (i.e., this segment is the last segment that refers to that other segment). Further retain bit
values have similar meanings: if the retain bit for the Kth referred-to segment value is 0, then no segment after this one
may refer to the Kth segment that this segment refers to.

7.2.5 Referred-to segment numbers

This field contains the segment numbers of the segments that this segment refers to, if any. The number of values in this
field is determined by the referred-to segment count and retention flags field. Each value is the segment number of a
segment that this segment refers to. If a segment refers to other segments, it must refer to only segments with lower
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segment numbers. When the current segment's number is 256 or less, then each referred-to segment number is one byte
long. Otherwise, when the current segment's number is 65536 or less, each referred-to segment number is two bytes
long. Otherwise, each referred-to segment number is four bytes long.

7.2.6 Segment page association

This field encodes the number of the page to which this segment belongs. The first page must be numbered "1". This
field may contain a value of zero; this value indicates that this segment is not associated with any page.

A segment that has a non-zero segment page association may only be referred to by segments having the same segment
page association value as it.

This field is one byte long if this segment's page association field size flag bit is 0, and is four bytes long if this
segment's page association field size flag bit is 1.

NOTE — Most documents have fewer than 256 pages, so this field has a short form that can hold values from 0 to 255 in g single
byte. The page association field for unassociated segments can also be only a single byte long.

7.2.7 Segment data length
This 4t-byte field contains the length of the segment's segment data part, in bytes.

If the [segment's type is "Immediate generic region", then the length field may contain the value OxFFFFFFFH. This
value [s intended to mean that the length of the segment's data part is unknown at the timelthat the segment header is
writte (for example in a streaming application such as facsimile). In this case, the true length of the segment's dafa part
shall Be determined through examination of the data: if the segment uses template-based arithmetic coding, then the
segment's data part ends with the two-byte sequence 0xFF 0xAC followed by a.fetir-byte row count. If the sggment
uses MMR coding, then the segment's data part ends with the two-byte sequence’0x00 0x00 followed by a foyr-byte
row cpunt. The form of encoding used by the segment may be determined,by’examining the eighteenth byte| of its
segmgnt data part, and the end sequences can occur anywhere after that eighteenth byte.

NQTE - Given a list of segment headers in the random-access organization'(see Figure D.2), a decoder can build a may] of the
resf of the file by knowing the length of the data associated with each segnient. This allows it to perform random access.

7.2.8 Segment header example

EXANIPLE 1 — A segment header consisting of the sequence of bytes:

0x00 0x00 0x00 0x20\0x86 0x6B 0x02 O0x1E 0x05 0x04
is parged as follows:

%00 0x00 0x00 0x20 This segment's-aumber is 0x00000020, or 32 decimal.

0

0x86 This segment's type is 6. Its.page association field is one byte long. It is retained by only its atfached
ektension segments.
0
r

x6B This segment refers to‘three other segments. It is referred to by some other segment. This is the last
pference to the second of the three segments that it refers to.

(@]

x02 0x1E 0x05 Thethree segments that it refers to are numbers 2, 30, and 5.

(@]

x04 This segment,is’associated with page number 4.

EXANIPLE 2 — A segment header consisting of the sequence of bytes, in hexadecimal:
00 00 02 34 40 EO 00 00 09 02 FD 01 00 OO0 02 OO

1 00 05 02 00 02 01 02 02 02 03 02 04 00 00 04
Q1

is parsed as follows:
00 00 02 34 This segment's number is 0x00000234, or 564 decimal.
40 This segment's type is 0. Its page association field is four bytes long.

EO 00 00 09 This segment's referred-to segment count field is in the long format. This segment refers to nine
other segments.

02 FD This segment is referred to by some other segment. This is the last reference to the first and eighth of the
nine segments that it refers to.
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01 00 ... 02 04 The nine segments that it refers to are each identified by two bytes, since this segment's
number is between 256 and 65535. The segments that it refers to are, in decimal, numbers 256, 2, 30, 5, 512, 513,
514, 515, and 516.

00 00 04 01 This segment is associated with page number 1025.

7.3 Segment t ypes

Each segment has a certain type. This type specifies the type of the data associated with the segment. This type restricts
which other segments it may refer to, and which other segments may refer to it. These restrictions are detailed in 7.3.1.

The segment type is a number between 0 and 63, inclusive. Not all values are allowed. The allowed list of segment
types, their full names, and where their formats are defined, are:

Symbot dictiomary —see 7.4-2-
Intermediate text region — see 7.4.3.

Immediate text region — see 7.4.3.

N QN A g

Immediate lossless text region — see 7.4.3.

16 Pattern dictionary — see 7.4.4.

20 Intermediate halftone region — see 7.4.5.

22 Immediate halftone region — see 7.4.5.

23 Immediate lossless halftone region — see 7.4.5.

36 Intermediate generic region — see 7.4.6.

38 Immediate generic region — see 7.4.6.

39 Immediate lossless generic region — see 7.4.6.

40 Intermediate generic refinement region — see 7.4.7.
42 Immediate generic refinement region — see 7.4.7.
43 Immediate lossless generic refinement region —'s¢e 7.4.7.
48 Page information — see 7.4.8.

49 End of page — see 7.4.9.

50 End of stripe — see 7.4.10.

51 End of file —see 7.4.11.

52 Profiles —see 7.4.12.

53 Tables —see 7.4.13.

54 Colour palette — se€ 7,4.16

62 Extension — see\7.4.14.

All other segment types ateyreserved and must not be used.

NQTE — These segment/type numbers are allocated according to the following rules. The two high-order bits (bits 4-5)|of this
number specify the primary type of the segment, and the four low-order (bits 0-3) bits specify the secondary type of the segment.

The pfimary typessare:
0 \7Symbol bitmap data
1  Halftone bitmap data

2 Generic bitmap data
3  Metadata

Primary types 0-2 are collectively referred to as region types.
For the region types, the interpretation of the four low-order bits is:
Bit 0 If this bit is 1, it indicates that the segment makes some region of the page lossless.

Bit 1 If this bit is 1, it indicates that the segment can be drawn immediately into the page bitmap. If this bit is
0, it indicates that the segment is an intermediate segment. See 8.2.

Bits 2-3 These two bits define a subtype of the primary type:
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0 Dictionary
1 Direct Region
2 Refinement Region

For metadata, the interpretations of the four low-order bits are:
Page information
End of page
End of stripe

Profiles
Tables

19 (E)

0

1

2

3 End of file
4

5

6-

13 |Reserved
14 Extension
15 Reserved

The degments of types "intermediate text region", "immediate text region", "immediate lossless text rd
"interediate halftone region", "immediate halftone region", "immediate lossless halftonetegion", "intern
generie region”, "immediate generic region", "immediate lossless generic region", "intermediate generic refin
region)", "immediate generic refinement region”, and "immediate lossless generic refinement region" are colle
referr¢d to as "region segments".

The degments of types "intermediate text region", "immediate text region!,\'tmmediate lossless text rd
"interfnediate halftone region", "immediate halftone region", "immediate loSsless halftone region", "intern

generie region", "immediate generic region", and "immediate lossless genéric region”, are collectively referred
"direcf region segments".

non non

The s¢gments of types "intermediate text region", "intermediate halftone region", "intermediate generic region
"interediate generic refinement region" are collectively referred toas "intermediate region segments".

The spgments of types "immediate text region", "immediate lossless text region", "immediate halftone rd
"immgdiate lossless halftone region", "immediate genericregion", "immediate lossless generic region", "immn
generic refinement region", and "immediate lossless\\generic refinement region" are collectively referred
"immgdiate region segments".

The degments of types "intermediate generi¢\refinement region", "immediate generic refinement region
"immgdiate lossless generic refinement region'are collectively referred to as "refinement region segments".

7.3.1 Rules for segment references

The ryles for segment references arelas follows:

referred to bysany’number of extension segments.

* A segmenf-of*type "symbol dictionary" (type 0) may refer to any number of segments of type "s
dictionary and to up to four segments of type "tables".

+ A _segiment of type "intermediate text region", "immediate text region" or "immediate lossles
region" (type 4, 6 or 7) may refer to any number of segments of type "symbol dictionary" and td
eight segments of type "tables". Additionally, it may refer to any number of segments of type "
palette segment", if it has COLEXTFLAG = 1 in its region segment flags.

gion",
ediate
ement
tively

gion",
ediate
to as

, and

gion",
ediate
to as

and

*  An intermediate-region segment may only be referred to by one other non-extension segment; it may be

ymbol

s text
up to
colour

egmento me "nattern-d ona " me 6)-1m afa efe o0-an other seament
i > - > N “ > 1=}

nong

+ A segment of type "intermediate halftone region", "immediate halftone region" or "immediate lossless
halftone region" (type 20, 22 or 23) must refer to exactly one segment, and this segment must be of type

"pattern dictionary".

* A segment of type "intermediate generic region", "immediate generic region" or "immediate lossless

generic region" (type 36, 38 or 39) must not refer to any other segment. If it has COLEXTFLAG

=1in

its region segment flags, however, it may refer to any number of segments of the type "colour palette

segment".

* A segment of type "intermediate generic refinement region" (type 40) must refer to exactly one other

segment. This other segment must be an intermediate region segment.
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* A segment of type "immediate generic refinement region" or "immediate lossless generic refinement

region" (type 42 or 43) may refer to either zero other segments or exactly one other segment. If it
to one other segment then that segment must be an intermediate region segment.

* A segment of type "page information" (type 48) must not refer to any other segments.
* A segment of type "end of page" (type 49) must not refer to any other segments.

* A segment of type "end of stripe" (type 50) must not refer to any other segments.

* A segment of type "end of file" (type 51) must not refer to any other segments.

* A segment of type "profiles" (type 52) must not refer to any other segments.

* A segment of type "tables" (type 53) must not refer to any other segments.

refers

* A segment of type "extension" (type 62) may refer to any number of segments of any type, unless the

7.3.2
Every

eXtension Segment's type 1Mposes sOMe restriction.
* A segment of type "colour palette" (type 54) must not refer to any other segments.
Rules for page associations

region segment must be associated with some page (i.e., have a non-zero page association field).

information”, "end of page" and "end of stripe" segments must be associated with some page.NEnd of file" seg

must 1
If a se
If a sg
segmg
page.
7.4

This s
decod

7.4.1

Every
segmg

Regio
Regio
Regio
Regio

ot be associated with any page. Segments of other types may be associated with a page or not.
bment is not associated with any page, then it must not refer to any segment that is ‘associated with any page

gment is associated with a page, then it may refer to segments that are ndt-associated with any page,
nts that are associated with the same page. It must not refer to any segnient that is associated with a di

Segment syntaxes

ubclause describes in detail the syntax of the segment data™part of each type of segment, and how it i
pd.

Region segment information field

region segment's data part begins with a region segment information field; its format is specified here. A
nt information field contains the following subfields, as shown in Figure 30 and as described below:

b tor bbb T[] Region

segment

Region segment Regiomsegment Region segment Region segment flags
bitmap width bitmap height bitmap X location bitmap Y location

Figure 30 — Region segment data header structure
h segment bitmap . width — see 7.4.1.1.

h segment bitmap height — see 7.4.1.2.

h segmentbitmap X location — see 7.4.1.3.

h segmient bitmap Y location — see 7.4.1.4.

Regio

"Page
ments

hnd to
ferent

to be

Fegion

hsegment flags —see 74 15

7.4.1.1 Region segment bitmap width

This four-byte field gives the width in pixels of the bitmap encoded in this segment.

7.4.1.2 Region segment bitmap height

This four-byte field gives the height in pixels of the bitmap encoded in this segment.

7.4.1.3 Region segment bitmap X location

This four-byte field gives the horizontal offset in pixels of the bitmap encoded in this segment relative to the page
bitmap.
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7.4.1.4 Region segment bitmap Y location

This four-byte field gives the vertical offset in pixels of the bitmap encoded in this segment relative to the page bitmap.

7.4.1.5 Region segment flags

This one-byte field is formatted as shown in Figure 31 and as described below.

Bits 0

N(
be
ma|
the

Nd
cof
bef

location and external combination according to how the final refinemient of that intermediate segment will be combined W

pag
N(

Bit 3

Bits 4

In oth
segmg

EXAN
100 p
left co

7.4.2

7.4.2.1

A synpbol dictionary segment's data part begins with a symbol dictionary segment data header, containing the

shown

R d External
eserl:e 0 COLEXTFLAG combination
must be | | operator
| | | | \
7 6 5 4 3 2 1 0
T.88(18) F29
Figure 31 — Region segment flags field structure
2 External combination operator. This three-bit field can take on the following values, representing
five possible combination operators:
0 OR
1 AND
2 XOR
3 XNOR
4 REPLACE

used by refinement regions, where the refined region replaces the region it's refininig: Operators such as AND can be
Kking, where a portion of the page bitmap that already contains data is to bécleared so that another bitmap can be
e — think of writing a bitmap through a mask.

TE 2 — Intermediate region segments are never combined directly.with the page, and so their location and ¢
hbination operators are not used. However, these values can still be useful: if a decoder wishes to draw a version of tH
ore all segments have been decoded (for progressive build-up), then it might want to render intermediate segments; set

e can help the decoder produce a useful sequence of progressive refinements of the page.
TE 3 — If the colour extension flag (COLEXTFLAG) is equal to 1, the external combination operator must be REPLA

Colour extension flag (COLEXTFLAG)
This field specifies whether the region s¢gment is extended to represent coloured bitmap.
L7 Reserved; must be 0.

er words, this region segment information field describes the size and location of the bitmap encoded
nt.

PLE — If the size and locatien values are (in order) 100, 200, 50 and 75, then this segment describes a
xels wide, 200 pixels high] whose top left corner is 50 pixels to the right of, and 75 pixels below, the pag
rner.

Symbol dictionary segment syntax

Symbol dictionary segment data header

bne of

TE 1 — These operators describe how the segment's bitmap is to be combined with¢thepage bitmap. REPLACE is inteLLded to

ed for
written

xternal

e page
ing the
ith the

CE.

n this

itmap
2's top

fields

in-Figure 32 and described below:
\ \ \ \ \ \ \
dSymbol Symbol dictionary Symbol dictionary SDNUMEXSYMS SDNUMNEWSY
lcﬁl;)g:ry AT flags refinement AT flags MS

Figure 32 — Symbol dictionary segment data header structure

Symbol dictionary flags — see 7.4.2.1.1.

Symbol dictionary AT flags — see 7.4.2.1.2.

Symbol dictionary refinement AT flags — see 7.4.2.1.3.
SDNUMEXSYMS — see 7.4.2.1 4.
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SDNUMNEWSYMS —see 7.4.2.1.5.

7.4.2.1.1 Symbol dictionary flags

This two-byte field is formatted as shown in Figure 33 and as described below:

Reserved SORTEM SDTEMPLAT E(i)tdnilgg Eég?ﬁg SPHUFF SPHUFY. SpHUFFDW ~ SDHUFFDH SPREF
Must be 0 LATE E context context AGGINS BMSIZE selection selection AGG
N AN NN A A N N NI R A
15 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Figure 33 — Symbol dictionary flags field structure
Bit 0 SDHUFF
If this bit is 1, then the segment uses the Huffman encoding variant. If this bit is 0, then the segment uses
the arithmetic encoding variant. The setting of this flag determines how the data inythis segmgnt are
encoded, and may also modify the order in which some of the data are encoded.
Bit 1 SDREFAGG
If this bit is 0, then no refinement or aggregate coding is used in this segments If this bit is 1, then every
symbol bitmap is refinement/aggregate coded.
Bit 2-8 SDHUFFDH selection. This two-bit field can take on one of three values, indicating which table i§ to be
used for SDHUFFDH
0 Table B.4
1 Table B.5
3 User-supplied table
The value 2 is not permitted.
If SDHUFGF is 0 then this field must contain the value 0.
Bits 45 SDHUFFDW selection. This two-bit field\can take on one of three values, indicating which table i to be
used for SDHUFFDW.
0 Table B.2
1 Table B.3
3 User-supplied table
The value 2 is not permitted.
If SDHUFF is 0 thenjthis field must contain the value 0.
Bit 6 SDHUFFBMSIZE selection.
If this fieldis 0 then Table B.1 is used for SDHUFFBMSIZE. If this field is 1 then a user-suppliedl table
is used for' SDHUFFBMSIZE.
[SDHUFF is 0 then this field must contain the value 0.
Bit 7 SDHUFFAGGINST selection.
If this field is 0 then Table B.1 is used for SDHUFFAGGINST. If this field is 1 then a user-supplied
Tabic is used for SDHUFFAGGINST.
If SDHUFF is 0 or SDREFAGG is 0 then this field must contain the value 0.
Bit 8 Bitmap coding context used.
If SDHUFF is 1 and SDREFAGG is 0 then this field must contain the value 0.
Bit 9 Bitmap coding context retained.
If SDHUFF is 1 and SDREFAGG is 0 then this field must contain the value 0.
Bits 10-11 SDTEMPLATE
This field controls the template used to decode symbol bitmaps if SDHUFF is 0. If SDHUFTF is 1, this
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Bit 12

Bits 13-15

SDRTEMPLATE

This field controls the template used to decode symbol bitmaps if SDREFAGG is 1. If SDREFAGG is
0, this field must contain the value 0.

Reserved; must be 0.

7.4.2.1.2 Symbol dictionary AT flags

ISO/IEC 14492:2019 (E)

This field is only present if SDHUFF is 0. If SDTEMPLATE is 0, it is an eight-byte field, formatted as shown in
Figure 34 and as described below.

SDATX,

SDATY,

SDATX,

SDATY,

SDATX,

SDATY;

SDATX,

SDATY,

Byte (
Byte ]
Byte 2
Byte 3
Byte 4
Byte 1
Byte ¢

Byte 7

If SDTEMPLATE is 1, 2 or 3, it is a two-byte field formatted.as'shown in Figure 35 and as described below.

Byte (
Byte ]

If SDTEMPLATE is 1, 2 or @ then the values of SDATX; through SDATX,4 and SDATY; through SDATY4

Z€ro.

The A[T coordinate X .and 'Y fields are signed values, and may take on values that are permitted according to Figur

7.4.2.]

This f]
Figurd

Figure 34 — Symbol dictionary AT flags field structure when SDTEMPLATE is 0

SDATX,
SDATY,
SDATX,
SDATY,
SDATX;
SDATY;
SDATX,
SDATY,

SDATX,

SDATY,

Figure 35 — Symbol dictionary AT flags field structure when SDTEMPLATE is not 0

SDATX;
SDATY;

.3 Symbel'dictionary refinement AT flags

eld is.only present if SDREFAGG is 1 and SDRTEMPLATE is 0. It is a four-byte field, formatted as sh

367and as described below.

are all

e 7.

wn in

Byte 0
Byte 1
Byte 2
Byte 3

© ISO/IEC 2019 - All rights reserved

SDRATX,

SDRATY,

SDRATX,

SDRATY,

Figure 36 — Symbol dictionary refinement AT flags field structure

SDRATX,
SDRATY;
SDRATX,
SDRATY,
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The AT coordinate X and Y fields are signed values, and may take on values that are permitted according to 6.3.5.3.

7.4.2.1.4 Number of exported symbols (SDNUMEXSYMS)

This four-byte field contains the number of symbols exported from this dictionary.

It is very useful for the decoder to be able to find out easily how many symbols are present —

to allocate an array of structures before beginning to decode the dictionary.

7.4.2.1.5 Number of new symbols (SDNUMNEWSYMS)

This four-byte field contains the number of symbols defined in this dictionary.

NOTE — SDNUMEXSYMS and SDNUMNEWSYMS are often, but not always, the same value. For example, if a dictionary re-
exports some of the symbols that it 1mported from drctlonarres that it refers to, then the dlctronary effectlvely coples those

for example, it might want

7.4.2.]

Set th¢

to the
four H
suppli
referre
accord

Ifa us
If a us
be cap

EXAN
and S
refer t
segmg

7.4.2.]
A syn

ference comes from the pos51b111ty that a dlctronary deﬁnes some syrnbols that 1t does not export

.6 Symbol dictionary segment Huffman table selection

values of the parameters SDHUFFDH, SDHUFFDW, SDHUFFBMSIZE and SDHUFFAGGINST acc
selection fields shown in 7.4.2.1.1, and the tables segments referred to by this segment. More*precisely, o
[uffman tables, some may be specified to use some standard table, and some may be Spécified to use ¢
bd table. The number specified to use a user-supplied table must be equal to the fumber of tables seg
d to by this segment. These tables segments are matched up with the Huffman tables-using user-supplied
ing to the order in which the tables segments are referred to, and the order:

1) SDHUFFDH

2) SDHUFFDW

3) SDHUFFBMSIZE
4) SDHUFFAGGINST

er-specified table is used for SDHUFFDW, then this table mustbe capable of coding the out-of-band value
er-specified table is used for SDHUFFDH, SDHUFFBMSIZE or SDHUFFAGGINST, then this table m
able of coding the out-of-band value OOB.

DHUFFBMSIZE are specified to use standard_tables (Tables B.2 and B.1 respectively), then this segmen
b exactly two tables segments; the tables segmient that is referred to first is used for SDHUFFDH and the
nt that is referred to second is used for SDHUFFAGGINST.

Decoding a symbol dictionary segment
bol dictionary segment is decoded\according to the following steps:
1) Interpret its header{asdescribed in 7.4.2.1.

2) Decode (or retrieve the results of decoding) any referred-to symbol dictionary and tables segments.

coding statistics for the generic region and generic refinement region decoding procedures to the
that they-Contained at the end of decoding the last-referred-to symbol dictionary segment. That s
dictignary segment's symbol dictionary segment data header must have had the "bitmap coding g
fetained" bit equal to 1. The values of SDHUFF, SDREFAGG, SDTEMPLATE, SDRTEMPI

corresponding values from the symbol dictionary whose context values are being used.

and all of the AT locations (both direct and refinement) for this symbol dictionary must matg¢

brding
these
user-
ments
tables

OOB.
st not

PLE — If SDHUFFDH and SDHUFFAGGINST (are specified to use user-supplied tables, and SDHUFFDW

[ must
tables

3) If the "bitmap.coding context used" bit in the header was 1, then, as described in E.3.8, set the arithmetic

values
ymbol
ontext
ATE,
h the

£ 0y 1. 4 RTTI RPN +1 1 1 A 1 1 1 T w2 W ]
=) 11 UIC DIUlap COUIIlE COIITAL USTU UIL HI UIT TITAUCT WdS U, UICIL, 45 UCTSUIIOCU T E.5. 7, TTSTL

all the

arithmetic coding statistics for the generic region and generic refinement region decoding procedures to

Z€10.

5) Reset the arithmetic coding statistics for all the contexts of all the arithmetic integer coders to zero.

6) Invoke the symbol dictionary decoding procedure described in 6.5, with the parameters to the symbol

dictionary decoding procedure set as shown in Table 31.

7) If the "bitmap coding context retained" bit in the header was 1, then, as described in E.3.8, preserve the
current contents of the arithmetic coding statistics for the generic region and generic refinement region

decoding procedures.

NOTE — Step 3) is intended to reduce the coding costs of symbol dictionaries. A side-effect of decoding a symbol dictionary is
that the arithmetic coding statistics used for coding bitmaps "learn" the approximate statistics of the symbols in that symbol
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dictionary. These two steps (3 and 7) allow some limited reuse of these statistics: the statistics learned when decoding the symbol
dictionary, that is the last symbol dictionary referred to, are used as a starting point for decoding this symbol dictionary.

Step 7) is explicitly present because not every symbol dictionary's arithmetic coding statistics will be used by another dictionary.
Knowing that they will not be used allows the decoder to discard them, reducing memory usage.

Table 31 — Parameters used to decode a symbol dictionary segment

Name Value

SDHUFF As shown in 7.4.2.1.1.

SDREFAGG As shown in 7.4.2.1.1.

SDNPMINSYMS The total number 0T exporied symbols from all the symbol dictionary segments |

referred to by this segment.
SDINSYMS Concatenate the exported symbol arrays from all the symbol dictionary segments
referred to by this segment, in the order in which they are referred to,

SDNIUMNEWSYMS As shown in 7.4.2.1.5.

SDNUMEXSYMS As shown in 7.4.2.1.4.

SDHUFFDH See 7.4.2.1.6.

SDHUFFDW See 7.4.2.1.6.

SDHUFFBMSIZE See 7.4.2.1.6.

SDHUFFAGGINST See 7.4.2.1.6.

SDTEMPLATE See 7.4.2.1.1.

SDATX, See 7.4.2.1.2.

SDATY, See 7.4.2.1.2.

SDATX, See 7.4.2.1.2.

SDATY, See 7.4.2.1.2.

SDATX; See 7.4.2.1.2.

SDATY; See 7.4.2.1.2.

SDATX, See 7.4.2.1.2.

SDATY, See 7.4.2.1.%

SDRTEMPLATE See 7.4,2-1.

SDRATX, See 714213,

SDRATY; See 7.4.2.1.3.

SDRATX, See 7.4.2.1.3.

SDRATY, See 7.4.2.1.3.
7.4.3 Text region segment-syntax
The dhta parts of all thre€of the text region segment types ("intermediate text region", "immediate text region" and
"immgdiate lossless text’region") are coded identically, but are acted upon differently, see 8.2. The syntax of these
segmgnt types' datd parts is specified here.
7.4.3.1 Textregion segment data header
The dfta-part of a text region segment begins with a text region segment data header. This header contains the]| fields
shownlin Fignre 37 and described bhelow

Region segment information field — see 7.4.1.

Text region segment flags — see 7.4.3.1.1.

Text region segment Huffman flags — see 7.4.3.1.2.

Text region segment refinement AT flags — see 7.4.3.1.3.
SBNUMINSTANCES —see 7.4.3.1.4.

Text region segment symbol ID Huffman decoding table — see 7.4.3.1.5.
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Region segment ‘ Text region Text region ‘ ‘ ‘ Text region
information Text region segment segment refinement segment symbol ID
field segment Huffman flags AT flags SBNUMINSTANCES Huffman decoding table
flags

Figure 37 — Text region segment data header

7.4.3.1.1 Text region segment flags

This two-byte field is formatted as shown in Figure 38 and as described below.

SBR-
SBDEF- TRANS- SBREEF- SNHUF
’II“EA?]P;- SBDSOFFSET PIXEL SBCOMBOP POSED REFCORNER LOGSBSTRIPS INE F
| | | | ‘ ‘ | ‘ ‘ | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Figure 38 — Text region flags field structure
Bit 0 SBHUFF
If this bit is 1, then the segment uses the Huffman encoding variant. Jf-this bit is 0, then the segmemt uses
the arithmetic encoding variant. The setting of this flag determihes* how the data in this segmdgnt are
encoded.
Bit 1 SBREFINE
If this bit is 0, then the segment contains no symbol instance refinements. If this bit is 1, then the sggment
may contain symbol instance refinements.
Bits 2{3 LOGSBSTRIPS
This two-bit field codes the base-2 logarithm of the strip size used to encode the segment. Thuq, strip
sizes of 1, 2, 4, and 8 can be encoded.
Bits 415 REFCORNER. The four values that this two-bit field can take on are:
0 BOTTOMLEFT
1 TOPLEFT
2 BOTTOMRIGHT
3 TOPRIGHT
NQTE — The best compression is\usually achieved when the reference point of each symbol is on the text baseline. Given that
text can run in any of eight ditections, there needs to be some flexibility in which corner of a given symbol is used|as the
refprence point.
Bit 6 TRANSPOSED
If thisbit is 1, then the primary direction of coding is top-to-bottom. If this bit is 0, then the pfimary
direction of coding is left-to-right. This allows for text running up and down the page.
Bits 748 SBCOMBOP. This field has four possible values, representing one of four possible combination
operators:
0 OR
1 AND
2 XOR
3 XNOR
Bit 9 SBDEFPIXEL

This bit contains the initial value for every pixel in the text region, before any symbols are drawn.

Bits 10-14  SBDSOFFSET

Bit 15

60

This signed five-bit field contains the value of SBDSOFFSET — see 6.4.8.
SBRTEMPLATE
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This field controls the template used to decode symbol instance refinements if SBREFINE is 1. If
SBREFINE is 0, this field must contain the value 0.

7.4.3.1.2 Text region segment Huffman flags
This field is only present if SBHUFF is 1.

This two-byte field is formatted as shown in Figure 39 and as described below.

SBHUFF-
Reserved RSIZE
Must be 0 .
selection

SBHUFFRDY SBHUFFRDX SBHUFFRDH SBHUFFRDW SBHUFFDT SBHUFFDS SBHUFFFS
selection selection selection selection selection selection selection

Bits 0t1

Bits 2{3

Bits 415

Bits 67

Bits 89

13 12 11 10 9 8 7 6 5 4 3 2 I 0

Figure 39 — Text region Huffman flags field structure

SBHUFFFS selection. This two-bit field can take on one of three values, indicatingiwhich table i3 to be
used for SBHUFFFS.

0 Table B.6
1 Table B.7
3 User-supplied table

The value 2 is not permitted.

SBHUFFDS selection. This two-bit field can take on one of four values, indicating which table i§ to be
used for SBHUFFDS.

0 Table B.8

1 Table B.9

2 Table B.10

3 User-supplied table

SBHUFFDT selection. This two-bit field.€an take on one of four values, indicating which table i§ to be
used for SBHUFFDT.

0 Table B.11
1 Table B.12
2 Table B.13
3 User-supplied table

SBHUFFRDW selection. This two-bit field can take on one of three values, indicating which table is to
be used for SBHUEFRDW.

0 Table B.14
1 Table Bc1S
3 User-Supplied table

The'yalue 2 is not permitted. If SBREFINE is 0 then this field must contain the value 0.

SBHUFFRDH selection. This two-bit field can take on one of three values, indicating which table is to
be used for SBHUFFRDH.

0 Table B.14

Bits 10-11

1 Table B.15
3 User-supplied table

The value 2 is not permitted. If SBREFINE is 0 then this field must contain the value 0.

SBHUFFRDX selection. This two-bit field can take on one of three values, indicating which table is to
be used for SBHUFFRDX.

0 Table B.14
1 Table B.15
3 User-supplied table

The value 2 is not permitted. If SBREFINE is 0 then this field must contain the value 0.
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Bits 12-13 SBHUFFRDY selection. This two-bit field can take on one of three values, indicating which table is to
be used for SBHUFFRDY.
0 Table B.14
1 Table B.15
3 User-supplied table
The value 2 is not permitted. If SBREFINE is 0 then this field must contain the value 0.
Bit 14 SBHUFFRSIZE selection. If this field is 0 then Table B.1 is used for SBHUFFRSIZE. If this field is 1
then a user-supplied table is used for SBHUFFRSIZE. If SBREFINE is 0 then this field must contain
the value 0.
Bit 15 Reserved; must be 0.
7.4.3.1.3 Text region refinement AT flags
This fleld is only present if SBREFINE is 1 and SBRTEMPLATE is 0. It is a four-byte field, formatted\as sh¢wn in
Figurq 40 and as described below.
SBRATYX, | SBRATY, | SBRATX; | SBRATY,
Figure 40 — Text region refinement AT flags field strueture
Byte () SBRATX;
Byte 1 SBRATY;
Byte 2 SBRATX)
Byte 3 SBRATY,
The A[T coordinate X and Y fields are signed values, and may; take on values that are permitted according to 6.3.5]3.
7.4.3.1.4 Number of symbol instances (SBNUMINSTANCES)
This fpur-byte field contains the number of symbo] instances coded in this segment.
7.4.3.1.5 Text region segment symbol ID-Huffman decoding table
This fiield contains a coded version of the Huffman codes used to decode symbol instance IDs in the text fegion
decod|ng procedure. It is decoded as,spe¢ified in 7.4.3.1.7. It is only present if SBHUFF is 1.
7.4.3.1.6 Text region segment Huffman table selection
Set the values of the parameters SBHUFFFS, SBHUFFDS, SBHUFFDT, SBHUFFRDW, SBHUFHRDH,

SBHUFFRDX, SBHUFERDY and SBHUFFRSIZE according to the selection fields shown in 7.4.3.1.2, and the

segm

standard table, and.some may be specified to use a user-supplied table. The number specified to use a user-sy

table

with the Huffman tables using user-supplied tables according to the order in which the tables segments are refer]
and thg order

ts referred to by this segment. More precisely, of these eight Huffman tables, some may be specified to usg

tables
some
pplied

ust be equal to the number of tables segments referred to by this segment. These tables segments are matched up

Fed to,

1) SBHUFFFS

62

2) SBHUFFDS

3) SBHUFFDT

4) SBHUFFRDW
5) SBHUFFRDH
6) SBHUFFRDX
7) SBHUFFRDY
8) SBHUFFRSIZE
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If a user-specified table is used for SBHUFFDS, then this table must be capable of coding the out-of-band value OOB.
If a user-specified table is used for SBHUFFFS, SBHUFFDT, SBHUFFRDW, SBHUFFRDH, SBHUFFRDX,
SBHUFFRDY or SBHUFFRSIZE then this table must not be capable of coding the out-of-band value OOB.

7.4.3.1.7 Symbol ID Huffman table decoding

This table is encoded as SBNUMSYMS symbol ID code lengths; the actual codes in SBSYMCODES are assigned
from these symbol ID code lengths using the algorithm in B.3.

The symbol ID code lengths themselves are run-length coded and the runs Huffman coded. This is very similar to the
"zIlib" coded format documented in RFC 1951, though not identical. The encoding is based on the codes shown in
Table 29.

Decoding a symbol ID Huffman table proceeds as follows:

1) Read the code lengths for RUNCODEO through RUNCODE34; each is stored as a four-bit value:

2) Given the lengths, assign Huffman codes for RUNCODEO through RUNCODE34 using the, algprithm
in B.3.

3) Read a Huffman code using this assignment. This decodes into one of RUNCODEO through
RUNCODE34. If it is RUNCODE32, read two additional bits. If it is RUNCODE33, read| three
additional bits. If it is RUNCODE34, read seven additional bits.

4) Interpret the RUNCODE code and the additional bits (if any) according/to-Table 29. This givies the
symbol ID code lengths for one or more symbols.

5) Repeat steps 3) and 4) until the symbol ID code lengths for all SBNUMSYMS symbols hav¢ been
determined.

6) Skip over the remaining bits in the last byte read, so that the actualtext region decoding procedure pegins
on a byte boundary.

7) Assign a Huffman code to each symbol by applying the algorithm in B.3 to the symbol ID code lpngths
just decoded. The result is the symbol ID Huffman table- SBSYMCODES.

Table 32 — Meaning of the run codes

RUNCODEO Symbol ID codexength is 0
RUNCODEI1 Symbol ID cedélength is 1
RUNCODE2 Symbol{D,eode length is 2
RUNCODE3 Symbol.ID code length is 3
RUNCODE4 Symibol ID code length is 4
RUNCODES5S Symbol ID code length is 5
RUNCODE®6 Symbol ID code length is 6
RUNCODE7 Symbol ID code length is 7
RUNCQDES Symbol ID code length is 8
RUNCGODE9 Symbol ID code length is 9
RUNCODE10 Symbol ID code length is 10
RUNCODEI11 Symbol ID code length is 11
RUNCODEI12 Symbol ID code length is 12
RINCODEL3 Q}mkn] D code lenath 1c 13
RUNCODE14 Symbol ID code length is 14
RUNCODEL15 Symbol ID code length is 15
RUNCODEL16 Symbol ID code length is 16
RUNCODEL17 Symbol ID code length is 17
RUNCODEI18 Symbol ID code length is 18
RUNCODE19 Symbol ID code length is 19
RUNCODE20 Symbol ID code length is 20
RUNCODE21 Symbol ID code length is 21
RUNCODE22 Symbol ID code length is 22
RUNCODE23 Symbol ID code length is 23

© ISO/IEC 2019 - All rights reserved
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Table 32 — Meaning of the run codes

EXAN

These

Interp;

symbol ID code lengths might be transmitted as the sequence*of’bytes, in hexadecimal:

retation of this sequence of bytes can be separated into the following three steps:
1) The first 17 bytes plus_the first four bits of the 18th byte assign code lengths to the 35 run cofles as

RUNCODE24 Symbol ID code length is 24

RUNCODE25 Symbol ID code length is 25

RUNCODE26 Symbol ID code length is 26

RUNCODE27 Symbol ID code length is 27

RUNCODE28 Symbol ID code length is 28

RUNCODE29 Symbol ID code length is 29

RUNCODE30 Symbol ID code length is 30

RUNCODE31 Symbol ID code length is 31

RUNCODE32 Copy the previous symbol ID code length 3-6 times. The next two bits,
plus 3, indicate this repeat length.

RUNCODE33 Repeat a symbol ID code length of 0 for 3-10 times. The next three bits,
plus 3, indicate this repeat length.

RUNCODE34 Repeat a symbol ID code length of 0 for 11-138 times. The next sevenhbits,
plus 11, indicate this repeat length.

[PLE 1 — Suppose that SBNUMSYMS is 32 and the symbol ID code lengths forthese 32 symbols are, in order:

0x50 0x03 0x35 0x32 0x58 0x00 0x00 0x00 0x00
0x00 0x00 O0x00 O0Ox00 0x00 0x00 O0x00 0x35 O0xO0F
0x8B 0x30 0x9E 0xXBS8 O0x5F O0x1D 0xD2 0x83 0x00

follows:

64

RUNCODEO 5 RUNCODEI1 0 RUNCODE2 0
RYUNCODE3 3 RUNCODE4 3 RUNCODES5 5
RUNCODE6 3 RUNCODE7 2 RUNCODES 5
RUNCODE9 3 RUNCODE10 0 RUNCODEI11 0
RUNCODEI12 0 RUNCODE13 0 RUNCODE14 0
RUNCODE15 0 RUNCODE16 0 RUNCODE17 0
RUNCODE18 0 RUNCODE19 0 RUNCODE20 0
RUNCODE21 0 RUNCODE22 0 RUNCODE23 0
RUNCODE24 0 RUNCODE25 0 RUNCODE26 0
RUNCODE27 0 RUNCODE28 0 RUNCODE29 0
RUNCODE30 0 RUNCODE31 0 RUNCODE32 3
RUNCODE33 5 RUNCODE34 0

Recall that codes that are not used are assigned a symbol ID code length of zero.

2) The algorithm of B.3 assigns the following Huffman codes to the run codes (run codes that are not
assigned Huffman codes are omitted).

Rec. ITU-T T.88 (08/2018)
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RUNCODEO 11100 RUNCODE3 010 RUNCODE4 011
RUNCODES5S 11101 RUNCODE6 100 RUNCODE7 00
RUNCODES 11110 RUNCODE9 101 RUNCODE32 110
RUNCODE33 11111

3) The remaining part of the byte sequence is:

O0xF 0x8B 0x30 0x9E 0xB8 0x5F 0x1D 0xD2 0x83 0x00

where half of the first byte has already been consumed. Decoding this sequence using these Huffman
codes provides the following results:

11111 000 RUNCODE33(0) — that is, RUNCODE33 followed by three bits containing the valuecQ,~indichting a
run of three zero lengths

101 RUNCODE9
100 RUNCODE6
110 00 RUNCODE32(0) — that is, RUNCODE32 followed by two bits containing’the value 0
010 RUNCODE3
011 RUNCODE4
11010 RUNCODE32(2)
11100 RUNCODEO
00 RUNCODE7?
101 RUNCODE9
11110 RUNCODES
00 RUNCODE7?
11101 RUNCODES
110 10 RUNCODE32(2)
010 RUNCODE3
100 RUNCODEG6
00 RUNCODE7
011 RUNCODE4
00 RUNCODE7
00 'RUNCODE?7
0000 Four bits of padding to fill the last byte.

4)  After interpreting the run codes according to Table 32, the desired sequence of symbol ID code lengths is
decoded.

EXAMPLE 2 — This example describes how an encoder might generate an encoded symbol ID Huffman table. The
symbol ID table is identical to that in the previous example.

Suppose that a text region refers to a dictionary containing 32 symbols, and that each symbol is used as follows:

0 0 1 8 8 8 8 64 | 32 | 32 | 32 | 32 | 32 | 32
4 16 16 16 16 16 16 | 64 8 4 32 | 4
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For example, the first, second and third symbols in the symbol dictionary are not used at all, the fourth symbol is used
once, the fifth symbol is used eight times, and so on.

Table 33 then shows, from right to left, the progression of the encoding.

Table 33 — Example of symbol ID Huffman table encoding

Symbol Use count Syml;:lllglgl code Runs RUNCODE:s

Symbol #1 0 0 Length 3 run of 0 RUNCODE33(0)
Symhal #2 0 )

SymHol #3 0 0

Symbol #4 1 9 Length 1 run of 9 RUNCODE9
SymbHol #5 8 6 Length 4 run of 6 RUNCODEG6
Symbol #6 8 6 RUNCOBE32(0)
Symbol #7 8 6

Symbjol #8 8 6

Symbol #9 64 3 Length 1 run of 3 RUNCODE3
Symlol #10 32 4 Length 6 run of 4 RUNCODE4
Symbol #11 32 4 RUNCODE32(2)
Symbol #12 32 4

Symbol #13 32 4

Symbol #14 32 4

Symbol #15 32 4

Symbol #16 0 0 Length 1 run of 0 RUNCODEO
Symbjol #17 4 7 Length 1 run of 7 RUNCODE?
Symbol #18 1 9 Length 1 run of 9 RUNCODE9
Symlol #19 2 8 Length 1 run of 8 RUNCODES
Symbol #20 4 7 Length 1 run of 7 RUNCODE?
Symbol #21 16 bt Length 6 run of 5 RUNCODES
Symbol #22 16 5 RUNCODE32(2)
Symbol #23 16 5

SymHol #24 16 5

Symbol #25 16 5

Symbol #26 16 5

Symbol #27 64 3 Length 1 run of 3 RUNCODE3
Symbol #28 6 Length 1 run of 6 RUNCODEG6
Symbol #29 4 7 Length 1 run of 7 RUNCODE?
Symbol #30 32 4 Length 1 run of 4 RUNCODE4
Symbol #3 1 7 Length 2 run of 7 RUNCODE?
Symbol-#32 4 7 RUNCODE7

Using a standard Huffman tree algorithm, the code lengths shown in the "Symbol ID code length" column are assigned
to the symbols (where a symbol ID code length of 0 represents "unused"). Next, those code lengths are grouped into
runs, as shown in the "Runs" column. Following that, each run is expressed as one or more RUNCODEs, each one
potentially with some extra bits. For example, RUNCODE32(2) represents RUNCODE32, followed by two bits
encoding the value "2", meaning "Copy the previous symbol ID code length 5 times".

Once that has been done, the number of times each RUNCODE is used is counted. These counts are as follows (unused
RUNCODE:s are not shown):
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RUNCODEO 1 RUNCODE3 RUNCODE4 2
RUNCODES5 1 RUNCODE6 RUNCODE7 5
RUNCODES8 1 RUNCODE9 RUNCODE32
RUNCODE33 1

RUNCODEO 5 RUNCODE3 3 RUNCODE4
RUNCODES5 5 RUNCODE6 3 RUNCODE7
RUNCODES 5 RUNCODE9 3 RUNCODE32
RKUNCUDESS5 )

The algorithm of B.3 assigns the following Huffman codes to the run codes:

RUNCODEO 11100 RUNCODE3 010 RUNCODE4 011
RUNCODES 11101 RUNCODE6 100 RUNCODE7 00
RUNCODES 11110 RUNCODE9 101 RUNCODE32 110
RUNCODE33 11111

and these Huffman codes are then used to encode the "RUNCODEs" column of Table 33:

11111 000 RUNCODE33(0)
101 RUNCODE9
100 RUNCODES6

110 00 RUNCODE32(0)
010 RUNCODE3
011 RUNCODE4

11010 RUNCODE32(2)

11100 RUNCODEO
00 RUNCODE?
101 RUNCODEQ

11110 RUNCODES
00 ROUNCODE7?

1110X )RUNCODE5

110 RUNCODE32(2)
010 RUNCODE3
100 RUNCODE6
00 RUNCODE7?
011 RUNCODE4
00 RUNCODE?
00 RUNCODE?

The encoder now emits the encoded RUNCODE code lengths, followed by the sequence of RUNCODEs, plus four bits
of padding to fill the last byte, yielding the sequence of bytes:
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0x50

0x00

0x8B

0x03 0x35 0x32 0x53 0x00 0x00 0x00 0x00
0x00 0x00 O0x00 0x00 O0x00 O0x00 0x35 O0OxO0F
0x30 0x9E 0xBS8 0x5F O0x1D 0xD2 0x83 0x00

7.4.3.2 Decoding a text region segment

A text region segment is decoded according to the following steps:

1) Interpret its header, as described in 7.4.3.1.

2) Decode (or retrieve the results of decoding) any referred-to symbol dictionary and tables segments.

3) Asdescribed in E.3.7, reset all the arithmetic coding statistics to zero.
4) Invoke the text region decoding procedure described in 6.4, with the parameters to the“text fegion
decoding procedure set as shown in Table 34.
Table 34 — Parameters used to decode a text region segment
Name Value
SBHUFF As shown in 7.4.3.1.1.
SBREFINE As shown in 7.4.3.1.1.
SBDEFPIXEL As shown in 7.4.3.1.1.
SBCOMBOP As shown in 7.4.3.1.1.
TRANSPOSED As shown in 7.4.3.1.1.
REFCPRNER As shown in 7.4.3.1.1.
SBDSQFFSET As shown in 7.4.3.1.1.
SBW As specified by the region segment-bitmap width in this segment's region segment data headef.
SBH As specified by the region segment bitmap height in this segment's region segment data headef.
SBNUMINSTANCES As shown in 7.4.3.1.4.
SBSTRIPS 2LOGSBSTRIPS
SBNUMSYMS The total number-oflexported symbols in all the symbol dictionary segments referred to by thi
segment.
SBSYMCODES As specifiediin 7.4.3.1.7.
SBSYVMICODELEN [log, SBNUMSYMS |
SBSYMS Concaténate the exported symbol arrays from all the symbol dictionary segments referred to bly this
segment, in the order in which they are referred to.
SBHUFFFS See 7.4.3.1.6.
SBHUFFDS See 7.4.3.1.6.
SBHUFFDT See 7.4.3.1.6.
SBHUFFRDW See 7.4.3.1.6
SBHUFFRDH See 7.4.3.1.6.
SBHUFFRDX See 7.4.3.1.6.
SBHUFFRDY SeeF43+56
SBHUFFRSIZE See 7.4.3.1.6.
SBRTEMPLATE As shown in 7.4.3.1.1.
SBRATX, See 7.4.3.1.3.
SBRATY, See 7.4.3.1.3.
SBRATX, See 7.4.3.1.3.
SBRATY, See 7.4.3.1.3.
COLEXTFLAG A parameter indicating whether the generic region segment is extended to represent coloured bitmap.
SBCOLS Concatenation of the default colour set and the additional colours from the colour palette segments
referred to by this segment.
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Pattern dictionary segment syntax

7.4.4.1 Pattern dictionary segment data header

19 (E)

A pattern dictionary segment's data part begins with a pattern dictionary segment data header, formatted as shown in
Figure 41 and as described below.

Pattern

dictionary HDPW HDPH
flags GRAYMAX

- 4 p licti head

Pattey

HDPI’ —see 7.4.4.1.2.

n dictionary flags —see 7.4.4.1.1.

HDPH — see 7.4.4.1.3.
GRAYMAX —see 7.4.4.1.4.
7.4.4.1.1 Pattern dictionary flags
This opne-byte field is formatted as shown in Figure 42 and as described below.
Bit 0 HDMMR

If this bit is 1, then the segment uses the MMR encoding variant. If this bit is 0, then the segment uges the

arithmetic encoding variant.
Bits 112 HDTEMPLATE

This field controls the template used to decode patterns if HDMMR is 0. [f HDMMR is 1, this field

must contain the value 0.
Bits 317 Reserved; must be 0.

Reserved HDTEMPLATE HDMMR
Must be*0
7 (6} 5 4 3 2 1 0
Figure 42 — Pattern dictionary flags field structure

7.4.4.1.2 Width of the patterns in the pattern dictionary (HDPW)
This dne-byte ficld\contains the width of the patterns defined in this pattern dictionary. Its value must be greatdr than
Zero.
7.4.4.1.3 A Height of the patterns in the pattern dictionary (HDPH)
This one-byte—field-containsthe-height-ofthe-patterns-defined—in-this-pattern-dictionary—tHs—value-must- be—greater than
Zero.

7.4.4.1.4 Largest gray-scale value (GRAYMAX)

This four-byte field contains one less than the number of patterns defined in this pattern dictionary.

7.4.4.2 Decoding a pattern dictionary segment

A pattern dictionary segment is decoded according to the following steps:

1) Interpret its header, as described in 7.4.4.1.

2) Asdescribed in E.3.7, reset all the arithmetic coding statistics to zero.
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3) Invoke the pattern dictionary decoding procedure described in 6.7, with the parameters to the pattern

dictionary decoding procedure set as shown in Table 35.

Table 35 — Parameters used to decode a pattern dictionary segment

Name Value
HDMMR As shown in 7.4.4.1.1.
HDTEMPLATE As shown in 7.4.4.1.1.
HDPW As shown in 7.4.4.1.2.
HDPH As shown in 7.4.4.1.3.
GRAYMAX As shown in 7.4.4.1.4.
7.4.5 Halftone region segment syntax

The dpta parts of all three of the halftone region segment types ("intermediate halftone region", "immediate hglftone
region' and "immediate lossless halftone region") are coded identically, but are acted upon differently, see 8.2. The

syntay of these segment types' data parts is specified here.

7.4.5.1 Halftone region segment data header

The djta part of a halftone region segment begins with a halftone region segment data headet. This header contafns the
fields phown in Figure 43 and described below.

Region segment
information field

Halftone region
segment flags

Halftone grid

b X Halftone grid vector
position and)size

Figure 43 — Halftone region segment data header structure
Regiop segment information field — see 7.4.1.

Halftgne region segment flags — see 7.4.5.1.1.

Halftgne grid position and size — see 7.4.5.1.2.

Halftgne grid vector —see 7.4.5.1.3.

7.4.5.1.1 Halftone region segment flags

This one-byte field is formatted as shown in Figure 44 and as described below.

HDEF- HENABLE-
PIXEL HCOMBOP P HTEMPLATE HMMR
7 6 5 4 3 2 1 0
Figure 44 — Halftone region segment flags field structure
Bit 0 HMMR

If this bit is 1, then the segment uses the MMR encoding variant. If this bit is 0, then the segment uses the
arithmetic encoding variant.

Bits 1-2 HTEMPLATE
This field controls the template used to decode halftone gray-scale value bitplanes if HMMR is 0. If
HMMR is 1, this field must contain the value 0.

Bit 3 HENABLESKIP
This field controls whether gray-scale values that do not contribute to the region contents are skipped
during decoding. If HMMR is 1, this field must contain the value 0.
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Bits 4-6 HCOMBOP

Bit 7

This field has five possible values, representing one of five possible combination operators:

0 OR

1 AND

2 XOR

3 XNOR

4 REPLACE

HDEFPIXEL

ISO/IEC 14492:2019 (E)

This bit contains the initial value for every pixel in the halftone region, before any patterns are drawn.

7.4.5.1.2__Halftone grid Pneiﬁnn and size

This 1!eld describes the location and size of the grid of gray-scale values. See Figure 26 for an illustration ef
. It is formatted as shown in Figure 45 and as described below.

valueg

HGW
HGH
HGX
HGY
7.4.5.1
This f§
7.4.5.1
This f¢

7.4.5.]
This s

7.4.5.]
This s

7.4.5.]

This field describes’the vector used to draw the grid of gray-scale values. See Figure 26 for an illustration of
. It is formatted as shown in Figure 46 and as described below.

values

HGW HGH

HGX

HGY

—see 7.4.5.1.2.1.

— see 7.4.5.1.2.2.

- see 7.4.5.1.2.3.

- see 7.4.5.1.2.4.

2.1 Width of the gray-scale image (HGW)
2.2 Height of the gray-scale image (HGH)
2.3 Horizontal offset of the grid (HGX)

.24  Vertical offset of the grid (HGY)

.3 Halftone grid vector

ur-byte field contains the width of the array of grayzscale values.

ur-byte field contains the height of the array of gray-scale values.

Figure 45 — Halftone grid position and size field structure

gned four-byte field contains 256 times the horizontal offset of the origin of the halftone grid.

gned four-byte field cofitains 256 times the vertical offset of the origin of the halftone grid.

HRX

HRY

Figure 46 — Halftone grid vector field structure

HRX — See 7.4.5.1.3.1.
HRY —See 7.4.5.1.3.2.

7.4.5.1.3.1

This unsigned two-byte field contains 256 times the horizontal coordinate of the halftone grid vector.

©
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7.4.5.1.3.2  Vertical coordinate of the halftone grid vector (HRY)

This unsigned two-byte field contains 256 times the vertical coordinate of the halftone grid vector.

7.4.5.2 Decoding a halftone region segment

A halftone region segment is decoded according to the following steps:
1) Interpret its header, as described in 7.4.5.1.
2) Decode (or retrieve the results of decoding) the referred-to pattern dictionary segment.
3) Asdescribed in E.3.7, reset all the arithmetic coding statistics to zero.

4) Invoke the halftone region decoding procedure described in 6.6, with the parameters to the halftone
region decoding procedure set as shown in Table 36.

Table 36 — Parameters used to decode a halftone region segment
Name Value
HBW As specified by the region segment bitmap width in this segment's region segment
data header.
HBH As specified by the region segment bitmap height in this'segment's region segmgnt
data header.

HMNIR As shown in 7.4.5.1.1.

HTEMPLATE As shown in 7.4.5.1.1.

HENABLESKIP As shown in 7.4.5.1.1.

HCOMBOP As shown in 7.4.5.1.1.

HDE[FPIXEL As shown in 7.4.5.1.1.

HGW As shown in 7.4.5.1.2.1.

HGH As shown in 7.4.5.1.2.2

HGX As shown in 7.4.5.1:23.

HGY| As shown in 7.451.2.4.

HRX As shown in74.5.1.3.1.

HRY| As showniin 7.4.5.1.3.2.

HNUMPATS The niimber of patterns in the pattern dictionary segment referred to by this segnpent.

HPA[I'S The patterns in the pattern dictionary segment referred to by this segment.

HPW The width, in pixels, of each of the patterns contained in HPATS.

HPH The height, in pixels, of each of the patterns contained in HPATS.
7.4.6 Generic region segment syntax
The dpta parts of all three’ of the generic region segment types ("intermediate generic region”, "immediate generic
region' and "immediate”lossless generic region") are coded identically, but are acted upon differently, see 8.2. The
syntay of these segment types' data parts is specified here.
7.4.6.1 Generic region segment data header
The data part of a generic region segment begins with a generic region segment data header. This header contafns the
fields showminFigure47and-deseribed-betow-

Region segment Generic region Generic region
information field segment flags segment AT flags

Figure 47 — Generic region segment data header structure
Region segment information field — see 7.4.1.
Generic region segment flags — see 7.4.6.2.

Generic region segment AT flags — see 7.4.6.3.
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7.4.6.2 Generic region segment flags

This one-byte field is formatted as shown in Figure 48 and as described below.

Bit 0

ISO/IEC 14492:2019 (E)

EXTTEMPLATE
Reserved — Must be 0 ‘ ‘ TPGDON ‘ GBTEMPLATE MMR
7 6 5 4 3 2 1
Figure 48 — Generic region segment flags field structure
MMR

Bits 1

Bit 3

Bit4

Bits 5

7.4.6.]

This f}
forma

TPGDON

2 GBTEMPLATE

EXTTEMPLATE

L7 Reserved; must be zero.

Generic region segment AT flags

eld is only present if MMR is 0. If GBTEMPLATE is 0 and EXTTEMPLATE is 0, it is an eight-bytq field,
ted as shown in Figure 49 and as described below.

This field specifies whether extended reference template is used.

This field specifies whether typical prediction for generic direct coding is used.

This field specifies the template used for template-based arithmetic coding. If MMR is 1 then this field
must contain the value zero.

GBATX, GBATY, GBATX, GBATY, GBATX; GBATY; GBATX, GBATY,
Figure 49 — Generic region AT flags field structure when GBTEMPLATE is 0
GBATX, | GBATY," | GBATX, | GBATY, | ... |GBATX, | GBATY,,
T.88(18)_F50
Fjgure 50 — Genericreégion AT flags field structure when GBTEMPLATE is 0 and EXTTEMPLATE is|1

If GBTEMPLATE is 0 and EXTTEMPLATE is 1, it is a 32-byte field, formatted as shown in Figure 50 and as
descriped below:

Byte GBATX|
Byte 1 GBATY;
Byte 2 GBATX,
Byte 3 GBATY,
Byte 4 GBATXj3
Byte S GBATY;
Byte 6 GBATXy
Byte 7 GBATY,4
Byte 8 GBATXs

© ISO/IEC 2019 - All rights reserved
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Byte 9 GBATYs
Byte 10 GBATXGs
Byte 11 GBATYs
Byte 12 GBATX~
Byte 13 GBATY~
Byte 14 GBATXs
Byte 15 GBATYs
Byte 16 GBATXo
Byte 17 GBATY»Y
Byte 18 GBATX10
Byte 19 GBATY1o
Byte 20 GBATXu
Byte 21 GBATYu
Byte 32 GBATX12
Byte 23 GBATY12

The A[T coordinate X and Y fields are signed values, and may take on values thatare permitted according to Figurf 7.

If GBTEMPLATE is 1, 2 or 3, it is a two-byte field formatted as shawn“in Figure 51 and as described below. If
GBTEMPLATE is 1, 2 or 3 then the values of GBATXj through GBATX,4 and GBATY; through GBATY4 pre all

Z€10.

GBATX, GBATY,

Figure 51 — Generic region AT flags field structure when GBTEMPLATE is not 0
Byte ( GBATX;

Byte 1 GBATY;
The AT coordinate X and Y fields.are signed values, and may take on values that are permitted according to Figurg 7.

7.4.6.4 Decoding a genericregion segment

A gengric region segment’is decoded according to the following steps:
1) Interpretiits header, as described in 7.4.6.1
2) As.described in E.3.7, reset all the arithmetic coding statistics to zero.

3) <lavoke the generic region decoding procedure described in 6.2, with the parameters to the generic fegion
decoding procedure set as shown in Table 37.

Table 37 — Parameters used to decode a generic region segment

Name Value

MMR As shown in 7.4.6.2.

GBTEMPLATE As shown in 7.4.6.2.

TPGDON As shown in 7.4.6.2.

EXTTEMPLATE As shown in 7.4.6.2.

USESKIP 0

GBW As specified by the region segment bitmap width in this segment's region segment data header.
GBH As specified by the region segment bitmap height in this segment's region segment data header.
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Table 37 — Parameters used to decode a generic region segment

19 (E)

Name Value
GBATXj See 7.4.6.3.
GBATY:1 See 7.4.6.3.
GBATX: See 7.4.6.3.
GBATY: See 7.4.6.3.
GBATX;3 See 7.4.6.3.
GBATY: See 7.4.6.3.
GBATX, See7463
GBA[I'Y4 See 7.4.6.3.
COLEXTFLAG A parameter indicating whether the generic region segment is extended to represent colofired bitmap.
GBCPLS Concatenation of the default colour set and the additional colours from the colour palette’segments
referred to by this segment.
GBA[I'Xs See 7.4.6.3.
GBA[I'Ys See 7.4.6.3.
GBA[I'Xe See 7.4.6.3.
GBA[I'Ys See 7.4.6.3.
GBA|I'X7 See 7.4.6.3.
GBA[I'Y? See 7.4.6.3.
GBA[I'Xs See 7.4.6.3.
GBA[I'Ys See 7.4.6.3.
GBA[I'Xy See 7.4.6.3.
GBA[I'Yy See 7.4.6.3.
GBA|I'X10 See 7.4.6.3.
GBA[I'Y10 See 7.4.6.3.
GBA[I'X11 See 7.4.6.3.
GBA[I'Yu See 7.4.6.3.
GBA[I'X12 See 7.4.6.3.
GBA[l'Y12 See 7.4.6.3.
As a gpecial case, as noted in 7.2.7, an immediate generic region segment may have an unknown length. In this dase, it
is alsq possible that the segment may Contain fewer rows of bitmap data than are indicated in the segment's fegion
segmgnt information field.
In ordpr for the decoder to cortectly decode the segment, it needs to read the four-byte row count field, which is|stored
in the [last four bytes of the'segment's data part. These four bytes can be detected without knowing the length of te data
part ih advance: if MMR/is 1, they are preceded by the two-byte sequence 0x00 0x00; if MMR is 0, they are
preceded by the twoébyt¢ sequence OxFF 0xAC. The row count field contains the actual number of rows contained in
this s¢gment; it must be no greater than the region segment bitmap height value in the segment's region sggment
information field:
NQTE - The'sequence 0x00 0x00 cannot occur within MMR-encoded data; the sequence OxFF OxAC can occur only at the
end of arithmetically-coded data. Thus, those sequences cannot occur by chance in the data that is decoded to generpte the
contents of the generic region.

7.4.7

Generic refinement region syntax

The data parts of all three of the generic refinement region segment types ("intermediate generic refinement region",
"immediate generic refinement region" and "immediate lossless generic refinement region") are coded identically, but
are acted upon differently, see 8.2. The syntax of these segment types' data parts is specified here.

7.4.77.1 Generic refinement region segment data header

The data part of a generic refinement region segment begins with a generic refinement region segment data header. This
header contains the fields shown in Figure 52 and described below.
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Generic
Region segment reﬁne.ment Gene'ric refinement
information field region region segment
segment AT flags
flags

Figure 52 — Generic refinement region segment data header structure
Region segment information field — see 7.4.1.
Generic refinement region segment flags — see 7.4.7.2.

Generic refinement region segment AT flags — see 7.4.7.3.

7.4.7.2—Generic refinement region segment flags

This opne-byte field is formatted as shown in Figure 53 and as described below.

Reserved GRTEMP
Must be 0 TPGRON "y Ay
7 6 5 4 3 2 1 0

Figure 53 — Generic refinement region segment flags field structure
Bit 0 GRTEMPLATE

This field specifies the template used for template-based.arithmetic coding.

Bit 1 TPGRON

This field specifies whether typical prediction for'generic refinement is used.

Bits 2t7 Reserved; must be zero.

7.4.7.3 Generic refinement region segment AT, flags

This flield is only present if GRTEMPLATE$ 0. It is a four-byte field, formatted as shown in Figure 54 and as
descriped below.

GRATX, GRATY, GRATX, | GRATY,

Kigure 54 — Generic refinement region AT flags field structure

Byte () GRATX
Byte 1 GRATY,
Byte 2 GRATX);
Byte 3 GRATY,

The AT coordinate X and Y fields are signed values, and may take on values that are permitted according to 6.3.5.3.

7.4.7.4 Reference bitmap selection

If this segment refers to another region segment, then set the reference bitmap GRREFERENCE to be the current
contents of the auxiliary buffer associated with the region segment that this segment refers to.

If this segment does not refer to another region segment, se¢t GRREFERENCE to be a bitmap containing the current
contents of the page buffer (see clause 8), restricted to the area of the page buffer specified by this segment's region
segment information field.
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7.4.77.5 Decoding a generic refinement region segment

A generic refinement region segment is decoded according to the following steps:

1) Interpret its header as described in 7.4.7.1. If this segment does not refer to another region segment then
its external combination operator must be REPLACE. If it does refer to another region segment, then this
segment's region bitmap size, location, and external combination operator must be equal to that other
segment's region bitmap size, location, and external combination operator.

NOTE - The requirement that the locations and external combination operators match is present to assist decoders that
want to produce images of a page that is only partially decoded: it ensures that the final location and external
combination operator is known for all intermediate segments. These partially-decoded page images are outside the
scope of this Recommendation | International Standard.

2) Asdescribed in E.3.7, reset all the arithmetic coding statistics to zero.

3—Dretermme-thebufferassocrated-withr the regromsegmentthat thissegnment refersto-

4) Invoke the generic refinement region decoding procedure described in 6.3, with the parameters |to the
generic refinement region decoding procedure set as shown in Table 38.

7.4.8 Page information segment syntax
A pagg information segment describes a page. It contains the fields shown in Figure 55 and described below.
Page Iitmap width — see 7.4.8.1.
Page bitmap height — see 7.4.8.2.
Page X resolution — see 7.4.8.3.
Table 38 — Parameters used to decode a generic refinement region segment
Name Value
GRTEMPLATE As shown in 7.4.6.2.
TPGRON As shown in 7.4.6.2.
GRWY As specified by the region segment bitmap width in this segment's region segment
data header.
GRH As specified by the region segment bitmap height in this segment's region segment
data header*
GRR'EFERENCE See 7.4¢7.4.
GRREFERENCEDX 0
GRREFERENCEDY 0
GRATX, See 7.4.7.3.
GRATX, See 7.4.7.3.
GRATY, See 7.4.7.3.
GRATY, See 7.4.7.3.
T T < T T T Page |
segment Page
Pagg bitmap width Page bitmap height Page X resolution Page Y resolution flags striping
information

Figure 55 — Page information segment structure

Page Y resolution —see 7.4.8.4.

Page segment flags — see 7.4.8.5.

Page striping information — see 7.4.8.6.

The first segment that is associated with any page must be a page information segment.

7.4.8.1

Page bitmap width

This is a four-byte value containing the width in pixels of the page's bitmap.
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7.4.8.2 Page bitmap height

This is a four-byte value containing the height in pixels of the page's bitmap. In some cases, this value may not be
known at the time that the page information segment is written. In this case, this field must contain OxFFFFFFFF, and
the actual page height may be communicated later, once it is known.

7.4.8.3 Page X resolution

This is a four-byte value containing the resolution of the original page medium, measured in pixels/metre in the
horizontal direction. If this value is unknown, then this field must contain 0x00000000.

7.4.8.4 PageY resolution

This is a four-byte value containing the resolution of the original page medium, measured in pixels/metre in the vertical

direct

7.4.8.5
This 1

Bit 0

Bit 1

Bit 2

Bits 3

Bit S

Bit 6

O, 11 ThiS vValue 1S UNKNoW, Ten tis fieid mMusSt conain UX00 00000,

Page segment flags

a one-byte field. It is formatted as shown in Figure 56 and as described below.

Page
i Page Page Page Page )
might ag ;
& combination requires Page (.k:fd.u“ default might Page is
gontain operator  auxiliar combination ixel contain eventyally
coloured per Aty operator p - . lossless
segment overridden  buffers value  refinements
| | | | | |
7 6 5 4 3 2 1 0
T.88(18)_F56

Figure 56 — Page segment flags field stcacture

Page is eventually lossless. If this bit is 0, then the file, ddes not contain a lossless representation
original (pre-coding) page. If this bit is 1, then the file:contains enough information to reconstry
original page.

Page might contain refinements. If this bit is, 0y-then no refinement region segment may be assd
with the page. If this bit is 1, then such segmeiits may be associated with the page.

Page default pixel value. This bit contains the initial value for every pixel in the page, before any
segments are decoded or drawn.

-4 Page default combination operdtor! This field has four possible values, representing one of four p
combination operators:

0 OR

1 AND
2 XOR
3 XNOR

This operators used to merge overlapping region segments, and also to combine region segment
the pagé.default pixel value.

Page requires auxiliary buffers. If this bit is 0, then no region segment requiring an auxiliary buffg
be.associated with the page. If this bit is 1, then such segments may be associated with the page.

Page combination operator overridden. If this bit is 0, then every direct region segment associate
this page must use the page's default combination operator. If this bit is 1, then direct region segd

of the
ct the

ciated

Fegion

ssible

s with

T may

 with
ments

Bit 7

associated Wil TS page may USc any COMDINation operators.

Page might contain coloured segment. If this bit is 0, then no segment with colour extension may be
associated with the page. If this bit is 1, then such segments may be associated with the page, and the
background of this page shall be treated as transparent irrespective of the value of bit 2 (Page default

pixel value).

NOTE 1 — All region segments, except for refinement region segments, are direct region segments. Because of the requirements
in 7.4.7.5 restricting the external combination operators of refinement region segments, if this bit is 0, then refinement region
segments associated with this page that refer to no region segments must have an external combination operator of REPLACE,
and all other region segments associated with this page must have the external combination operator specified by this page's
"Page default combination operator".

NOTE 2 - If all the direct region segments associated with a page use the same combination operator, then it is possible to
reorder them to some extent (it is not possible to switch the relative order of any refinement segment). If some of them use
different combination operators, then the decoder is unable do any such reordering. Furthermore, the decoder cannot tell from the
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segment headers whether any such non-default combination operators are used in the page, so this bit indicates that reordering
may be possible, if the decoder wishes to perform it.

7.4.8.6 Page striping information

This is a two-byte field. It is formatted as shown in Figure 57 and as described below.

|
1:3‘?;;; Maximum stripe size
| | | | | | | | | | I | I |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Figure 57 — Page striping information field structure
Bits 0{14 Maximum stripe size
Bit 15 Page is striped

If the|"page is striped" bit is 1, then the page may have end of stripe segments associated with it. In this cage, the
maxinjum size of each stripe (the distance between an end of stripe segment's end row and the)end row of the prgvious
end of stripe segment, or 0 in the case of the first end of stripe segment) must be no mote’than the page's majimum
stripe pize.

If the page's bitmap height is unknown (indicated by a page bitmap height of 0xEFFFFFFF) then the "page is sfriped”
bit must be 1.

7.4.9 End of page segment syntax
An enfl of page segment has no associated data. Its segment data length.field must be zero.

The 1gst segment that is associated with any page must be an end>of page segment. Each page must have exact]y one
end of| page segment associated with it.

If a pgge's height was originally unknown, then there must'be at least one end of stripe segment associated with the
page. [n this case, the end row of that last stripe is theJast row of the page bitmap and no region segment may| occur
betwegn the last end of stripe segment and the end ofipage segment.

7.4.10 End of stripe segment syntax

An end of stripe segment states that the encoder has finished coding a portion of the page with which the segnpent is
associpted, and will not revisit it. It specifies the Y coordinate of a row of the page; no segment following the gnd of
stripe jmay modify any portion of the page bitmap that lines on or above that row; furthermore, no segment pre¢eding
the enfl of stripe may modify any{portion of the page bitmap that lies below that row. This row is called the "endl row"
of the [stripe.

NQTE 1 - In some cases,‘the/decoder may only have a limited amount of buffer memory for the page bitmap, smaller than the
sizg of the page. The dec¢oder needs to be told when it is able to output the current buffer contents and clear the buffer for the next
stripe of the page.

The efpd row specified by an end of stripe segment must lie below any previous end row for that page.

A pagp whose'height was originally unknown must contain at least one end of stripe segment.
NQTE”2.—'An end of stripe segment is used to communicate the size of the page in this case.

Th + dat £ 2| £ st + 1ot £ £ Tt ] P tlhha N7 s 4 £1hn d
(5] Susulvut tata OT a CRG OT St P T SCEMCTIIT COSTIS TS OT O TOUT Oyt vartaC—S P eIty g tnC— Y CoOOTaatC—oTIIC en
row.

NOTE 3 — If a stripe boundary breaks a line of text into two parts, a top part and a bottom part, the characters straddling the stripe
boundary are also broken. One way of handling these straddling characters is to code them with a generic region, or to add the
top halves and bottom halves to a symbol dictionary and use those top and bottom halves as other symbols.

However, if the encoder has more buffer space than the decoder, a more efficient encoding method is possible: the encoder can
(temporarily) ignore the stripe boundary, and generate a list of symbol instances, and a symbol dictionary. It can then encode a
text region in each stripe; the first text region contains all the symbol instances that affect the portion of the page above the stripe
boundary; the second text region contains all the symbol instances that affect the portion below the stripe boundary.

This means that some symbol instances appear twice, both times using the same symbol in the symbol dictionary. The first
appearance encodes the top half of the character, where the bottom half is clipped off by the drawing rules used in the text region
decoding procedure. The second appearance likewise encodes the bottom half of the character: the entire character is encoded,
but the top half'is clipped off. Thus, this encoding method reduces the amount of symbol dictionary data required.

© ISO/IEC 2019 - All rights reserved Rec. ITU-T T.88 (08/2018) 79


https://standardsiso.com/api/?name=cb17c9853cf0baf9cc616b348a23085e

ISO/IEC 14492:2019 (E)

7.4.11

End of file segment syntax

If a file contains an end of file segment, it must be the last segment.

An end of file segment has no associated data. Its segment data length field must be zero.

7.4.12

Profiles segment syntax

A profiles segment contains a list of the profiles that a given JBIG2 data stream is in compliance with. If any profiles
segments are present, then the first segment of the data stream must be a profiles segment, and must not be associated
with any page. Profiles of this Recommendation | International Standard are listed in Annex F.

A profiles segment begins with a four-byte field containing the number of profiles listed. This field is followed by that
many four-byte fields. Each of those fields contains a profile identification number. The data stream must be in
complian‘e with each of the prnﬁlpq listed

More than one profiles segment may be present. If more than one is present, then each one, other than the firstong
be asspciated with a page. No page may have more than one profiles segment associated with it. Alsoseach p
segmgnt past the first one must be more restrictive than the first one; that is, it must list all of the profile.rdentifi
numbgrs listed in the first segment, and possibly more. The segments making up each page must,‘collectively.
compljance with each of the profiles listed in any profiles segment associated with that page.

N(
ead

7.4.13
A cod

TE — The global profiles segment allows a decoder to find out quickly that it cannot decode a-given data stream. Al
h page to contain a possibly different (though more restrictive) profiles segment eases movingpages from one file to an|

Code table segment syntax

b table segment's syntax is described in Annex B.

7.4.14 Extension segment syntax

An ex

ension segment's data begins with a extension header:

Extenbion type: This is a four-byte field which contains an identifigation of the type of data that are present

exteng
The th
Bit 29

Bit 30

EXAN
Bit 31

N(
th

ion segment:
ree most significant bits of this field have special meaning:

Reserved. Future revisions of this Recommeéndation | International Standard may define extension
extension types may also be registered.by other parties. Other parties may register only extension
with this bit equal to 0; all extensiontypes having bit 29 equal to 1 are reserved for future revisi
this Recommendation | International Standard.

Dependent. If this bit is 1, then'the coding of the data in the extension segment is dependent on thg
encoding of the data in the segments that the extension segment refers to. Any file manipulation prf
that modifies those referred-to segments needs to modify this extension segment's data correspond
if it does not understand the extension segment (due to not recognising its extension type), and if if
a necessary extension segment, then the segment should be deleted.

IPLE — An extension‘segment containing a CRC of the segment that it refers to should be flagged as depend

Necessary,) If this bit is 1, then any decoder that does not know how to parse extensions of this ext
segment's type will not be able to correctly decode the file to produce the intended decoded page in

TE — This4s jntended to facilitate future extensions to JBIG2, such as coding improvements. If this bit is 1, then a d
does notunderstand the extension knows that it has encountered data necessary to the correct decoding of the pagg

carjnot handle. For example, an extension segment containing a region that is coded with some new method would be flag
"ndcessary", as without that region the page image is not complete. Another example might be an extension segment contg
setlafedlours that shonld be applied to the symhols on the page as they are drawn

, must
Fofiles
cation

be in

owing
bther.

in the

types;
types
pns of

exact
bgram
ingly;
is not

ent.

bnsion
jages.

ecoder
that it
ged as
ining a

If the '

'necessary" bit is 1, then the "reserved" bit must also be 1.

The remainder of the extension segment's data immediately follows the extension type field, and is formatted in some
way particular to the type of extension.

7.4.15

Defined extension types

The following extension types are currently defined.

0x20000000 Single-byte coded comment. See 7.4.15.1.

0x20000002 Multi-byte coded comment. See 7.4.15.2.
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7.4.15.1 Single-byte coded comment

A single-byte coded comment extension segment holds textual information about some other segment, page, or the
bitstream as a whole. If it refers to no other segments, and is associated with no page, then it contains some set of
comments applying to the entire bitstream. If it refers to no other segments, but is associated with some page, then it
contains some set of comments applying to that page. If it refers to some segments, then it contains some set of
comments applying to those segments.

A single-byte coded comment segment contains a number of (name, value) pairs. Each element of each pair is a string
of characters, and is terminated by a 0x00 byte. The last pair is followed by an additional 0x00 byte. The other bytes
shall be interpreted according to ISO/IEC 8859-1:1998.

NOTE — A single-byte coded comment extension segment may contain any valid ISO/IEC 8859-1 character, including those
whose values are greater than 127.

EXANIPLE — The comment containing the following pairs

Title An Illustrated History of False Teeth
Author The Big Cheese

is storpd as the following sequence of bytes. The bytes are shown as hexadecimal numbers togetherwith their printable
equivglents, with "." indicating an unprintable byte. Note the four-byte extension type at the start ofthe segment dpta:

20 00 00 00 54 69 74 6C 65 00 41 6E 20 49 o6C 6C .LWTitle.An TI11
75 73 74 72 61 74 65 64 20 48 69 73 74 6F 72 79 uskErated History
20 6F 66 20 46 61 6C 73 65 20 54 65 65 74 68 00 of False Teeth.
41 75 74 68 6F 72 00 54 68 65 20 42 69 67 20 481HAuthor.The Big C
68 65 65 73 65 00 00 heese..

7.4.15(2 Multi-byte coded comment

A multi-byte coded comment extension segment is formatted in the _same manner as a single-byte coded cofnment
extengion segment, except that the individual characters each occupytwo bytes, in the ISO/IEC 10646:2017 en¢oding
(UCS{2). Each element of each pair in the comment is terminated by a 0x0000 and the final pair is followed|by an
additipnal 0x0000 .

7.4.16)  Colour palette segment syntax

7.4.16[1 Colour palette segment data header

A colgur palette segment's data part begins with a colour palette segment data header, containing the fields shqwn in
Figurd 58 and described below:

I I I
Colour

palette CPNCOMP CPCOMPLEN CPNVALS
flags

T.88(18)_F58
Figure 58 — Colour palette segment data header structure

Colour palette flags= see 7.4.16.1.1.
CPN(OMP <gsee 7.4.16.1.2.
CPCOMPLEN - see 7.4.16.1.3.

CPNVALS —see 7.4.10.1 4.

7.4.16.1.1 Colour palette flags

This one-byte field is formatted as shown in Figure 59 and described below:
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Bit 0

Flags tield
Rbs‘crg c?) Colour space continues
must be to next byte
| | | |
7 6 5 4 3 2 1 0
T.88(18)_F59

Figure 59 — Structure of the first byte of colour palette flags

Flags field continues to next byte. If this bit is 1, the next following byte is also treated as the colour

palette flags. If this bit is 0. the colour palette segment body starts from the following byte.

Bits 1

Bits 5

7.4.16

This o

Nd
seg

7.4.16

This o
N(

7.4.16
This f¢

7.4.16
A colg

8.1
This ¢

L4 Colour space. This field has four possible values, representing one of four possible coleur
represented in this segment:

0 RGB

1 sRGB

2 Adobe RGB
3-15 Reserved

L7 Reserved; must be 0.

1.2 Number of components (CPNCOMP)

ne-byte field specifies how many colour components are used. It shalltake on a value from 1 to 255.

TE — The number of components is equal to the dimension of the coleur space. For example, if the colour space
ment is RGB, the number of components shall be 3 (CPNCOMP = 3) beeause the dimension of RGB colour space is 3.

1.3 Component length (CPCOMPLEN)

ne-byte field specifies the length (in bytes) of each component's value. It shall take on one of the values 1, 2!
TE — The component length is equal to 1 in the header ofithe ITU-T T.45 data.

1.4 Number of values (CPNVALS)

ur-byte field specifies how many colour yalues are coded. It shall take on a value from 0 to (232 — 1).

2 Decoding a colour palette segment
ur palette segment is decoded ageording to the following steps:
1) Interpret its header({as'described in 7.4.16.1
2) Invoke the colour palette decoding procedure described in 6.8.4.

Page Make~up

Decodéer model

lause. describes the result that a decoder conforming to this Recommendation | International Standarg

produ

bpaces

of this

or4.

shall

¢ when decoding a page. It does this by specifying a set of steps that produce the correct result; a confa

rming

decoder need not perform these exact steps, but shall produce the same result as if the steps had been followed.

Here we describe only the steps taken to decode a single page. A conforming decoder may operate on multiple pages at
once, as long as it produces the correct final result for each page.

In the following description, we will assume for simplicity that the decoder has a single page buffer, auxiliary buffers to
be used while decoding that page, and additional dictionary memory. Decoders with other components are allowed, as
long as they produce the same page buffer as this abstract decoder does.

At the

end of the decoding process, the page buffer contains the result of decoding the page.

Each auxiliary buffer has a location associated with it; this location is the location of the buffer's top left pixel, relative
to the top left pixel of the page buffer. Some region segments require the use of auxiliary buffers; others can be decoded
directly into the page buffer. See 8.2 for details on how combinations of image segments are to be interpreted.
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The dictionary memory contains the information obtained by decoding dictionary segments.

8.2 Page image composition

The final bitmap for each page is coded by zero or more region segments associated with that page. Each region
segment describes some of the contents of a rectangular region of the page. Since these regions of the page may overlap,
and since some parts of the page might be described at multiple levels of refinement, it is important to define what the
rules for region segment composition are. Also, since a decoder might want to display intermediate representations of a
page, based on partial information, it is useful to suggest the interpretation of partial pages.

As described in 7.4.8, each page has a default pixel value (0 or 1) and one of four combination operators (OR, AND,
XOR, XNOR); these are specified in its page information segment. Each region segment also specifies a combination
operator of its own. The "page combination operator overridden" flag bit in the page information segment specifies
whetlg{r any oI the page's direct region segments overrides the page combination operator. 1T the bit 1s U, then no| direct

region| segment associated with this page overrides the page combination operator. The decoder may. use this
infornpation to optimize its decoding.

The rgsult of decoding a region segment is a bitmap. The size of this bitmap and its location with respect to th¢ page
buffer|are given in the region segment information field.

The fihal contents of the page buffer that the decoder shall produce as the final result of decoding a page are thofe that
would|be generated by the following steps:

1) Decode the page information segment.
2) Create the page buffer, of the size given in the page information segnient.

If the page height is unknown, then this is not possible. However; in this case the page must be sriped,
and the maximum stripe height specified, and the initial pagelbuffer can be created with height ifitially
equal to this maximum stripe height. As each end of stripe segment is encountered, the page buffer's
height can be increased, so that the last row in the new buffer is the maximum stripe height plus the end
row of the previous stripe. The end of page segment(togéther with the last end of stripe segment) allows
determination of the page's actual height.

Alternately, when the page height is unknown,xthe decoder may use a fixed-size buffer whose hejight is
equal to the page's maximum stripe height. As‘each end of stripe segment is encountered, the decoder can
print, or copy to some other location, all thé’rows in this buffer up to and including the stripe's enfl row,
then clear the buffer in preparation for,the next stripe. The decoder may follow this strategy wheneyer the
page is striped, even if the page heightis known beforehand.
NOTE 1 — The steps below can be followed regardless of which striping strategy is followed. The restrictions iposed
by striping ensure that once an end of stripe segment is seen, no part of the page above or on that stripe's end rpw can
be modified, and so the presentation below is phrased in terms of a page buffer that is the full size of the pagg, even
when the page's height is not kKnown initially.

3) Fill the page buffer with the page's default pixel value.
4) Fetch the next region segment associated with that page.
5) The following<ases exist:

a) Theregion segment is an immediate direct region segment. In this case, decode the region segment.
The-tesult of decoding the region segment is a bitmap; combine this bitmap with the durrent
contents of the page buffer, using the region segment's combination operator.

b).” The region segment is an intermediate direct region segment. In this case, allocate a new aukiliary
buffer, using the size and location specified in the segment's region segment information field. This
buffer is initially associated with the region segment. Decode the region segment, placifg the

resttingbitmap-nto-the-auxthary buffer

c¢) The region segment is an immediate refinement region segment that refers to no other segments. In
this case, the region segment is acting as a refinement of part of the page buffer. Perform the
refinement according to the region segment on the part of the page buffer specified in the region
segment, according to the data contained in the refinement region segment. This replaces a part of
the page buffer with a refined version.

d) The region segment is an immediate refinement region segment that refers to another region
segment. This other region segment must be a previously occurring intermediate region segment
that has not yet had a refinement region segment refer to it. The other region segment thus has an
auxiliary buffer associated with it. Note that the other region segment may itself be an intermediate
refinement region segment. Perform the refinement operation on that auxiliary buffer, according to
the data contained in the current region segment, and combine the resulting buffer with the page
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The ryles described in step 5) are quite simple in principle. Immediate region segments are to be drawh.mto th

buffer

segments referring to no other segments, step 5 ¢), or by refining and then drawing an auxilidry”buffer (refin
segments referring to some other segment, step 5 d). Intermediate region segments involve creating an auxiliary

contai

(refingment segments, step 5 e).

Some

EXANIPLE 1 — If the page contains no region segments, then the page buffer is filled entirely with the page's
pixel yalue.

EXANIPLE 2 — The page information segment for page 1 specifies that th¢ page default combination operator
and the page default pixel value is 0. The region segments associated with page 1 are, in order:

The r¢sulting page bitmap can be obtained by decoding segments 3, 4 and 6, and drawing each one at its spq
region| location, using OR, into a bitmap initially tontaining 0 everywhere. Note that the order in which thesg
segmgnts are decoded and drawn does not affect the resulting page bitmap. Also, if segment 3 has an if

combi
instan

into the page buffer. A similar observation holds for segment 6.

EXANIPLE 3 — The page information segment for page 2 specifies that the page default combination operator

and th|

buffer using the current region segment's combination operator, at the location associated with the
auxiliary buffer. Discard the auxiliary buffer.

e) The region segment is an intermediate refinement region segment. This region segment must refer
to one other region segment, which must be a previously occurring intermediate region segment that
has not yet had a refinement region segment refer to it; the other region segment thus has an
auxiliary buffer associated with it. Perform the refinement operation on that auxiliary buffer,
according to the data contained in the current region segment. Replace the previous contents of the
auxiliary buffer with the bitmap resulting from the refinement. Change the association of the
auxiliary buffer, so that it is now associated with the current region segment, and is no longer

associated with the other region segment.

6) Repeat steps 4) and 5) until there are no more region segments associated with the page. At this po

int, all

auxiliary buffers that have been allocated should have been refined, drawn into the page, and discarded,

as described 1n step 5 d); no auxiliary bufters should remain.

7) The result of decompressing that page is given by the final contents of the page buffer.

either by simply drawing them (direct segments, step 5 a), by refining a part of the page ‘buffer (refin

hing the region bitmap (direct segments, step 5 b), or replacing the current contents of an auxiliary

examples of these rules in operation:

*  Segment 3, an immediate lossless text region segment'whose external combination operator is OR;
+  Segment 4, an immediate lossless generic region segment whose external combination operator is

+  Segment 6, an immediate lossless halftone region segment whose external combination operator is

hation operator of OR and a defaultpixel value of 0, then it may be drawn by simply drawing the s
bes directly into the page buffer; it is mot necessary to decode it into a temporary bitmap then draw that {

e page default pixel value-is 0. The region segments associated with page 2 are, in order:
*  Segment 7, anrintermediate text region segment;

*  Segment8,-an intermediate generic bitmap region segment;

operator is OR that refers to segment 8§;

* . Segment 14, an immediate generic bitmap refinement region segment whose external combi
operator is OR that refers to segment 7,

b page
ement
ement
buffer
buffer

lefault

is OR

R;
DR.
cified
three
iternal

ymbol
itmap

is OR

*  Segment 13, an immediate generic bitmap refinement region segment whose external combination

hation

¢ Segment 19, an immediate text region segment whose external combination operator is OR;

*  Segment 22, an immediate generic bitmap region segment whose external combination operator is OR.

The resulting page buffer is the buffer that would be obtained by following the steps:

84

1) Fill the page buffer with the value 0;
2) Decode segment 7 into an auxiliary buffer;

3) Decode segment 8 into an auxiliary buffer;

4) Refine segment 8's auxiliary buffer, according to the refinement information in segment 13, and draw the

refined buffer into the page buffer using OR, discarding the auxiliary buffer after this is done;

5) Refine segment 7's auxiliary buffer, according to the refinement information in segment 14, and draw the

refined buffer into the page buffer using OR, discarding the auxiliary buffer after this is done;
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6) Decode segment 19 and draw the resulting bitmap into the page buffer using OR;
7) Decode segment 22 and draw the resulting bitmap into the page buffer using OR.

The correct result is also obtained no matter what order steps 4) through 7) are performed in; thus a conforming decoder
is free to choose any order to decode these steps. In fact, any order of steps 2) through 7) produces the correct result, as
long as step 2) is performed before step 5) and step 3) is performed before step 4).

EXAMPLE 4 — If a page contains several immediate direct-coded region segments that do not override the page's
combination operator, and an immediate refinement region segment that does not refer to any other segments, then the
resulting page buffer is the buffer that would be obtained by:

+  filling the page buffer with the page's default pixel value;

*  drawing all the direct-coded region segments that precede the refinement region segment;

. retining the portion of the region covered by the retfinement region segment;

*  drawing all the direct-coded region segments that follow the refinement region segment.

In thif case, the order of drawing does matter: all the immediate segments that precede the refinementsegment slhall be
drawn| before the refinement segment is drawn, and the refinement segment shall be drawn before any’of the immnjediate
segmdnts that follow it.
NQTE 2 - In some cases, the decoder may want to display some intermediate form of the page. For example, it may Wyant to
prdvide the user with a progressive display of the page contents as the page segments are received over some transiission
medium. Any intermediate page bitmaps that it displays are entirely up to the decoderand are not specified By this
Refommendation | International Standard.

Ong potential strategy a decoder could use is to take the current contents of the page buffer and any currently active ayxiliary
buffers, and combine all of these buffers using the page's default combination operatér, and display that to the user. If tlle page
cotnbination operator is XOR or XNOR, then this combination can be done reversibly,)and so might be done into the actupl page
buffer, then undone after it has been displayed to the user. If the page combinationcoperator is OR or AND, then this combjination
is 1ot reversible and an extra buffer is required to hold the results of the combination.

The step-by-step description above is intended to specify only the results of the decompression. A conforming d¢coder
may tgke any steps it desires, as long as the final page buffer is the’same as would have been obtained by following the
steps.

EXANIPLE 5 — A decoder might notice that an intermediate, region segment refers to a region of the page that|is not
overlapped by any other region segment, and so might not’actually allocate an auxiliary buffer for that region segment,
but might use the page buffer immediately. It can do_this only if it is sure that this will not change the final resplts of
decod|ng the page's region segments.

9 Encoding procedures (informative)

The ehcoding procedures in this clatse are essentially the inverse of the decoding procedures already descriped in
clause|l 6 and will not be duplicatedyhere. The inverse of generic region encoding is described in 6.2. The invdrse of
generif refinement encoding is"described in 6.3. The inverse of text region encoding is described in 6.4. The invgrse of
symbdl dictionary encoding s described in 6.5. The inverse of halftone region encoding is described in 6.6. The ipverse
of patfern dictionary encoding is described in 6.7.

10 Control encoding procedures (informative)

The cpntrol ‘eiicoding procedures in this clause are essentially the inverse of the decoding control procedures ajready
descriped-in clause 7 and will not be duplicated here. The inverse of segment header syntax encoding is described
in 7.2 he—inverse-ofsegment-type—enecodingis—deseribed—in—7F3—The-segment-types—syntax—for-the—regton—segment
information field, symbol dictionary segment, text region segment, pattern dictionary segment, halftone region segment,
generic region, generic refinement segment, end of page segment, end of stripe segment, end of file segment, profiles

segment, code table segment and extension segment are described in detail in 7.4.1 to 7.4.15 respectively.

11 Page break-up (informative)

The page break-up ("Front end") procedures in this clause are conceptually the inverse of the page make-up ("Back
end") procedures already described in clause 8. However, page break-up also requires additional page and document
decomposition steps prior to encoding.
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11.1 Page break-up architecture

This clause describes the JBIG2 encoder break-up defined by compliant, but optional, technical 'components' (with a
range of 'algorithms' possible to implement each of these components). These JBIG2 page break-up components are a
set of processing steps labelled: Capture, Filter, Orient (de-skew), Identify, eXtract, Screen, Align (register), Match,
Post-match, Dictionary (optimize), and Refine. An example sequence of this component set is illustrated in the
Architectural Components Figure 60 as the horizontal axis with abbreviated labels CF O 1 X S A M P D R (leading
from input on the left to a compressed data stream on the right). The vertical dimension above each label represents the
range of possible algorithms that may be used to implement each component. The horizontal band illustrates an example
JBIG2 compliant page break-up method, using some algorithm for each architectural component and spanning
overthese components.

Page break-up Encoding procedure

C F (0] I X S A M P D R
Architectural components T.88(18)_F60

Figure 60 — JBIG2 encoding architéctural components

A conjpliant JBIG2 encoder need not include all architectiral components, nor use them in exactly the above sequfnce.

11.2 Page image decomposition

A pagpe image is decomposed into several groups of sub-images such as marks [J2], line-arts, residues and halftones.
Each group is identified and then compressed using an appropriate set of processing (architectural components) from
those pummarized in 11.2.1 to 11.2.11.\Processing may include one or more of these component techniques pfior to
bitstrepm creation. The specific alggrithm selected for each processing step is left up to the implementer but conppliant
examyjles for each processing stép are provided in J.1. Implementing a full combination of these componenty, each
using p compliant example encoding method, will result in an encoder capable of producing reasonable near-l¢ssless
quality for most 300 + dpi ithages.

11.2.1] Capture (rasterize)

Capture (rasterization) is a process by which an image source is converted into a two-dimensional bi-level raster jmage.
This i$ done bywmapping a region of the image source to a set of pixels of the raster image, and then assigning § 1-bit
coloui| value~0- each pixel. In the scope of this amendment, two types of images are defined: generated and sdanned
imagep. A generated image is an image converted from a computer-generated metafile or vector graphic (e.g., a bitmap
rasteriged/from a document created using a typical word processor), whereas a scanned image is an image obhtained
from a paper document by means of imaging hardware such as a scanner or facsimile.

11.2.2  Filter

In most cases, a scanning process is noisy, and the resulting scanned image may contain random pixel values not
representative of the original source. These pixels or small groups of pixels are called flyspecks. It is often desireable to
remove flyspecks in a scanned image to improve compression efficiency as well as visual quality of the reconstructed
image. A scanned image also contains quantization errors, i.e., identical marks in the original image may be slightly
different in the scanned image. Smoothing the edges of the marks helps to recover the equivalence of such identical
marks in the scanned image and also improve compression efficiency. These filtering techniques are shown as a
reference in J.1. Filtering is seldom required for generated images although these techniques may still be applied.
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11.2.3  Orient (de-skew)

A scanned image may be skewed when it is scanned or photocopied at a slight angle, and it is often beneficial to
identify and adjust any skew prior to compression. In most texts, marks (characters) are aligned in straight lines, and
examining the slope of these lines that align pairs of marks yields the skew angle. Several methods of de-skewing are
shown as a reference in J.1.

11.2.4  Identify

Identification of sub-image categories involves two processes: segmentation and classification. First an image is
segmented into groups of sub-mages or 'regions' having similar characteristics. These regions (segments) are then
classified into pre-defined categories such as textual data, line-art and halftones, to which appropriate compression
methods are applied.

11.2.5] Extract

A symbol (character) is a mark consisting of black pixels. A symbol boundary is first traced by observifg the
connegtivity of black pixels, and the adjacent black pixels are extracted to form a symbol. Although simply extiacting
all the| pixels confined by the boundary may work in most cases, it does not handle nested marks. Seyeral methqds are
showr] as a reference in J.1.

11.2.6| Screen

Comphring an extracted mark against all the symbols in the dictionary is inefficient espesially when the dictionaty size
is large, and relatively complex matching criteria as described in 11.2.8 are used. Simple methods, such as restficting
compdrisons to only be made between marks and dictionary symbols with similar width and height, can be used {o find
possible matching candidates. More detailed approaches are shown as a referencelin J.1.

11.2.7]  Align (register)

Symb¢ls are often aligned (registered) in the dictionary using the .same criteria selected for the screening npethod
in 11.2.6. When distribution of black pixels is tested against symbols in a dictionary to find matching candjdates,
alignifg symbols along their centroids can enhance the screening rate. More detailed approaches are shown as a
referepce in J.1.

11.2.8) Match

Marky are extracted from a region containing textual-data and compared with existing symbols in a dictionary, ir] order
to exploit any similarities between them for better compression. Basically, each mark is tested to determine whethgr it is
similaf enough to be considered a 'match' to-one of the existing symbols. One way of matching is to first oljtain a
differgnce bitmap between the mark and a(symbol and test the number of black pixels in the difference bitmap to a
pre-dgfined threshold. Giving more weight to the clustered black pixels in the difference bitmap usually improves
matchjng results. When a close matchsis‘found, a reference to the matching symbol in the dictionary is coded. [When
there is no close match, the extracted.mark is stored as a new symbol in the dictionary.

11.2.9] Post-match

Severgl additional criteridzand processing steps may be applied to the symbol dictionary to improve image quality. A
best d|ctionary symbol¢shape may be determined by examining several similar symbols, which have already passed the
matchjng step. Ditect encoding of a symbol or alignment of symbol bottoms may also be used to improve symbol
dictiomary accuracyy

11.2.10 Dictionary (optimize)

After h‘symbol dictionary has been generated, it may be examined further to identify any 'singletons' [J2]. Singletons
are symbols in the dictionary that have not been referenced by more than one mark. One may sometimes wish to
remove such symbols from the dictionary and place them back into the 'residue' sub-images (which contain any residual
marks). Such a residue image is compressed using a JBIG2 'generic' entropy encoder.

11.2.11 Refine

Encoded image (or symbol) bitmaps may also be subsequently 'refined' to similar (but different) bitmaps [J1], [J4]. For
example, where images are first encoded in a near-lossless manner (e.g., when scanned image symbols are encoded
using dictionaries), they can be subsequently 'refinement' encoded to a fully lossless representation of the original
image. Also, successive dictionary symbols may be more efficiently encoded as 'refinements' of symbols encoded
previously.
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11.3 Multi-page document composition

An encoder may organize multi-page document segments using a sequential, random or embedded organization as
described in Annex D (File Formats). Dictionary segments may be organized into one global segment, one or more
segments per page or stripe, or a combination of global and page-specific dictionary segments. Dictionary segment
organization dramatically effects decoder performance and should be carefully selected for a specific application.
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Annex A

Arithmetic integer decoding procedure
(This annex forms an integral part of this Recommendation | International Standard.)

General description

This Recommendation | International Standard uses a number of arithmetic decoding procedures to decode integer

values

. These are:
IAAI Used to decode the number of symbol instances in an aggregation
IADH  Used to decode the difference in height between two height classes

Each
intege

An in
decod
intege
in Anf

Table

A2

The fl
intege

Thus,
redun

IADS  Used to decode the S coordinate of the second and subsequent symbol instances in a strip
IADT  Used to decode the T coordinate of the second and subsequent symbol instances in a strip
IADW  Used to decode the difference in delta width between two symbols in a height class
IAEX  Used to decode export flags

IAFS Used to decode the S coordinate of the first symbol instance in a strip

IAID Used to decode the symbol IDs of symbol instances

IAIT Used to decode the T coordinate of the symbol instances in a strip

IARDH Used to decode the delta height of symbol instance refinements

IARDW Used to decode the delta width of symbol instance refinements

IARDX Used to decode the delta X position of symbol instance réfinements

IARDY Used to decode the delta Y position of symbol instanCe réfinements

IARI Used to decode the R; bit of symbol instances

pf these is used to decode integer values (which may inelide the out-of-band value OOB). The coding
F is based on a decision tree.

ocation of an arithmetic integer decoding procedure involves decoding a sequence of bits, where each
bd using a context formed by the bits decoded previously in this invocation. Each context for each arit}
F decoding procedure has its own adaptive probability estimate used by the underlying arithmetic coder, deg
lex E. The sequence of bits decoded is interpreted to form a value.

A.1 is used by all the arithmetic integer.decoding procedures except for IAID.

Procedure for decoding values (except [AID)

bwchart in Figure A.1 isqused as part of the decoding procedure. It produces two values, V" and S. The result]
- arithmetic decoding precedure is equal to:

. VifS=0
e JifS=land V>0
« QOOBifS=1and V=0

V represents the absolute value of the integer value being decoded, and S represents the sign; the othg
lant value —0 is interpreted to mean "OOB".

for an

bit is
imetic
cribed

of the

rwise-

In Figure A.1, each bit is decoded in a context formed from the particular integer arithmetic decoding procedure being
invoked, and the previous bits decoded in this invocation of that decoding procedure. This context is formed as follows:

©

1) Set:
PREV =1

2) Follow the flowchart in Figure A.1. Decode each bit with CX equal to "IAx + PREV" where

UIAXH

represents the identifier of the current arithmetic integer decoding procedure, "+" represents

concatenation, and the rightmost 9 bits of PREV are used.
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INTDECODE

Decode §

1
Decode a bit
1
1
1
0
1

V' = (next 32 bits) + 4436

V= next 2 bits

A 4

V' = (next 4 bits) + 4

A 4

V' = (next 6 bits) + 20

V= (next 8 bits) + 84

V= (nex{ 12 bits) + 340

A 4

Return V, §

T.88(18)_FA.1

Figure A.1 Flowchart for the integer arithmetic decoding procedures (except IAID)
3) After each\bit is decoded: If PREV < 256 set:

PREV = (PREV << 1) OR D

Otherwise set:

PREV = (((PREV << 1) OR D) AND 511) OR 256

where D represents the value of the just-decoded bit.

Thus, PREV always contains the values of the eight most-recently-decoded bits, plus a leading 1 bit,
which is used to indicate the number of bits decoded so far.

4) The sequence of bits decoded, interpreted according to Table A.1, gives the value that is the result of this
invocation of the integer arithmetic decoding procedure.

Note that each type of data, and each integer arithmetic decoding procedure, uses a separate set of contexts: the contexts
used for IAFS are separate from the contexts used for IADW, for example.
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Table A.1 — Arithmetic integer decoding procedure table

19 (E)

EXAN

A con
arithm

A3

This ¢
repres
the co
region

The p1

VAL Encoding
0...3 00 + VAL encoded as 2 bits
-1 1001
-3...2 101 + (-VAL - 2) encoded as 1 bit
4...19 010 + (VAL — 4) encoded as 4 bits
-19...4 110 + (VAL — 4) encoded as 4 bits
20...83 0110 + (VAL — 20) encoded as 6 bits
-83...-20 1110 + (-VAL — 20) encoded as 6 bits
84 ...339 01110 + (VAL — 84) encoded as 8 bits
-339...-84 11110 + (VAL — 84) encoded as 8 bits
340...4435 011110 + (VAL — 340) encoded as 12 bits
—4435 ...-340 111110 + (VAL - 340) encoded as 12 bits
4436 ... 011111 + (VAL — 4436) encoded as 32 bits
—o...-4436 111111 + (VAL - 4436) encoded as 32 bits
OOB 1000

IPLE — An invocation of TADW might go as follows:

*+ Set CX to "TADWO000000001". This identifies a particular adaptive probability estimate iden
Decode a bit. Suppose the value decoded (D) is 0.

+  Using CX =1ADW000000010, decode a bit; suppose the valueddecoded is 1.
+  Using CX =1IADW000000101, decode a bit; suppose the value decoded is 0.
+  Using CX =1ADW000001010, decode a bit; suppose.the' value decoded is 1.
*  Using CX =IADW000010101, decode a bit; suppose the value decoded is 0.
*  Using CX =IADW000101010, decode a bit; suppose the value decoded is 0.
*  Using CX =IADW001010100, decode a bit; suppose the value decoded is 0.

* The sequence of bits decoded so.far is 0101000. According to Table A.1 and Figure A.
corresponds to the value 12 (S = 0;)£= 12), which is the result of this invocation of IADW.

text is identified by an arithmetic integer decoding procedure name and a sequence of nine bits. Thus|
etic integer decoding procedure requires 512 bytes of storage for its context memory.

The IAID decoding procedure

ecoding procedure is different from all the other integer arithmetic decoding procedures. It uses fixed-
entations of the values being decoded, and does not limit the number of previously-decoded bits used as }

decoding procedure, so at the time of invocation SBSYMCODELEN is known.

ocedure for decoding an integer using the IAID decoding procedure is as follows:
L)¢-Set:

tified.

, this

each

length
part of

htext. The lengthis equal to SBSYMCODELEN. This decoding procedure is only invoked from within tle text

PREV =1

2) Decode SBSYMCODELEN bits as follows:

a) Decode a bit with CX equal to "IAID + PREV" where "+" represents concatenation, and the

rightmost SBSYMCODELEN + 1 bits of PREV are used.
b) After each bit is decoded, set:

PREV = (PREV << 1) ORD

where D represents the value of the just-decoded bit.

Thus, PREV always contains the values of all the bits decoded so far, plus a leading 1 bit, which is

used to indicate the number of bits decoded so far.
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3) After SBSYMCODELEN bits have been decoded, set:

PREV = PREV — 2SBSYMCODELEN

This step has the effect of clearing the topmost (leading 1) bit of PREV before returning it.
4) The contents of PREV are the result of this invocation of the IAID decoding procedure.

The number of contexts required is 2SBSYMCODELEN ' yhich is less than twice the maximum symbol ID. Thus, the
amount of memory needed for contexts can be calculated from the number of symbols, and is typically no more than
two bytes per symbol.

Ippose

*  Using CX =1AID0010, decode a bit; suppose the value decoded is 1.

*  Using CX =1AID0101, decode a bit; suppose the value decoded is 0.

* At this point, PREV = 1010. Apply Step 3); PREV is now 010. Thus, the result ofithis invocation|of the
IAID decoding procedure is the value 010, or (in decimal) 2.

The cpntext identification used here depends on the value of SBSYMCODELEN. In all cases the arithmetic| coder
conteyts will be reset in between changes of SBSYMCODELEN: SBSYMCODELEN never changes duripg the
decod|ng of a single segment (but may change between segments).
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Annex B

Huffman table decoding procedure
(This annex forms an integral part of this Recommendation | International Standard.)

General description

Code tables may be used for encoding any type of numerical data in the Huffman variant coders. In many locations
where a table is used, the encoder has the option of using one of the standard tables, or sending its own table. A code
table segment provides the means to send such a custom table. The code table is a list of code table lines, each
describing how to encode a single value, or a value from a specified range. A table may optionally be able to code for
an OOB, which is an out-of-band signal to the decoding procedure using the table.

B.2

Figure
descri
encod
Recon
these 1
band ¥

Each 1

to enc

A dec

Code table structure

hmendation | International Standard is —2147483648 (—23!) and the largest value is 2147483647 (231 —
anges are not really open-ended. There is also, potentially, an additional special table line that encodes an
alue OOB.

Code table flags
Code table lowest value
Code table highest value

First table line

Second table liné

Last table line

Lower tange table line

Upper range table line
Out-of-band table line

Figure B:1 + Coded structure of a Huffman table

able line specifies the length ofithe.prefix that is associated with it and the number of bits that follow that
bde a value.

der decoding an encoded-Huffman table shall decode the table that is produced by the following steps:
1) Decode the eode table flags field as described in B.2.1. This sets the values HTOOB, HTPS and H'l
2) Decodethe-code table lowest value field as described in B.2.2. Let HTLOW be the value decoded.
3) Decode the code table highest value field as described in B.2.3. Let HTHIGH be the value decoded|
4) Set;

CURRANGELOW = HTLOW

B.1 shows the internal structure of an encoded Huffman table. It consists of a set of table lings, edch of [which
bes the encoding for a range of numerical values. There are also, potentially, two special additiénal table lings that
b "open-ended" ranges. The smallest value that can be encoded in a table described” according tp this

1), so
ut-of-

prefix

RS.

©

NTEMP _ 0

5) Decode each table line as follows:
a) Read HTPS bits. Set PREFLEN[NTEMP] to the value decoded.
b) Read HTRS bits. Let RANGELEN[NTEMP] be the value decoded.
c) Set:

RANGELOW[NTEMP] = CURRANGELOW
CURRANGELOW — CURRANGELOW + 2RANGELEN[NTEMP]

NTEMP — NTEMP + 1
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d) If CURRANGELOW > HTHIGH then proceed to step 6).
6) Read HTPS bits. Let LOWPREFLEN be the value read.
7) Set:
PREFLEN[NTEMP] = LOWPREFLEN
RANGELEN[NTEMP] = 32

RANGELOW[NTEMP] — HTLOW - 1
NTEMP _ NTEMP + 1

This is the lower range table line for this table.
8) Read HTPS bits. Let HIGHPREFLEN be the value read.

B.2.1
This o
Bit 0
Bits 1
Bits 4
Bit 7
B.2.2
This s

B.2.3
This s

9) Set:

PREFLEN[NTEMP] = HIGHPREFLEN

RANGELEN[NTEMP] — 32

RANGELOW[NTEMP] _ HTHIGH
NTEMP _ NTEMP + 1

This is the upper range table line for this table.

10) IfHTOOB is 1, then:
a) Read HTPS bits. Let OOBPREFLEN be the value read.
b) Set:

PREFLEN[NTEMP] = OOBPREFLEN
NTEMP = NTEMP.+¥1

11) Create the prefix codes using the algorithm described in B.3.
Code table flags
ne-byte field has the following bits defined:
HTOOB. If this bit is 1, the table can.¢ode for an out-of-band value.
t3  Number of bits used in code table line prefix size fields. The value of HTPS is the value of this field plu
L6 Number of bits used in codetable line range size fields. The value of HTRS is the value of this field plu
Reserved; must be zero.
Code table lowest-value
gned four-byte fi€ld-is the lower bound of the first table line in the encoded table.
Code table-highest value

gned foursbyte field is one larger than the upper bound of the last normal table line in the encoded table.

B.3

This is the out-of-band table line for this table. Note-that there is no range associated with this valug.

Assigning the prefix codes

one.

one.

Given the table of prefix code lengths, PREFLEN, and the number of codes to be assigned, NTEMP, this algorithm
assigns a unique prefix code to each table line, of the length given by PREFLEN for that table line.

Note that the PREFLEN value 0 indicates that the table line is never used.

94

1) Build a histogram in the array LENCOUNT counting the number of times each prefix length value

occurs in PREFLEN: LENCOUNT([/] is the number of times that the value / occurs in the

PREFLEN.
2) Let LENMAX be the largest value for which LENCOUNT[LENMAX] > 0. Set:
CURLEN = 1
FIRSTCODE|0] =

LENCOUNT[0] 0

array
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3) While CURLEN < LENMAX, perform the following operations:
a) Set:

19 (E)

FIRSTCODE[CURLEN] = (FIRSTCODE[CURLEN - 1] + LENCOUNT[CURLEN — 1]) x 2

After

is stored in the PREFLEN[/] low-order bits of CODESJ[/], unless PREFLEN[/] wds-¢qual to zero, in which ca

table 1

B4
To de

The v,
value

EXANIPLE — The ‘encoding for Table B.1 might be the sequence of bytes, in hexadecimal:

CURCODE = FIRSTCODE[CURLEN]
CURTEMP _ 0

b) While CURTEMP < NTEMP, perform the following operations:
i) If PREFLEN[CURTEMP] = CURLEN, then set:

CODES[CURTEMP] = CURCODE
CURCODE = CURCODE + 1

ii) Set CURTEMP = CURTEMP + 1
c) Set:

CURLEN = CURLEN + 1

his algorithm has executed, then table line number / has been assigned a PREFLEN(7]-bit long code, whosg

Ine has not been assigned any code.

Using a Huffman table

ode a value using a Huffman table, perform the following steps:

1) Read one bit at a time until the bit string read matches the code assigned to one of the table lines.
no code forms a prefix of any other code, this is\pessible. Let 7 be the index of the table line whos
was decoded.

2) Read RANGELEN(]/] bits. Let HTOFFSET®e the value read.
3) IfHTOOB is 1 for this table, and tableline / is the out-of-band table line for this table, then set:

HTVAL = OOB

4) Otherwise, if table line / is the.Jower range table line for this table, then set:

HTVAL = RANGELOW[/] — HTOFFSET

5) Otherwise, set:

HTVAL = RANGELOW/[/] + HTOFFSET

hlue of HTVALs, the value decoded using this table. Note that this may be a numerical value or the §
DOB.

0x42 0x00 0x00 0x00 0x00 0x00 O0xO01
0x01 O0x10 0x49 O0x23 0x81 0x80

value
e that

Since
b code

pecial

Decoding this according to the algorithm of B.2 proceeds as follows:
. The code table flags field, 0x42. This field itself breaks down into the fields, in binary, 0 100 001 0,

©

which decode to produce the assignments:

HTOOB = 0
HTPS = 2
HTRS =5

. The code table lowest value field, and the value of HTLOW, 0x00000000.

*  The code table highest value field, and the value of HTHIGH, 0x00010110 (which, in decimal, is

65808).
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After

Apply|

where
4-bit field encoding a value from 0 to 15; the prefix code 10 precedes an/8+bit field encoding a value from 16 4
and so

B.S
This s

previo

Each ]
HTO(

of tab
the ac

table ‘Tne, and optionally (depending on HTOOB) an out-of-band table line. In some cases the lower or upper

table

assign

*  Three table lines, the lower range table line and the upper range table line. These are encoded

as the

sequence of bytes 0x49 0x23 0x81 0x80, or in binary, 01001001 00100011 10000001 10000000.

This bitstring is further broken down into the table lines as follows:

01 00100 The first two (HTPS) bits of this table line indicate a prefix length of 1, and the la
(HTRS) bits of this table line indicate a range length of 4.

10 01000 This table line has a prefix length of 2 and a range length of 8.
11 10000 This table line has a prefix length of 3 and a range length of 16.

00 The lower range table line has a prefix length of 0, indicating that this table line
used.
11 The upper range table line has a prefix length of 3.

st five

is not

0000000 Seven bits of padding, to 11ll out the last byte.
lecoding these table lines, the value of NTEMP is 5. The arrays PREFLEN, RANGELEN and RANGELOW

PREFLEN 1 2 3 0 3
RANGELEN 4 8 16 32 32
RANGELOW 0 16 272 -1 65808

ing the algorithm of B.3 to this yields the array of codes, in binary,

CODES 0 10 110 X 111
the X indicates that the lower range table line has not been assigned a code. Thus, the prefix code 0 preg
on, as shown in Table B.1.

Standard Huffman tables

ibclause presents some standard Huffman tables that may.be used in the appropriate contexts without havin
usly transmitted.

Huffman table is presented in a form that is similar'to the table transmission described above. The table par
B is given (HTPS, HTRS, HTLOW and HTHIGH can be derived from the values in the table), followed b

ual encoding (prefix and base value) forthat table line; these table lines are followed by a lower and upper

nes are omitted from the tables.as'shown, indicating that these table lines are not used in the table (and wo
ed a PREFLEN value of zero)(

Table B.1 — Standard Huffman table A

[ are:

edes a
b 271,

b been

ymeter
b a list

e lines, giving the range to which that table-line applies, the table line prefix length, table line range length, and

range
range
uld be

HTO(}B 0
VAL PREFLEN RANGELEN Encoding
0...15 1 4 0 + VAL encoded as 4 bits
16..]271 2 8 10 + (VAL - 16) encoded as 8 bits
272 .1.'65807 3 16 110 + (VAL — 272) encoded as 16 bits
65808 ... 3 32 111 + (VAL - 65808) encoded as 32 bits
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Table B.2 — Standard Huffman table B

HTOOB 1
VAL PREFLEN RANGELEN Encoding
0 1 0 0
1 2 0 10
2 3 0 110
3...10 4 3 1110 + (VAL - 3) encoded as 3 bits
11...74 5 6 11110 + (VAL — 11) encoded as 6 bits
75 ... o 6 32 111110 + (VAL — 75) encoded as 32 bits
OOB & HHH

Table B.3 — Standard Huffman table C
HTO()B 1
VAL PREFLEN RANGELEN Enceding
-256]..-1 8 8 11111110 + (VAL + 256) ‘encoded as 8 bits
0 1 0 0
1 2 0 10
2 3 0 110
3...10 4 3 1110 + (VADL> 3) encoded as 3 bits
11..]74 5 6 11110 +¢VAL - 11) encoded as 6 bits
—0 . .| —257 8 32 11111111 + (257 — VAL) encoded as 32 bits
75.. ] 7 32 1411110 + (VAL — 75) encoded as 32 bits
OOB 6 111110

Table B.4 — Standard Huffman table D
HTO()B 0
VAL PREFLEN RANGELEN Encoding
1 1 0 0

2 0 10
3 0 110

4 1 4 3 1110 + (VAL — 4) encoded as 3 bits
12..175 5 6 11110 + (VAL — 12) encoded as 6 bits
76 .. ] 5 32 11111 + (VAL - 76) encoded as 32 bits

Table B.5 — Standard Huffman table E
HTO()B 0
VAL PREFLEN RANGELEN Encoding
-255...0 7 8 1111110 + (VAL + 255) encoded as 8 bits
1 1 0 0
2 2 0 10
3 3 0 110
4...11 4 3 1110 + (VAL — 4) encoded as 3 bits
12...75 5 6 11110 + (VAL - 12) encoded as 6 bits
-0, ..-256 7 32 1111111 + (256 — VAL) encoded as 32 bits
76 ... 6 32 111110 + (VAL — 76) encoded as 32 bits
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Table B.6 — Standard Huffman table F

HTOOB 0
VAL PREFLEN RANGELEN Encoding
—2048 ...-1025 5 10 11100 + (VAL + 2048) encoded as 10 bits
-1024...-513 4 9 1000 + (VAL + 1024) encoded as 9 bits
=512...-257 4 8 1001 + (VAL + 512) encoded as 8 bits
-256...-129 4 7 1010 + (VAL + 256) encoded as 7 bits
—128 05 S g TITOT F (VAL F 128) encoded as o bits
-64.].-33 5 5 11110 + (VAL + 64) encoded as 5 bits
-32.].-1 4 5 1011 + (VAL + 32) encoded as 5 bits
0...127 2 7 00 + VAL encoded as 7 bits
128.].255 3 7 010 + (VAL — 128) encoded as 7 bits
256.].511 3 8 011 + (VAL — 256) encoded as 8 bits
512.1.1023 4 9 1100 + (VAL — 512) encoded a§ 9)bits
1024 ]..2047 4 10 1101 + (VAL — 1024) encoded-as 10 bits
0. . [—2049 6 32 111110 + (2049 — VALD) encoded as 32 bits
2048 .. 6 32 111111 + (VAL - 2048) encoded as 32 bits
Table B.7 — Standard Huffman table'G
HTO(®B 0
VAL PREFLEN RANGELEN Encoding
-1024...-513 4 9 1000 + (VAL + 1024) encoded as 9 bits
=512}..-257 3 8 000 + (VAL + 512) encoded as 8 bits
-256|..-129 4 7. 1001 + (VAL + 256) encoded as 7 bits
-128]..-65 5 6 11010 + (VAL + 128) encoded as 6 bits
-64.].-32 5 5 11011 + (VAL + 64) encoded as 5 bits
-32.1.-1 4 5 1010 + (VAL + 32) encoded as 5 bits
0...81 4 5 1011 + VAL encoded as 5 bits
32 63 5 5 11100 + (VAL — 32) encoded as 5 bits
64..1127 5 6 11101 + (VAL — 64) encoded as 6 bits
128.].255 4 7 1100 + (VAL — 128) encoded as 7 bits
256.].511 3 8 001 + (VAL —256) encoded as 8 bits
512.1.1023 3 9 010 + (VAL — 512) encoded as 9 bits
1024 |..2047 3 10 011 + (VAL — 1024) encoded as 10 bits
—0. .| 1025 5 32 11110 + (-1025 — VAL) encoded as 32 bits
2048 ..o 5 32 11111 + (VAL — 2048) encoded as 32 bits
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Table B.8 — Standard Huffman table H

HTOOB 1
VAL PREFLEN RANGELEN Encoding
-15...-8 8 3 11111100 + (VAL + 15) encoded as 3 bits
~7...-6 9 1 111111100 + (VAL + 7) encoded as 1 bit
-5...-4 8 1 11111101 + (VAL + 5) encoded as 1 bit
-3 9 0 111111101
-2 7 0 1111100
-1 4 0 1010
0.. 2 + B+ Ad—ereodednst-bit
2 5 0 11010
3 6 0 111010

... 19 3 4 100 + (VAL — 4) encoded as 4 bits
20..421 6 1 111011 + (VAL — 20) encoded as 1 bit
22..137 4 4 1011 + (VAL — 22) encoded as 4 bits
38..169 4 5 1100 + (VAL - 38) encoded as 5 bits
70..1133 5 6 11011 + (VAL — 70) encoded<as 6 bits
134 .].261 5 7 11100 + (VAL — 134) encoded as 7 bits
262 .1.389 6 7 111100 + (VAL — 262)-encoded as 7 bits
390.1. 645 7 8 1111101 + (VAL #390) encoded as 8 bits
646 .. 1669 6 10 111101 + (VAL - 646) encoded as 10 bits
—0..] -16 9 32 111111140 #(—16 — VAL) encoded as 32 bits
1670 ). .0 9 32 111113M1 + (VAL — 1670) encoded as 32 bits
OOB 2 01

Table B.9 — Standard Huffman table I

HTO(®B 1
VAL PREFLEN RANGELEN Encoding
=31 -16 8 4 11111100 + (VAL + 31) encoded as 4 bits
-15.].-12 9 2 111111100 + (VAL + 15) encoded as 2 bits
-11.].-8 8 2 11111101 + (VAL + 11) encoded as 2 bits
-7..]1-6 9 1 111111101 + (VAL + 7) encoded as 1 bit
S5..]14 Vi 1 1111100 + (VAL + 5) encoded as 1 bit
=3..]=2 4 1 1010 + (VAL + 3) encoded as 1 bit
-1..40 3 1 010 + (VAL + 1) encoded as 1 bit
1...2 3 1 011 + (VAL — 1) encoded as 1 bit
3...4 5 1 11010 + (VAL — 3) encoded as 1 bit
5.. 6 1 111010 + (VAL - 5) encoded as 1 bit
7...88 3 5 100 + (VAL — 7) encoded as 5 bits
39...42 6 2 111011 + (VAL — 39) encoded as 2 bits
43...74 4 5 1011 + (VAL —43) encoded as 5 bits
75...138 4 6 1100 + (VAL — 75) encoded as 6 bits
139...266 5 7 11011 + (VAL — 139) encoded as 7 bits
267 ...522 5 8 11100 + (VAL — 267) encoded as 8 bits
523...778 6 8 111100 + (VAL — 523) encoded as 8 bits
779 ...1290 7 9 1111101 + (VAL — 779) encoded as 9 bits
1291 ...3338 6 11 111101 + (VAL — 1291) encoded as 11 bits
—0...-32 9 32 111111110 + (32 — VAL) encoded as 32 bits
3339... 9 32 111111111 + (VAL — 3339) encoded as 32 bits
OOB 2 00
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Table B.10 — Standard Huffman table J

HTOOB 1
VAL PREFLEN RANGELEN Encoding
21 -6 7 4 1111010 + (VAL + 21) encoded as 4 bits
-5 8 0 11111100
-4 7 0 1111011
-3 5 0 11000
-2...1 2 2 00 + (VAL + 2) encoded as 2 bits
2 5 0 11001
3 & 8 HOHH
4 7 0 1111100
5 8 0 11111101
6...9¢9 2 6 01 + (VAL — 6) encoded as 6 bits
70..1101 5 5 11010 + (VAL — 70) encoded as 5 bits
102.].133 6 5 110111 + (VAL — 102) encoded as 3 _bits
134 .1.197 6 6 111000 + (VAL — 134) encoded as 6 bits
198 .].325 6 7 111001 + (VAL — 198) encodédras 7 bits
326 .1.581 6 8 111010 + (VAL — 326) éncpded as 8 bits
582.1.1093 6 9 111011 + (VAL — 582)-encoded as 9 bits
1094 ]..2117 6 10 111100 + (VAL +1094) encoded as 10 bits
2118 . .4165 7 11 1111101 + (VAT — 2118) encoded as 11 bits
—0. .| 22 8 32 11111110 ¥ ¢22 — VAL) encoded as 32 bits
4166 |.. 8 32 111111 + (VAL —4166) encoded as 32 bits
OOB 2 10

Table B.11 — Standard Huffman table K
HTO()B 0
VAL PREFLEN RANGELEN Encoding
1 1 0 0
2.. 2 1 10 + (VAL — 2) encoded as 1 bit
4 4 0 1100
5.. 4 1 1101 + (VAL - 5) encoded as 1 bit
7.. 5 1 11100 + (VAL — 7) encoded as 1 bit
9...12 5 2 11101 + (VAL - 9) encoded as 2 bits
13..]16 6 2 111100 + (VAL — 13) encoded as 2 bits
17..120 7 2 1111010 + (VAL — 17) encoded as 2 bits
21..]28 7 3 1111011 + (VAL — 21) encoded as 3 bits
29..]44 7 4 1111100 + (VAL - 29) encoded as 4 bits
45..176 7 5 1111101 + (VAL — 45) encoded as 5 bits
77 ...140 7 6 1111110 + (VAL — 77) encoded as 6 bits
141... o 7 32 1111111 + (VAL — 141) encoded as 32 bits
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Table B.12 — Standard Huffman table L

HTOOB 0

VAL PREFLEN RANGELEN Encoding

1 1 0 0

2 2 0 10

3...4 3 1 110 + (VAL - 3) encoded as 1 bit

5 5 0 11100

6...7 5 1 11101 + (VAL - 6) encoded as 1 bit

8...9 6 1 111100 + (VAL - 8) encoded as 1 bit

10 7 8 HHHS

11..]12 7 1 1111011 + (VAL — 11) encoded as 1 bit

13..]16 7 2 1111100 + (VAL — 13) encoded as 2 bits

17..]124 7 3 1111101 + (VAL — 17) encoded as 3 bits

25..140 7 4 1111110 + (VAL — 25) encoded as 4 bits

41..172 8 5 11111110 + (VAL — 41) encoded ag, S-bits

73 .. {o 8 32 11111111 + (VAL — 73) encod¢d as 32 bits
Table B.13 — Standard Huffman table M

HTO(B 0

VAL PREFLEN RANGELEN Encoding

1 1 0 0

2 3 0 100

3 4 0 1100

4 5 0 11100

5.. 4 1 1101 + (VAL - 5) encoded as 1 bit

7...14 3 3 101 + (VAL - 7) encoded as 3 bits

15..]16 6 1 111010 + (VAL — 15) encoded as 1 bit

17..]20 6 2 111011 + (VAL — 17) encoded as 2 bits

21..]28 6 3 111100 + (VAL — 21) encoded as 3 bits

29..]44 6 4 111101 + (VAL —29) encoded as 4 bits

45..176 6 5 111110 + (VAL —45) encoded as 5 bits

77..1140 7 6 1111110 + (VAL — 77) encoded as 6 bits

141 .]. 7 32 1111111 + (VAL — 141) encoded as 32 bits
Table B.14 — Standard Huffman table N

HTO(B 0

VAL PREFLEN RANGELEN Encoding

-2 3 0 100

-1 3 0 101

0 1 0 0

1 3 0 110

2 3 0 111
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Table B.15 — Standard Huffman table O

HTOOB ID

VAL PREFLEN RANGELEN Encoding
—24...-9 7 4 1111100 + (VAL + 24) encoded as 4 bits
-8...-5 6 2 111100 + (VAL + 8) encoded as 2 bits
—4...-3 5 1 11100 + (VAL + 4) encoded as 1 bit

-2 4 0 1100

-1 3 0 100

0 1 0 0

1 3 8 16+

2 4 0 1101

3...4 5 1 11101 + (VAL - 3) encoded as 1 bit

5.. 6 2 111101 + (VAL —5) encoded as 2 bits
9...24 7 4 1111101 + (VAL - 9) encoded as 4 bits
—o. .| 25 7 32 1111110 + (-25 - VAL) encoded as 32 bits
25.. ] 7 32 1111111 + (VAL —25) encoded as 32 bits
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Annex C

Gray-scale image decoding procedure

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

This decoding procedure is used by the halftone region decoding procedure to produce an array of gray-scale values,
which are then used as indexes into a dictionary of patterns.

C.2

Input parameters

The pgrameters to this decoding procedure are shown in Table C.1.

Table C.1 — Parameters for the gray-scale image decoding procedure

Name Type (iiii:) Signed? Description and restrictions
GSMMR Integer 1 N Specifies whether MMR is used.
GSUBESKIP Integer 1 Specifies whether skipping of-gray-scale values may occur,
GSBPP Integer 6 N The number of bits per grdy<scale value.
GSW Integer 32 N The width of the gray-s¢ale image.
GSH| Integer 32 N The height of the gray-scale image.
GSTEMPLATE Integer 2 N The template used'to code the gray-scale bitplanes.?
GSKIP Bitmap Qigzsé gﬁl;f;gfsg Xgllch values should be skipped. GSW flixels
9 Unused if GSUSESKIP = 0.
" Unused if GSMMR = 1.

C3

The variable whose value is the result of this decoding procedure is shown in Table C.2.

Return value

Table C.2 — Return value from the gray-scale image decoding procedure

Name Type (f)lii:) Signed? Description and restrictions
GSVALS Apely }"11“1121(;1 decoded gray-scale image. The array is GSW wide, G}H
C4 Variables_iséd in decoding
The viriables used)by this decoding procedure are shown in Table C.3.

Table C.3 — Variables used in the gray-scale image decoding procedure

Name Type (?)li::) Signed? Description and restrictions
Bitplanes of the gray-scale image. There are GSBPP
GSPLANES Array of bitmaps bitplanes in GSPLANES. Each bitplane is GSW pixels wide,
GSH pixels high.
J Integer ‘ 32 ‘ Y Bitplane counter.
CS Decoding the gray-scale image

The gray-scale image is obtained by decoding GSBPP bitplanes. These bitplanes are denoted (from least significant to
most significant) GSPLANES[0], GSPLANES[1], . . . , GSPLANES[GSBPP — 1]. The bitplanes are Gray-coded, so
that each bitplane's true value is equal to its coded value XORed with the next-more-significant bitplane.
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The gray-scale image is obtained by the following procedure:

1) Decode GSPLANES[GSBPP — 1] using the generic region decoding procedure. The parameters to the
generic region decoding procedure are as shown in Table C.4.

104

Table C.4 — Parameters used to decode a bitplane of the gray-scale image

Name Value
MMR GSMMR
GBW GSW
GBH GSH
GBTEMPLATE GSTEMPLATE
TPGDON 0
USESKIP GSUSESKIP
SKIP GSKIP
GBATX; 3 if GSTEMPLATE < 1; 2 if GSTEMPLATE > 2.
GBATY; -1
GBATX, -3
GBATY, -1
GBATX; 2
GBATY; -2
GBATX, -2
GBATY, -2

2) SetJ=GSBPP-2.

3) While J > 0, perform the following steps:

a) Decode GSPLANES[J] using the generic region decoding procedure. The parameters to the generic
region decoding procedure are as shown'ih Table C.4.

b) For each pixel (x, y) in GSPLANES[YY, set:

GSPLANES[J][x, ] =-GSPLANES[J + 1][x, y] XOR GSPLANES[J][x, ]

c) SetJ=J-1.
4) For each (x, y), set:

GSVALS [x, y] =

GSBPP-1
> GSPLANES[J][x,y] x 2

J=0

Rec. ITU-T T.88 (08/2018)
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Annex D

File formats

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

19 (E)

There are two standalone file organizations possible for a JBIG2 bitstream. There is also a third organization, not

intend

ed for standalone usage, but instead to allow JBIG2-encoded data to be embedded in another file format.

NOTE - It is recommended that ". jbig2" is used as the extension for JBIG2 files. In environments where only three characters

are

allowed, ". jb2" is recommended. It is also recommended that JBIG2 decoders recognize both extensions.

D.1
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Sequential organization

5 a standalone file organization. This organization is intended for streaming applications, where thezdec
teed to begin at the start of the bitstream and decode everything up to the end of the bitstream.

organization, the file structure looks like Figure D.1. A file header is followed by a sequence-of segment
rts of each segment are stored together: first the segment header then the segment data.

number than it.

File header

Segment 1 segment header

Segment 1 data

Segment 2 segment header

Segment 2 data

Segment N segment header

Segmeiit'N data

Figure D.1x~_Sequential organization

Random-access organization

a standalone file organization. This ‘organization is intended for random-access applications, where the d
want to process parts of the fileMn an arbitrary order, such as decoding all the odd-numbered pages befo
umbered page, or decode (pages individually in response to some user input. The ability to perform r
is therefore important.

organization, the file-structure looks like Figure D.2. A file header is followed by a sequence of seg
s; the last segment\header is followed by the data for the first segment, then the data for the second segmet
The last segmént-tust be an end of file segment; otherwise, it is impossible for the decoder to determine W
hd the last segment header.

number than it.

der is

S. The

gments must appear in increasing order of their segment numbers: no segment may,precede a segment haying a

ecoder
e any
indom

ments
it, and
hen it

gments must appear in increasing order of their segment numbers: no segment may precede a segment haying a
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A file
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File h
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File header

Segment 1 segment header

Segment 2 segment header

Segment N segment header

Segment 1 data

Segment 2 data

Segment N data

Figure D.2 — Random-access organization

Embedded organization

5 not a standalone file organization, but relies on some other file format to carry the JBIG2’ segments
nt is stored by concatenating its segment header and segment data parts, but there is no defined storage or

ry data.

e first byte of a segment header is unlikely to take on the value 0xF&. Note that the two-byte sequences
and OxFF 0xAB may occur by chance within JBIG2 segments.

ity, as this can conflict with other constraints. For example, the systeth might have its own ideas of how pages must be
which might not agree with JBIG2's ideas. Thus, JBIG2 is flexible in allowing the embedding system to store JBIG2

File header syntax
header contains the following fields, in order:
ing — see D.4.1.
pader flags — see D.4.2.
er of pages — see D.4.3.
ID string

an 8-byte sequence containing 0x97 O0x4A 0x42 0x32 0x0D 0x0A 0x1A 0x0A.

TE — This is similar to the PNG ID string. The first character is non-printable, so that the file cannot be mistaken for
b first character'schigh bit is set, to detect passing through a 7-bit channel. The next three bytes are JB2, and are inte

LF translation and DOS file truncation can be detected immediately.

File header flags

This 1S

locstadeald T
I, 1

Each
ler for

egments. The embedding file format is allowed to store those segments in any order,-and may separate them by

ations may wish to precede and follow JBIG2 data with a unique two-byte Combination (marker) so that the
data can be detected within other data streams. It is suggested to use OxRF0OxAA for the starting markpr and
0xAB for the ending marker. These markers are not considered to be partief the JBIG2 data. It should be[noted

OxFF

TE — The intent of the embedded organization is that many current systems can benefit from incorporating improved Bi-level
ge compression. However, the best way to do this is not always to_incorporate an entire JBIG2 bitstream as a momolithic

ivided
data in

ASCII.
hded to

w a human-eaking at the header to guess the file type. The following bytes are CR LF CONTROL-Z LF; any corrupfion by

Bit 0

Bit 1

Bit 2

Bit 3
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File organization type. If this bit is 0, the file uses the random-access organization. If this bit is 1, the file uses

the sequential organization.

NOTE — Note that there is no way to indicate the embedded organization, as that organization does not include a

JBIG2 file header.

Unknown number of pages. If this bit is 0, then the number of pages contained in the file is known. If this bit
is 1, then the number of pages contained in the file was not known at the time that the file header was coded.

If this bit is 0, no generic region segments uses the templates with 12 AT pixels. If the file contains one or

more generic region segments using such templates, this bit must be 1.

If this bit is 0, no region segment is extended to be coloured. If the file contains one or more coloured region

segments, this bit must be 1.
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Bits 4-7 Reserved; must be 0.

D.4.3 Number of pages

This is a 4-byte field, and is not present if the "unknown number of pages" bit was 1. If present, it must equal the
number of pages contained in the file.
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Annex E

Arithmetic coding

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

An adaptive binary arithmetic coder may be used as the entropy coder when allowed by the models. The models used
with adaptive binary arithmetic coding are defined in 6.2, 6.3 and Annex A. In this annex the basic arithmetic coding
procedures are defined.

In this annex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining
an output that alternative implementations shall duplicate. In H.2 a simple test example is given which should be helpful
in det¢grmining if a given implementation is correct.

E.1 Binary encoding

Figurd E.1 shows a simple block diagram of the binary adaptive arithmetic encoder. The decision (R)and contexf (CX)
pairs gre processed together to produce compressed data (CD) output. Both D and CX are proyided by the modpl unit
(not shown). CX selects the probability estimate to use during the coding of D. In this Recommendation | Interngtional
Standgrd, CX is a label for a context, formed by some character string followed by a string,0f'bits.

EXANIPLE — Two possible values of CX are "IADW001010100" and "GB1110110010000000".

D ——»
ENCODER —» CD
CX ——»

T88(48)_FE.A

Figure E.1 — Arithmetic encoder, inputs and outputs

E.1.1 Recursive interval subdivision

The rdcursive probability interval subdivision of Elias codinlg is the basis for the binary arithmetic coding process} With
each Yinary decision the current probability interval is.subdivided into two sub-intervals, and the code string is mq@dified
(if negessary) so that it points to the base (the lower bound) of the probability sub-interval assigned to the symbol[which
occurtied.

In the [partitioning of the current interval into-two sub-intervals, the sub-interval for the more probable symbol (MPS) is
orderdd above the sub-interval for the less‘probable symbol (LPS). Therefore, when the MPS is coded, the LPB sub-
interval is added to the code string. This coding convention requires that symbols be recognized as either MPS of LPS,
rather|than 0 or 1. Consequently, the,size of the LPS interval and the sense of the MPS for each decision must be known
in ordgr to code that decision.

Since the code string always points to the base of the current interval, the decoding process is a matter of deternjining,
for eafh decision, whiech,sub-interval is pointed to by the code string. This is also done recursively, using thd same
intervgl sub-division{procCess as in the encoder. Each time a decision is decoded, the decoder subtracts any interyal the
encodgr added to-the-code string. Therefore, the code string in the decoder is a pointer into the current interval r¢lative
to thg base ofithe current interval. Since the coding process involves addition of binary fractions rathef than
concafenation,.0f integer code words, the more probable binary decisions can often be coded at a cost of much legs than
one bif per'decision.

E.1.2 Coding conventions and approximations

The coding operations are done using fixed precision integer arithmetic and using an integer representation of fractional
values in which 0x8000 is equivalent to decimal 0.75. The interval A is kept in the range 0.75 < A < 1.5 by doubling it
whenever the integer value falls below 0x8000.

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

Keeping A in the range 0.75 < A < 1.5 allows a simple arithmetic approximation to be used in the interval subdivision.
If the interval is A and the current estimate of the LPS probability is Qe, a precise calculation of the sub-intervals would
require:
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A — (Qe x A) = sub-interval for the MPS
Qe x A = sub-interval for the LPS

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

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

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

With the-p

sub-in|
value

invers
MPS/}

When
estimg

probal
which

E.2

The H
passed
estimg

terval larger than the MPS sub-interval. If, for example, the value of Qe is 0.5 and A is at the minimun.a
of 0.75, the approximate scaling gives 1/3 of the interval to the MPS and 2/3 to the LPS. To avoid‘th
on, the MPS and LPS intervals are exchanged whenever the LPS interval is larger than the MPS inferva
LPS conditional exchange can only occur when a renormalization is needed.

pver a renormalization occurs, a probability estimation process is invoked which determifieS a new prob
te for the context currently being coded. No explicit symbol counts are needed for the estimation. The r
ilities of renormalization after coding an LPS and MPS provide an approximate symbol counting mech
is used to directly estimate the probabilities.

Description of the arithmetic encoder

INCODER (Figure E.2) initializes the encoder through the INITENG procedure. CX and D pairs are reg
on to ENCODE until all pairs have been read. The probability estimation procedures which provide ad

19 (E)

— Qe.

e LPS
lowed
S size
. This

hbility
blative
anism

d and
aptive

tes of the probability for each context are embedded in ENCODEXBytes of compressed data are output wlen no

C-register to as many 1-bits as possible and then outputs the, final bytes. FLUSH also terminates the en

opera

longe}modiﬁable. When all of the CX and D pairs have been xead’ (Finished?), FLUSH sets the contents

ons and generates the required terminating marker.

ENCODER

INITENC

——

Read CX, D

}

ENCODE

No

of the
oding

T.88(18)_FE.2

Figure E.2 — Encoder for the MQ-coder
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E.2.1

Encoder code register conventions

The flow charts given in this annex assume the following register structures for the encoder:

MSB LSB
C-register 0000cbbb bbbbbsss XKXXKXKKXK XXXKXXKKXK
A-register 00000000 00000000 aaaaaaaa aaaaaaaa

The "a" bits are the fractional bits in the A-register (the current interval value) and the "x" bits are the fractional bits in
the code register. The "s" bits are spacer bits which provide useful constraints on carry-over, and the "b" bits indicate
the bit positions from which the completed bytes of the data are removed from the C-register. The "c" bit is a carry bit.

ure is
ODDE1

'mbol,
is the
hd the

The d¢tailed description of bit stuffing and the handling of carry-over will be given in a later part of this annex!
E.2.2 Encoding a decision (ENCODE)
The EINCODE procedure determines whether the decision D is a 0 or not. Then a CODEO or a CODRE1 proceq
called|appropriately. Often embodiments will not have an ENCODE procedure, but will call the €ODEO or C
procedures directly to code a 0-decision or a 1-decision.
E.2.3 Encoding a 1 or 0 (CODE1 and CODE0)
When|a given binary decision is coded, one of two possibilities occurs: the symbol is'either the more probable sy
or it if the less probable symbol. CODE1 and CODEDO are illustrated in Figures E.4and E.5. In these figures, CX]
conteyt. For each context, the index of the probability estimate which is to beused in the coding operations a|
MPS Yalue are stored. MPS(CX) is the sense (0 or 1) of the MPS for contextCX.
ENCODE
No Yes
CODEI1 CODE0
| |
T.88(18)_FE.3
Figure E.3 — ENCODE procedure
CODE1
I No “Mpsicx) =17 2 ]
CODELPS CODEMPS
| |
T.88(18) FE.4
Figure E.4 — CODEL1 procedure
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CODELPS

CODEMPS

|

Done

)

T1.88(18) FE.5
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Figure E.S — CODEOQ procedure

Encoding an MPS or LPS (CODEMPS and CODELPS)

hin Table E.1.

CODELPS

A=A-Qe(l(€X))

No Yes

ODELPS (Figure E.6) procedure usually consists of a scaling of the interval to Qe(I(CX9), the prob
te of the LPS determined from the index I stored for context CX. The upper interval is first ealculated so it
red to the lower interval to confirm that Qe has the smaller size. It is always follgwed by a renormalf
DRME). In the event that the interval sizes are inverted, however, the conditional MPS/LPS exchange occy
per interval is coded. In either case, the probability estimate is updated. If the SWEFTCH flag for the index I(
en the MPS(CX) is inverted. A new index I is saved at CX as determined’fiom the next LPS index (}

A= Qe(I(CX))

C = C +Qe(I(CX))

SWITCH(I(CX)) = 1?

No

MPS(CX) = 1 — MPS(CX)

h 4

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

)

RENORME

hbility
Can be
zation
rs and
CX) is
NLPS)

T.88(18)_FE.6

Figure E.6 — CODELPS procedure with conditional MPS/LPS exchange

The CODEMPS (Figure E.7) procedure usually reduces the size of the interval to the MPS sub-interval and adjusts the
code register so that it points to the base of the MPS sub-interval. However, if the interval sizes are inverted, the LPS
sub-interval is coded instead. Note that the size inversion cannot occur unless a renormalization (RENORME) is

©
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required after the coding of the symbol. The probability estimate update changes the index I(CX) according to the next
MPS index (NMPS) column in Table E.1.

E.2.5

Table
binary
the Q¢

The ef
renori]
coder
less th

After
symbd

The in
table
storag

CODEMPS

A=A-Qe(I(CX))

I

;L NO_—4 AND 0x8000 = 0718

C=C+Qe(l(CX))

A < Qe(I(CX))?

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

. ]

\ 4
[(CX) = NMPS(I(CX))

!

RENORME
N

Done
T.88(18)_FE.7

Figure E.7 — CODEMPS procedure with conditional MPS/LPS exchange

Probability estimation

E.1 shows the Qe value associated with each Qe index. The Qe values are expressed as hexadecimal integ
integers, and as decimal fractions. Te-convert the 15-bit integer representation of Qe to the decimal probg
values are divided by (4/3) x (0x80070).

timator can be defined as a finite~State machine — a table of Qe indexes and associated next states for each t
halization (i.e., new table pgsitions) — as shown in Table E.1. The change in state occurs only when the arit
interval register is renonmalized. This is always done after coding the LPS, and whenever the interval reg
an 0x8000 (0.75 in deeimal notation) after coding the MPS.

dex to thelcurrent estimate is part of the information stored for context CX. This index is used as the index
f valueés;in NMPS, which gives the next index for an MPS renormalization. This index is saved in the ¢
e at,CX. MPS(CX) does not change.

The

in LPS renormalization, NLPS gives the new index for the LPS probability estimate; also, if Switch is 1, th¢
1 sense is reversed” After an MPS renormalization, NMPS gives the new index for the LPS probability estinjate.

ers, as
bility,

ype of
imetic
ster is

MPS

to the
ontext

rocedure for Pqﬁmnﬁng the prnhnhi]ifv on the TPS renormalization pnﬂ’\ is similar to that of an

MPS

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

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

E.2.6

Renormalization in the encoder (RENORME)

Renormalization is very similar in both encoder and decoder, except that in the encoder it generates compressed bits and
in the decoder it consumes compressed bits.

The RENORME procedure for the encoder renormalization is illustrated in Figure E.8. Both the interval register A and
the code register C are shifted, one bit at a time. The number of shifts is counted in the counter CT, and when CT is
counted down to zero, a byte of compressed data is removed from C by the procedure BYTEOUT. Renormalization
continues until A is no longer less than 0x8000.
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Qe_Value
Index NMPS NLPS SWITCH
(hexadecimal) (binary) (decimal)
0 0x5601 0101011000000001 0.503937 1 1 1
1 0x3401 0011010000000001 0.304715 2 6 0
2 0x1801 0001100000000001 0.140650 3 9 0
3 0xO0AC1 0000101011000001 0.063012 4 12 0
4 0x0521 0000010100100001 0.030053 5 29 0
5 0x0221 0000001000100001 0.012474 38 33 0
6 0x5601 0101011000000001 0.503937 7 6 1
7 0x5401 0101010000000001 0.492218 8 14
8 0x4801 0100100000000001 0.421904 9 14
9 0x3801 0011100000000001 0.328153 10 14
10 0x3001 0011000000000001 0.281277 11 17
11 0x2401 0010010000000001 0.210964 12 18
12 0x1c01 0001110000000001 0.164088 13 20
13 0x1601 0001011000000001 0.128931 29 21
14 0x5601 0101011000000001 0.503937 5 14
15 0x5401 0101010000000001 0.492218 16 14
16 0x5101 0101000100000001 0.474640 17 15
17 0x4801 0100100000000001 0.421904 18 16
18 0x3801 0011100000000001 0.328153 19 17
19 0x3401 0011010000000001 0304715 20 18
20 0x3001 0011000000000001 0.281277 21 19
21 0x2801 0010100000000001 0.234401 22 19
22 0x2401 0010010000000001 0.210964 23 20
23 0x2201 0010001000000001 0.199245 24 21
24 0x1c01 0001110000000001 0.164088 25 22
25 0x1801 0001100000000001 0.140650 26 23
26 0x1601 0001011000000001 0.128931 27 24
27 0x1401 0001010000000001 0.117212 28 25
28 0x1201 0001001000000001 0.105493 29 26
29 0x1101 0001000100000001 0.099634 30 27
30 O0xOACK 0000101011000001 0.063012 31 28
31 0x09C1 0000100111000001 0.057153 32 29
32 Ox08A1 0000100010100001 0.050561 33 30
33 6%0521 0000010100100001 0.030053 34 31
34 0x0441 0000010001000001 0.024926 35 32
35 0x02A1 0000001010100001 0.015404 36 33
36 0x0221 0000001000100001 0.012474 37 34
37 0x0141 0000000101000001 0.007347 38 35
38 0x0111 0000000100010001 0.006249 39 36
39 0x0085 0000000010000101 0.003044 40 37 0
40 0x0049 0000000001001001 0.001671 41 38 0
41 0x0025 0000000000100101 0.000847 42 39 0
42 0x0015 0000000000010101 0.000481 43 40 0
43 0x0009 0000000000001001 0.000206 44 41 0
44 0x0005 0000000000000101 0.000114 45 42 0
45 0x0001 0000000000000001 0.000023 45 43 0
46 0x5601 0101011000000001 0.503937 46 46 0
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E.2.7 Compressed data output (BYTEOUT)

The BYTEOUT routine called from RENORME is illustrated in Figure E.9. This routine contains the bit-stuffing
procedures which are needed to limit carry propagation into the completed bytes of compressed data. The conventions

used make it impossible for a carry to propagate through more than the byte most recently written to the compressed
data buffer.

The procedure in the block in the lower right section does bit stuffing after a 0xFF byte; the similar procedure on the
left is for the case where bit stuffing is not needed.

B is the byte pointed to by the compressed data buffer pointer BP. If B is not a 0xFF byte, the carry bit is checked. If
the carry bit is set, it is added to B and B is again checked to see if a bit needs to be stuffed in the next byte. After the
need for bit stuffing has been determined, the appropriate path is chosen, BP is incremented and the new value of B is

removed from the code register "b" bits.
RENORME

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

No

BYTEOUT

>
>

AAND G%8000=07

T.88(18)_FE.8

Figure E.8 — Encoder renormalization procedure

E.2.8 Initialization of the'encoder (INITENC)
The INITENC procedusevis’used to start the arithmetic coder. The basic steps are shown in Figure E.10.

The irfterval registér-and code register are set to their initial values, and the bit counter is set. Setting CT = 12 rpflects
the fagt that thefe are three spacer bits in the register which need to be filled before the field from which the byfes are
removied is reached. Note that BP always points to the byte preceding the position BPST where the first byte is glaced.
Thereforef\ift the preceding byte is a 0xFF byte, a spurious bit stuff will occur, but can be compensated for by
increapinig) CT. Note that the default initialization of the statistics bins is MPS = 0 and I = 0 (i.e., Qe = 0x5¢01 or
decimal 0.503937).

E.2.9 Termination of encoding (FLUSH)

The FLUSH procedure shown in Figure E.11 is used to terminate the encoding operations and generate the required
terminating marker. The procedure guarantees that the 0xFF prefix to the marker code overlaps the final bits of the
compressed data. This guarantees that any marker code at the end of the compressed data will be recognized and
interpreted before decoding is complete.

The first part of the FLUSH procedure sets as many bits in the C-register to 1 as possible as shown in Figure E.12. The
exclusive upper bound for the C-register is the sum of the C-register and the interval register. The low order 16 bits of C
are forced to 1, and the result is compared to the upper bound. If C is too big, the leading 1-bit is removed, reducing C
to a value which is within the interval.
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The byte in the C-register is then completed by shifting C, and two bytes are then removed. If the second byte is not
0xFF, another byte is added to the compressed data which is guaranteed to be 0xFF.

E.2.10 Minimization of the compressed data

If desired, the compressed data can be truncated after the FLUSH procedure is complete. If a sequence of 1-bits is
generated by the arithmetic coder, bit stuffing will produce pairs of 0xFF, 0x7F bytes. These byte pairs can be
trimmed from the compressed data, provided that the earliest 0xFF byte in the sequence is not removed. This remaining
0xFF byte then becomes the prefix to the marker code which terminates the compressed data.

Decoding is not affected by this trimming process because the convention is used in the decoder that when a marker
code is encountered, 1-bits (without bit stuffing) are supplied to the decoder until the coding interval is complete.

BYTEOUT

No
C<0x8000000?
No

B=B+1

No

Yes

€=CAND 0x7FFFFFF

Y

A

BP¥BP+1 BP=BP+1
B=C>>19 B=C>>20
C=€AND 0x7FFFF C=CAND 0x7FFFFF
CT=8 CT=7

\ 4
Done
T.88(18)_FE.9

Figure E.9 — BYTEOUT procedure for encoder
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INITENC

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

No

E.3

Figurd
contey
decisi

The D
(as ne
binary
estim4
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l es

CT=13

N
.

T.88(18)_FE.10

Figure E.10 — Initialization of the encoder

Arithmetic decoding procedure

E.13 shows a simple block diagram of a binary adaptive arithmetic)decoder. The compressed data CD
t CX from the decoder's model unit (not shown) are input to the arithmetic decoder. The decoder's output
n D. The encoder and decoder model units need to supply exactly the same context CX for each given deci

ECODER (Figure E.14) initializes the decoder through INITDEC. Contexts, CX, and bytes of compresse
bded) are read and passed on to DECODE until all contexts have been read. The DECODE routine decod
decision D and returns a value of either 0 or 1. Theiprobability estimation procedures which provide ad
tes of the probability for each context are embeddeédin DECODE. When all contexts have been read (Finis
mpressed data has been decompressed.

and a
is the
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116

Rec. ITU-T T.88 (08/2018) © ISO/IEC 2019 - All rights reserved


https://standardsiso.com/api/?name=cb17c9853cf0baf9cc616b348a23085e

ISO/IEC 14492:2019 (E)

FLUSH

SETBITS
C=C=<<C(CT
BYTEOUT

]

v
C=C=<<C(CT
BYTEOUT

Yes
No
BP=BP+1
B=0xFF

b—

Optionally remové{trailing
0= TFFF pairs following
the leadihg OxFF

I

BP=BP+1
B=0xAC
BP=BP+1

Done

T.88(18)_FE.11

Figure E.11 — FLUSH procedure
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SETBITS

TEMPC=C+A
C=Cor 0xFFFF

No " > TEMPC?
Yes
C=C—0x8000

Done

IJ’

T.88(18)_FE.12

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

CD —»
DECODER —»D
CX —»

T.88(18) FE.13

Figure E.13 — Arithmetic decoder*inputs and outputs

DECODER

INITDEC

——

Read CX

I

D =DECODE

No

Yes

Done

T.88(18)_FE.14

Figure E.14 — Decoder for the MQ-coder

E.3.1 Decoder code register conventions

The flow charts given in this annex assume the following register structures for the decoder:

15 0

Chigh register =~ XXXXXXXX XX XXX KXXK
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Clow register ~ bbbbbbbb 00000000
A-register aaaaaaaa aaaaaaaa

Chigh and Clow can be thought of as one 32-bit C-register in that renormalization of C shifts a bit of new data from bit
15 of Clow to bit 0 of Chigh. However, the decoding comparisons use Chigh alone. New data is inserted into the "b"
bits of Clow one byte at a time.

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

Note that the comparisons shown in the various procedures in this subclause assume precisions greater than 16 bits.
Logical comparisons can be used with 16-bit precision.

E.3.2 Decoding a decision (DECODE)

The d¢coder decodes one binary decision at a time. After decoding the decision, the decoder subtracts any amoéunf from
the code string that the encoder added. The amount left in the code string is the offset from the base of“the durrent
intervgl to the sub-interval allocated to all binary decisions not yet decoded. In the first test in the DECODE pro¢edure
illustrgted in Figure E.15 the Chigh register is compared to the size of the LPS sub-interval. Unless a condjtional
exchange is needed, this test determines whether a MPS or LPS is decoded. If Chigh is logically greater than or equal to
the LES probability estimate Qe for the current index I stored at CX, then Chigh is decremented\by that amount. [f A is
not legs than 0x8000, then the MPS sense stored at CX is used to set the decoded decision I).

When|a renormalization is needed, the MPS/LPS conditional exchange may have occurfed. For the MPS pdth the
conditfonal exchange procedure is shown in Figure E.16. As long as the MPS sub-interval size A calculated as the first
step ir] Figure E.16 is not logically less than the LPS probability estimate Qe(I(CX)), an MPS did occur and the ddcision
can bd set from MPS(CX). Then the index I(CX) is updated from the next MPSandex (NMPS) column in Table E.1. If,
however, the LPS sub-interval is larger, the conditional exchange occurred and an LPS occurred. The probability ipdate
switcHes the MPS sense if the SWITCH column has a "1" and updates the index I(CX) from the next LPS index (INLPS)
in Table E.1. Note that the probability estimation in the decoder needs to be identical to the probpbility

LPS path of the decoder the conditional exchange procedure is given the LPS EXCHANGE procedure $hown
re E.17. The same logical comparison between the MPS sub-interval A and the LPS sub-interval Qe(J(CX))
ines if a conditional exchange occurred. On both paths the new sub-interval A is set to Qe(I(CX)). On the left
path the conditional exchange occurred so the decision\and update are for the MPS case. On the right path, the LPS
decisipn and update are followed.

E.3.3 Renormalization in the decoder (RENORMD)

The RENORMD procedure for the decodertenormalization is illustrated in Figure E.18. A counter keeps track|of the
numbgr of compressed bits in the Clow'section of the C-register. When CT is zero, a new byte is inserted into Clow in
the BYTEIN procedure.

Both the interval register A and-the-Code register C are shifted, one bit at a time, until A is no longer less than 0x§000.

E.34 Compressed data input (BYTEIN)

The BJYTEIN procedufe ¢alled from RENORMD is illustrated in Figure E.19. This procedure reads in one byte off data,
compgnsating for an¥y.stuff bits following the 0xFF byte in the process. It also detects the marker codes whiclh must
occur [at the end 0f'a scan or resynchronization interval. The C-register in this procedure is the concatenation [of the
Chigh|and Clowregisters.

Bis tlLe byte pointed to by the compressed data buffer pointer BP. If B is not a 0xFF byte, BP is incremented and the
new value‘of B is inserted-into the ]’ﬁgh order & bits of Clow:

If B is a OxFF byte, then Bl (the byte pointed to by BP+1) is tested. If B1 exceeds 0x8F, then B1 must be one of the
marker codes. The marker code is interpreted as required, and the buffer pointer remains pointed to the 0xFF prefix of
the marker code which terminates the arithmetically compressed data. 1-bits are then fed to the decoder until the
decoding is complete. This is shown by adding 0xFF00 to the C-register and setting the bit counter CT to 8.

If B1 is not a marker code, then BP is incremented to point to the next byte which contains a stuffed bit. The B is added
to the C-register with an alignment such that the stuff bit (which contains any carry) is added to the low order bit of
Chigh.
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DECODE

A=A-Qe(I(CX))

:

I NO —~Chigh < Qe(1(CX))? >>1e8

Chigh = Chigh — Qe(I(CX))
I

AAND 0x8000=07

y y

D =MPS_EXCHANGE D = MPS(CX) D =LPS_EXCHANGE
RENORMD RENORMD

A 4

Return D
( ) T.88(18)_FE.15

Figure E.15 — Decoding an‘MPS or an LPS

(MPS_EXCHANGE)

A <Qe(1(CX))?

D =MPS(CX)

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

SWITCH(I(CX)) =1?

Y

MPS(CX) = 1 - MPS(CX) >

No

A

I[(CX) = NLPS(I(CX))
|
v
< Return D )
T.88(18)_FE.16

Figure E.16 — Decoder MPS path conditional exchange procedure
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( LPS_EXCHANGE )

A <Qe(I(CX))?

A=Qe(l(CX))
D = MPS(CX)
[(CX) = NMPS(I(CX))

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

e = SWITCH(CX) = 17
Y

No
MPS(CX) = 1 — MPS(CX) >

h 4

1(CX) = NLPS(I(CX))
|
v
< Return D >
T.88(18)_FE.17

Figure E.17 — Decoder LPS path conditional exehange procedure

( RENORMD )

BYTEIN

]

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

AAND 0x8000 =07

Done )

T.88(18)_FE.18

Figure E.18 — Decoder renormalization procedure
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BYTEIN

Bl>0x8F?

BP=BP+1 _ BP=BP+1
C=C+(B<<9) C_CC“_}Q"SFFOO C=C+(B<<8)
CT=7 _ CT=8

Y
Done
T.88(18). FE.19

Figure E.19 — BYTEIN procedure for decoder

E.3.5 Initialization of the decoder (INITDEC)

The INITDEC procedure is used to start the arithmetic decoder. The basic steps are shown'in Figure E.20.

INITDEC

BP =BPST
C=B<<16

I

BYTEIN

}

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

T.88(18)_FE.20

Figure E.20 — Initialization of the decoder

BP, the pointet*to the compressed data, is initialized to BPST (pointing to the first compressed byte). The first Yyte of
the compressed data is shifted into the low order byte of Chigh, and a new byte is then read in. The C-register {s then
shifted by’7 bits and CT is decremented by 7, bringing the C-register into alignment with the starting value of A. The
interval register A is set to match the starting value in the encoder.

E.3.6 Resynchronization of the decoder

Usually, when the end of the arithmetically compressed data is reached, the compressed data buffer pointer BP points to
the 0xFF byte of the terminating marker code. If for any reason the compressed data buffer pointer is not at the
O0xFF byte of the marker, a resynchronization procedure needs to scan the compressed data until it finds the terminating
marker code prefix. If a search of this type is needed, it is indicative of an error condition. This error recovery procedure
is not standardized.
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E.3.7 Resetting arithmetic coding statistics

At certain points during the decoding, some or all of the arithmetic coding statistics are reset. This process involves
setting [(CX) and MPS(CX) equal to zero for some or all values of CX.

EXAMPLE — At the start of decoding a text region segment, all the arithmetic coding statistics are reset.

E.3.8 Saving arithmetic coding statistics

In some cases, the decoder needs to save or restore some values of [(CX) and MPS(CX). This is done as part of
decoding a symbol dictionary segment. In this case, the values that are saved and/or restored are all the values indexed
by CX values whose initial label is "GB" or "GR" (i.e., all those CX values used by the generic region decoding
procedure or the generic refinement region decoding procedure).
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(This annex forms an integral part of this Recommendation | International Standard.)

Annex F

Profiles

It is recommended that a JBIG2 decoder implement one of the profiles described in Tables F.1 through F.7. Note that
profile 0x00000001 (Table F.1) includes all the capabilities of this entire Recommendation | International Standard,

and iS Lhc pIUﬁiC dbbuIIlCd WhCIl TOIIC ib cxpiicitly bpcuiﬁcd.

See 7.p.12 for information on how the profile identification numbers are used.

Profil¢ identification numbers 0x00000000 through 0x00FFFFFF are reserved for ISO/IEC and ITY-Tvapplic
Of thip range, profile identification numbers 0x00000100 through 0x00000FFF are reserved for)ITU-T fag
applicptions. Entities other than ISO/IEC and ITU-T wishing to use an unassigned profile identification number
choos¢ one in the range 0x01000000 through OxFFFFFFFF that is not likely to conflict with any other d
choicg. It is recommended that the first three bytes of the profile identification number be chosen to match the firs|

letters|of the name of the entity, or be a suitable abbreviation of that name.

Table F.1 — Profile description for profile 0x00000001

Profile identification

0x00000001

Requirements

All JBIG2 capabiliti€s

Generic region coding

No restriction

Refinement region coding

No restriction

Halftone region coding

No restriction

Numerical data

No restriction

Resources required

Higli=speed processor

Application examples

General-purpose printing; Format conversion

Table F.2 — Profile description for profile 0x00000002

Profile identification

0x00000002

Requirements

Maximum compression

Generic region coding

Arithmetic only; any template used

Refinementregion coding

No restriction

Halftorie-segion coding

No restriction

Numerical data

Arithmetic only

Resources required

High-speed processor

Application examples

Archiving; Wireless WWW

Table F.3 — Profile description for profile 0x00000003

htions.
simile
hould
ntity's
three

NOTE 1 — This profile is a subset of profile 0x00000002.

Profile identification

0x00000003

Requirements

Medium complexity and medium compression

Generic region coding

Arithmetic only; only 10-pixel and 13-pixel
templates

Refinement region coding

10-pixel template only (arithmetic)

Halftone region coding

No skip mask used

Numerical data

Arithmetic only

Resources required

Medium-speed processor

Application examples

WWW; High-end fax
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Table F.4 — Profile description for profile 0x00000004

Profile identification

0x00000004

Requirements

Low complexity with progressive lossless
capability

Generic region coding

MMR only

Refinement region coding

10-pixel template only (arithmetic)

Halftone region coding

No skip mask used

Numerical data

Huffman only

Resources required

Medium-speed processor

Application examples

Www

Table F.S — Profile description for profile 0x00000005

NOTE 2 - This profile is a subset of profile 0x00000004.

Profile identification 0x00000005
Requirements Low complexity
Generic region coding MMR only

Refinement region coding

Not available

Halftone region coding

No skip mask used

Numerical data

Huffman only

Resources required

Low-speed processor

Application examples

Low-end fax; High-speedprinting; Embedded
processors

Table F.6 — Profile description for profile 0x00000006

NOTE 3 — This profile is a subset of profile 0x00000003.

Profile identification

0x0Q000006

Requirements

Low memory with more compression

Generic region coding

Arithmetic only; only 10-pixel and 13-pixel
templates

Refinement region coding

10-pixel template only (arithmetic)

Halftone region coding

No skip mask used

Numerical data

Arithmetic only

Resources required

Medium-speed processor with little memory

Application gkamples

Multi-function devices

Additional-<Constraints

»  Every page must have at least two stripes.

* A stripe that contains a text region segment
may not contain any halftone or generic region
segments.

* All region segments must be immediate region
segments (no auxiliary buffers).

» In any symbol dictionary segment with
SDREFAGG equal to 1, REFAGGNINST
must be equal to 1 for all symbols.

© ISO/IEC 2019 - All rights reserved
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Table F.7 — Profile description for profile 0x00000007

NOTE 4 — This profile is a subset of profile 0x00000005.

Profile identification 0x00000007

Requirements Low memory with more speed

Generic region coding MMR only

Refinement region coding Not available

Halftone region coding No skip mask used

Numerical data Huffman only

Resources required Low-speed processor with little memory
Application examples Multi-function devices

Additional constraints * Every page must have at least two Stripes.

* A stripe that contains a text region segment may
not contain any halftone or generic region
segments.

» All region segments must be immediate region
segments (no auxiliary buffers).

* In any symbol dictionary segment with
SDREFAGG equal to 1, REFAGGNINST niust
be equal to 1 for all symbols.

Table F.8 — Profile description for profile 0x00000008

Profile identification 0x00000008
Requirements Maximum compression for graphic arts
Generic region coding Arithmetic only; only 16-pixel template

Refinement region coding | Not available

Halftone region coding No skip mask used

Numerical data Arithmetic only

Resources required Very high-speed processor

Application examples Pre-press in printing

Additional constraints *  Everypage must have at least two stripes.

. Se GBRTEMPLATE = 0 and EXTTEMPLATE = 1.

*  Restrict AT pixel locations to immediately preceding 32 lines (from 0 to —31
in the vertical coordinate) in Figure 7.

» ) " Use only generic coding.

NOTE — The profiles in.Tabl¢s F.1 and F.2 are unchanged (e.g., any 16-pel template used is limited to 4
adaptive pixels; see Figure 3).
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Annex G

Arithmetic decoding procedure (software conventions)

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

This annex provides some alternative flowcharts for a version of the adaptive entropy decoder. This alternative version
may be more efficient when implemented in software, as it has fewer operations along the fast path.

The alternative version is obtained by making the following substitutions:

*  Replace the flowchart in Figure E.20 with the flowchart in Figure G.1.

*— Replace the Hlowchart in Figure E.15 with the [lowchart in Figure G.2.
*  Replace the flowchart in Figure E.19 with the flowchart in Figure G.3.

INITDEC

BP =BPST
C=(BXOR 0%FF) << 16

I

BYTEIN
C=C=<<7
CT=CT-7
A=0x8009
T.88(18)_FG.1

Figure G.1 — Initialization of the software conventions decoder
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128

AAND 0x8000 =07

DECODE

A=A-Qe(I(CX))

Chigh = Chigh - A

lYes

r

A

D =MPS_EXCHANGE

D = MPS(CX)

D =LPS_EXCHANGE

I

RENORMD

!

RENORMD.

A A
Return D )

T.88(18)_FG.2

Figure G.2 — Decoding an MPS or an LPS in the software-conventions decoder

C=C+ 0xFE0D —(B<<9)

BP=BP+ |

CT=7

BL>0x8F?

A 4

BP=BP+ 1
CT=8 C=C+ 0xFF00 - (B<<8)
CT=38
| |
A 4
( Done
T.88(18)_FG.3

Eigure G.3 — Inserting a new byte into the C register in the software-conventions decoder
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Annex H

Datastream example and test sequence

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

Datastream example

This subclause gives a small datastream that exercises a large number of the features of JBIG2.

19 (E)

The rgw data here is shown in the following format:

where

0023: 01 23 45 67 89 AB CD EF

the first field (before the colon) is the byte offset into the datastream of the data being diSplayed, ai

remaifder of the line is a sequence of bytes starting at that offset. All these values are in hexadecimal.

In genferal, the decoding of the first occurrence of any type of data is explained in detail; further 6ccurrences of th

type o

[ data are not explained in as much detail.

This datastream encodes:

+  one symbol dictionary that is not associated with any page; and

+ three pages,

i.e., the entities encoded in this datastream are three pages, plus.ehe object that is not associated wi
page.

The fifst two pages each contain a page information segment, a symbol dictionary segment, a text region segn

generi
bitma;
segm

C region segment, a pattern dictionary segment, a halftone region segment, and an end of page segmen|
s encoded by these two pages are identical, and are shown.in Figure H.1. The data encoded by the corresp
ts in the two pages are also identical (e.g., the text region segment for page 1 contains the same data, in thq

order, |as the text region segment for page 2). However,.the segments are encoded differently in the two pages: ij

1, all

coding. Thus, implementors can cross-check agairist their own implementations to ensure that they are de
correctly.

The tHird page contains two symbol dictiondries, one of which defines symbols by refinement and aggregation fr

other

Throu|

ne, and one text region, which uses the symbols from the dictionary including refining one of them.

bhout this subclause, pixels having the value 1 are shown as black pixels, while pixels having the valug

showr] as white pixels. This is d typical interpretation of 0 and 1, as might be made by an application usif
Recommendation | International Standard.

The d

©

\tastream is:

6000: 97 4A 42 32 0D OA 1A OA 01 00 00 00 03 00 00 0O
©010: 00 00 01 00 00 00 00 18 00 01 00 00 00 01 0O 0O
0020: 00 01 E9 CB F4 00 26 AF 04 BF FO 78 2F EO 00 40
0030: 00 00 00 01 30 00 01 00 OO 0O 13 00 00 OO0 40 0O
0040: 00 00 38 00 00 00 00O OO 0O OO0 00 01 0O OO0 00 0O
0050: 00 02 00 01 01 00 00O OO 1C 00 01 00 00 00 02 0O
0060: 00 00 02 E5 CD F8 00 79 EO 84 10 81 FO 82 10 86

hd the

P Same

h any

lent, a
t. The
nding

same
| page

e segments use some form of Huffman or MMR.goding; in page 2, all the segments use some form of arithmetic

oding

m the

0 are
g this

0070: 10 79 FO 00 80 00 00 00 03 07 42 00 02 01 00 0O
0080: 00 31 00 00 00 25 00 00 OO 08 00 00 00 04 00 0O
0090: 00 01 00 OC 09 00 10 00O OO0 00 05 01 10 00 OO OO
00A0: 00 00 00 00 00 00 0O OO OO 0O 00 00 OC 40 07 08
00BO: 70 41 DO 00 00 00 04 27 00 01 00 00 00 2C 00 00
00c0: 00 36 00 00 00 2C 00 00 OO 04 00 00 00 OB 00 01
00D0: 26 A0 71 CE A7 FF FF FF FF FF FF FF FF FF FF FF
00EO: FF FF FF FF FF FF FF FF F8 FO 00 00 00 05 10 01
00F0: 01 00 00 00 2D 01 04 04 00 00 00 OF 20 D1 84 61
0100: 18 45 F2 F9 7C 8F 11 C3 9E 45 F2 F9 7D 42 85 0A
0110: AA 84 62 2F EE EC 44 62 22 35 2A OA 83 B9 DC EE
0120: 77 80 00 00 00 06 17 20 05 01 00 00 00 57 00 00
0130: 00 20 00 00 00 24 00 00 00 10 00 00 00 OF OO 01
0140: 00 00 00 08 00 00 00O 09 00 00 00 00 00 00 OO OO
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The d

130

0150: 04 00 00 00 AA AA AA AA 80 08 00 80 36 D5 55 6B
0160: 5A D4 00 40 04 2E E9 52 D2 D2 D2 8A A5 4A 00 20
0170: 02 23 EO 95 24 B4 92 8A 4A 92 54 92 D2 4A 29 2A
0180: 49 40 04 00 40 00 00 00 07 31 00 01 00 00 OO OO
0190: 00 00 00 08 30 00 02 00 OO0 00 13 00 00 OO0 40 0O
01A0: 00 00 38 00 00 00 00O OO OO 0O 00 01 00 00 OO OO
01BO: 00 09 00 01 02 00 00 OO0 1B 08 00 02 FF 00 00 0O
01Cc0: 02 00 00 00 02 4F E7 8C 20 OE 1D C7 CF 01 11 C4
01D0: B2 6F FEF AC 00 00 00 OA 07 40 00 09 02 00 00 00
01EO: 1F 00 00 00 25 00 00 00O 08 00 00 00 04 00 00 0O
01F0: 01 00 OC 08 00 00 00 05 8D 6E 5A 12 40 85 FF AC
0200: 00 00 00 OB 27 00 02 00 00 00 23 00 00 00 36 00
0210: 00 00 2C 00 00 00 04 00 00 00 OB 00 08 03 FF FD
0220: FF 02 FE FE FE 04 EE ED 87 FB CB 2B FF AC 00 00

Q220 TaVANENAYa N AN AL BT NENAYA NN AVA NN A YA N Walla W ARNAW, HEAY, SNAVANNAVA NN AVA N AN n
O == == == T =

0240: 90 71 6B 6D 99 A7 AA 49 7D F2 E5 48 1F DC 68 BC
0250: 6E 40 BB FF AC 00 00 00 OD 17 20 0C 02 00 00 00
0260: 3E 00 00 00 20 00 00 00O 24 00 00 00 10 00 OO 0O
0270: OF 00 02 00 00 00 08 00 00 00 09 00 00 00 OO 0O
0280: 00 00 00 04 00 00 00 87 CB 82 1E 66 A4 14 EB 3C
0290: 4A 15 FA CC D6 F3 Bl 6F 4C ED BF A7 BF FF AC 00
02a0: 00 00 OE 31 00 02 00 00 OO0 00 00 00 00 OF 30 0O
02B0O: 03 00 00 00 13 00 00 00 25 00 00 00 08 00 00 00
02c0: 00 00 00 00 00 01 00O OO OO 0O 00 10 00 01 00_.60
02D0: 00 00 16 08 00 02 FF 00 00 00 01 00 00 00 O&\AF
02E0: E7 8D 68 1B 14 2F 3F FF AC 00 00 00 11 00~21/10
02F0: 03 00 00 00 20 08 02 02 FF FF FF FF FF 0000 00
0300: 03 00 00 00 02 4F E9 D7 D5 90 C3 B5 26~A7 FB 6D
0310: 14 98 3F FF AC 00 00 00 12 07 20 11,03~00 00 00
0320: 25 00 00 00 25 00 00 00 08 00 00 QO\60 00 00 0O
0330: 00 00 8C 12 00 00 00 04 A9 5C 8B(F4"C3 7D 96 6A
0340: 28 E5 76 8F FF AC 00 00 00 13 8% 00 03 00 00 00
0350: 00 00 00 00 14 33 00 00 00 06NOO 00

itastream is decoded as follows:
The file header:
0000: 97 4A 42 32 0D 0OA 1A OAT01 00 00 00 03

1)

2)

a)

b)

<)

The eight-byte ID string:

0000: 97 4A 42 32 .0D,,0A 1A 0OA
The one-byte file header. flags field:

0008: 01

This field indicates that the file uses the sequential organization, and that the number of pa
known.

The foursbyte number of pages field:
00089+)00 00 00 03
This*field indicates that the file has three pages.

The, first segment header:
Q00D: 00 00 00 00 0O 01 OO0 00 OO 00 18

a)

The four-byte segment number field:

Rec. ITU-T T.88 (08/2018)

b)

d)

866D 0—06—06—00
This field indicates that the segment is segment number 0.
The one-byte segment header flags field:

0011: 00

ges is

This field indicates that the segment has type "Symbol dictionary" (type 0), has a short page

association field, and does not have the deferred non-retain bit set.

The one-byte referred-to segment count and retention flags field:

0012: 01

This field indicates that the segment refers to no other segment, and that it should be retained.

The one-byte (short-form) segment page association field:

© ISO/IEC 2019 - All rights reserved
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0013: 00

This field indicates that this segment is not associated with any page.
e) The four-byte segment data length field:

0014: 00 00 00 18

This field indicates that the segment's data part is 24 bytes long.

Figure H.1 — Test datastream page bitmap
3) The first segment data part:
0618: 00 01 00 00O 00 01 00 00 OO0 01 ES9 CB F4 00 26 AF
0028: 04 BF FO 78 2F EO 00 40

a)—The-two-byte-symbel-dictionary flags-field:

0018: 00 01

This field indicates that the segment is encoded using the Huffman coding variant, does not use
refinement/aggregate coding, uses Table B4 for SDHUFFDH, and uses Table B.2 for
SDHUFFDW.

b) The four-byte SDNUMEXSYMS field:

001A: 00 00 00 01

This field indicates that SDNUMEXSYMS is 1: one symbol is exported by this symbol dictionary.
c) The four-byte SDNUMNEWSYMS field:

001E: 00 00 00 01
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