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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
respectj izati i i i i ivi i ommittees
collabofate in fields of mutual interest. Other international organizations, governmental and non-govérrimental, in
liaison with ISO and IEC, also take part in the work. In the field of information technology, ISO~and|IEC have
ighed a joint technical committee, ISO/IEC JTC 1.

The mdgin task of the joint technical committee is to prepare International Standards. Draft International Standards
by the joint technical committee are circulated to national bodies for voting<Publication as an Infernational
Standard requires approval by at least 75 % of the national bodies casting a vote:

Internafional Standard ISO/IEC 14492 was prepared by Joint Technical Committee ISO/IEC JTC 1, Information
technolpgy, Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia information, in
collaboration with ITU-T. The identical text is published as ITU-T Recommandation T.88.

Annexgs A, B, C, D, E and F form a normative part of ISO/IEC 14492. Annexes G, H and | are for information only.
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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
ITU-T Recommendation 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 1SO/IEC JTC /SC29/WG1 andto ITU-T.

Compression of this type of image is also addressed by existing facsimile standards, for example by the compression
algorithms in ITU-T Recommendations T.4 (MH, MR), T.6 (MMR), T.82 (JBIGL1), 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 designated |ITU-T
Recommendation T.82 | Internationa Standard |SO/IEC 11544, which isinformally known as JBIG or BBIGL)JBIG1 is
intended to behave as lossless and progressive (lossy-to-lossless) coding. Though it has the capability of)lessy ¢oding,
the logsy images produced by JBIG1 have significantly lower qudity than the origina images because the number of

On the contrary, JBIG2 was explicitly prepared for lossy, lossless, and lossy-to-lossless image compression. Thejdesign
goal fqr JBIG2 was to allow for lossess compression performance better than that of the existing standards, and tp allow

for logsy compression at much higher compression ratios than the lossless ratios of the existirig standards, with amost no
visiblgd degradation of quality. In addition, JBIG2 allows both quality-progressive coding, with the progression going

data (fpor example, first text, then halftones). A typical JBIG2 encoder decomposes the input bi-level image into pevera
regionf and codes each of the regions separately using a different coding method. Such content-based decompodtion is
very desirable especially in interactive multimedia applications. JBIG2 canjalso handle a set of images (multiple page
document) in an explicit manner.

Asis typical with image compression standards, JBIG2 explicitly défines the requirements of a compliant bitstregm, and
thus defines decoder behaviour. JBIG2 does not explicitly defingta standard encoder, but instead is flexible engugh to
allow pophisticated encoder design. In fact, encoder design will be a major differentiator among competing|JBIG2
entations.

Althoygh this Recommendation | International Standard is phrased in terms of actions to be taken by decoflers to

Annexes A, B, C, D, E, and F are normative, and thus form an integral part of this This Recommendation | Interrjational
Standgrd. Annexes G and H are informative, and thus do not form an integral part of this Recommendation | International

This section is informativie-and designed to aid in interpreting the requirements of this Recommendation | Interrjational
Standgrd. The requiremerits are written to be as general as possible to allow a large amount of implementation flexXibility.
Hencel| the language~of the requirements is not specific about applications or implementations. In this seftion a
corregpondenceis/drawn between the general wording of the requirements and the intended use of this Recom-

Subject matter for JBIG2 coding

JBIG2 is used to code bi-level documents. A bi-level document contains one or more pages. A typical page contains
some text data, that is, some characters of a small size arranged in horizontal or vertical rows. The charactersin the text
part of a page are called symbolsin 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-haftone datais called generic datain JBIG2.

The JBIG2 image modd treatstext 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 digitised text, a halftone region containing digitised halftones, and a
generic region containing the remaining digitised 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; conversdly, in some circumstances it
is better to consider generic data using one of the special cases.

© ISO/IEC 2001 — All rights reserved
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An encoder is permitted to divide a single page into any number of regions, but often three regionswill be sufficient, one
for textual symbals, one for halftone patterns, and the third for the generic remainder. In some cases, not al types of data
may be present, and the page may consist of fewer than threeregions.

The various regions may overlap on the physical page. JBIG2 provides the meansto specify how the overlapping regions
arerecombined to form the fina 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 individua 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 halftere-resien-consisis-efi-a-rumber—ef-patterns-placed-alenra-a+eautararie—TFhe-patterns-tsdaHy-corressere—to oray-
UVI\MU VUM Ao Ul CATiuarimnoeT Ut PWUIIJPWWWU& \Muwv . \rrJ CorT \Juuuw_yuu \'\.*JU A= BN gay

scale Jalues. Indeed, the coding method of the pattern indices is designed as a gray-scale coder. Compression |can be
realised by representing the binary pixels of one grid cell by a single integer, the halftone index (whichris’'ugualy a
rendered 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-lossless
coding of halftones will often be better in image quality (though larger in size) if the halftone,is;coded with generic
coding rather than halftone coding.

012 Relationship between segmentsand documents

A JBIG2 file contains the information needed to decode a bi-level document. A JBIG2.file is composed of segments. A
typicall page is coded using several segments. In a simple case, there will be a page information segment, a symbol
dictiorfary segment, a text region segment, a pattern dictionary segment, a haftene region segment, and an end-if-page
segment. The page information segment provides general information about the page, such asits size and resolutign. The
dictiornjary segments collect bitmaps referred to in the region segments. The region segments describe the appearance of
the text and halftone regions by referencing bitmaps from a dictionary, and specifying where they should appear|on the
page. The end-of-page segment marks the end of the page.

0.1.3 Structur e and use of segments

Each $egment contains a segment header, a data header; and data. The segment header is used to convey segment
referenjce information and, in the case of multi-page.documents, page association information. A data headel gives
information used for decoding the data in the segment. The data describes an image region or a dictionary, or pfovides
other ipformation.

Segments are numbered sequentially. A segment may refer to a lower-numbered, or earlier, segment. A region segment
is always associated with one specific page of the document. A dictionary segment may be associated with one page of
the dogument, or it may be associated with the document as awhaole.

A regipn segment may refer to oné er'more earlier dictionary segments. The purpose of such areferenceis to allow the
decodgr to identify symbolsin adictionary segment that are present into the image.

A region segment may referto an earlier region segment. The purpose of such a reference is to combine thg image
describped by the earliercSegment with the current representation of the page.

organisation, aII the segment headers ae collected together at the beginning of the flle foIIowed by the daIa (|ncI uding
data headers) for al the segments, in the same order. This second organisation permits a decoder to determine all
segment dependencies without reading the entirefile.

A third way of encapsulating of JBIG2-encoded data is to embed it in a non-JBIG2 file—this is sometimes caled the
embedded organisation. 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 segmentsin any order, a any set of
locations within its own structure.

0.14 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 labeled "Page and auxiliary buffers’ produces the final decoded page images.

L B

Text Symbol
P region P dictionary _ N Symbol
decoding decoding memory
procedure procedure
A
Generic
B R reflne_ment Context
> region memor
decoding Y
procedure
Page and
auxiliary
buffers
Generic P /
P region
decoding «
procedure
2
Halftone Pattern
_ region dictionary _ Pattern
decoding decoding memory
procedure procedure
A\ jT08287 0-99/d01
Figure 1 —Block diagram of major decoder components

The resources required to decode any given JBIG2 hitstream depend on the complexity of that bitstream. Some
techniques such as striping can be used to reduce decoder memory requirements. It is estimated that a full-featured
decoder may need two full-page buffers, plus about the same amount of dictionary memory, plus about 100 kilobytes of
arithmetic coding context memory, to decode most bitstreams.

A buffer is arepresentation of a bitmap. A buffer isintended to hold alarge amount of data, typically the size of a page.
A buffer may contain the description of aregion or of an entire page. Even if the buffer describes only aregion, it has
information associated with it that specifies its placement on the page. Decoding a region segment modifies the contents
of a buffer.
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There is one special buffer, the page buffer. It is intended that the decoder accumulate region data directly in the page
buffer until the page has been completely decoded; then the data can be sent to an output device or file. Decoding an
immediate region segment modifies the contents of the page buffer. The usual way of preparing a page is to decode one
or more immediate region segments, each one modifying the page buffer. The decoder may output an incomplete page
buffer, either as part of progressive tranamission or in response to user input. Such output is optional, and its content is
not specified by this Recommendation | International Standard.

All other buffers are auxiliary buffers. It isintended that the decoder fill an auxiliary buffer, then later useit 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 sympol dictionary consists of an indexed set of bitmaps. The bitmapsin adictionary are typically small, approxijmately
of text characters. Unlike a buffer, a bitmap in a dictionary does not have page location information-asspciated

Decod|ng a segment involves invocation of one or more decoding procedures. The decoding procedures to be ipvoked

It of decoding a region segment is a bitmap stored in a buffer, possibly theé page buffer. Decoding ajregion
t may fill a new buffer, or may modify an existing buffer. In typical applications, placing the data into g buffer
involves changing pixels from the background colour to the foreground colour, but this Recommendation | Interrfational

page will be described by one or more immediate region segments, each one resulting in modificatior] of the
ffer.

it is possible to specify a new symbol in a dictionary by refining a previoudy specified symboal, it isalso possible
ify a new buffer by refining an existing buffer. However}.a region may be refined only by the generic refipement
ing procedure. Such a refinement does not make use-of the interna structure of the region in the buffef being
refined. After abuffer has been refined, the original buffer'ds no longer available.

The regult of decoding a dictionary segment is a new dictionary. The symbolsin the dictionary may later be placedi into a
buffer oy the text region decoding procedure.

0.1.6 Decoding procedur es

The gegneric region decoding procedurefills or modifies a buffer directly, pixel-by-pixel if arithmetic coding i$ being
used, ¢r by runs of foreground and background pixels if MMR and Huffman coding are being used. In the arithmetic
coding case, the prediction contextcontains only pixels determined by data aready decoded within the current segment.

The generic refinement region decoding procedure modifies a buffer pixe-by-pixd using arithmetic coding. The
predicfion context uses piXels determined by data already decoded within the current segment as well as pixels glready
present either in the pagebuffer or in an auxiliary buffer.

The text region decoding procedure takes symbols from one or more symbol dictionaries and places them in a|buffer.
This procedur&’s invoked during the decoding of a text region segment. The text region segment contains the gosition
and inflexAnformation for each symbal to be placed in the buffer; the bitmaps of the symbols are taken from the symbol
dictiorjaries.

The symbol dictionary decoding procedure creates a symbol dictionary, that is, an indexed set of symbol bitmaps. A
bitmap in the dictionary may be coded directly; it may be coded as a refinement of a symbol already in a dictionary; or it
may be coded as an aggregation of two or more symbals already in dictionaries. This decoding procedure is invoked
during the decoding of a symboal dictionary segment.

The halftone region decoding procedure takes patterns from a pattern dictionary and places them in a buffer. This
procedure is invoked during the decoding of a halftone region segment. The halftone region segment contains the
position information for all the patterns to be placed in the buffer, as well as index information for the patterns
themselves. The patterns, the fixed-size bitmaps of the halftone, are taken from the halftone dictionaries.

The pattern dictionary decoding procedure creates a dictionary, that is, an indexed set of fixed-size bitmaps (patterns).
The bitmaps in the dictionary are coded directly and jointly. This decoding procedureisinvoked during the decoding of a
pattern dictionary segment.
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The control decoding procedure decodes segment headers, which include segment type information. The segment type
determines which decoding procedure must be invoked to decode the segment. The segment type also determines where
the decoded output from the segment will be placed. The segment reference information, aso present in the segment
header and decoded by the control decoding procedure, determines which other segments must be used to decode the
current segment. The control decoding procedure affects everything shown in Figure 1, and so is not shown there as a
separate block.

Table 1 summarises the types of data being decoded, which decoding procedure is responsible for decoding them, and
what the final representations of the decoded data are.

Table 1 - Entitiesin the decoding process

RILCD RILCO DPhyvcieal
IBIS2 IBIS2 Physredt
Concept bitstream entity decoding entity representation
Dogument JBIG2 file JBIG2 decoder Output mediunt or-devicg
Page Collection of segments Implicitin control decoding Page buffer
procedure
Region Region segment Region decoding procedure Rage buffer or auxiliary
buffer
Digtionary Dictionary segment Dictionary decoding procedure List of symbols
Character Field within asymbol dictionary Symboal dictionary decoding Symbol bitmap
segment procedure
Gray-scale Field within a haftone dictionary Pattern dictionary decoding Pattern
valpe segment procedure
0.2 L ossy coding
This Recommendation | International Standard does not.define how to control lossy coding of bi-level images. Rather it
defineg how to perform perfect reconstruction of a bitmap'that the encoder has chosen to encode. If the encoder ghooses
to encpde a bitmap that is different than the original) the entire process becomes one of lossy coding. The different

Lossy symbol coding provides a naturat:way of doing lossy coding of text regions. Theideaisto allow small diff¢grences
the original symbol bitmap‘and the one indexed in the symbol dictionary. Compression gain is effected|by not
havingd to code a large dictionary~and, afterwards, by having a cheap symbol index coding as a conseguence] of the
dictionary. It is up te-the encoder to decide when two bitmaps are essentialy the same or essentially different.

The hpzard of lossy symbol coding is to have subgtitution errors, that is, to have the encoder replace a |bitmap
onding to one-character by a bitmap depicting a different character, so that a human reader misreads the character.
of sub&tifution errors can be reduced by using intricate measures of difference between bitmaps andl/or by

charadershape a little cost, then correct pixelsthat the encoder believes alter the meaning of the character.

The process of beneficially introducing loss in textual regions may also take simpler forms such as removing flyspecks
from documents or regularizing edges of letters. Most likely such changes will lower the code length of the region
without affecting the general appearance of the region — possibly even improving the appearance.

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

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

0.22 Generic coding

To effect near-lossess coding using generic coding, the encoder applies a preprocess to an original image and encodes
the changed 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 in [11]. These
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preprocesses flip pixels that, when flipped, significantly lower the total code length of the region, but can be flipped
without serioudly 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 thelossless rate.

0.2.3 Halftone coding

Halftone coding is the natural way to obtain very high compression for periodic haftones, 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 thisis 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 theTomberof bitsTequiTed tospecify which patterris used T whichtocatior:

a smgl grid size. A reconstructed image will lack fine details and may display blockiness but will™ be [clearly
recogriizable. The blockiness may be reduced on the decoder side in a postprocess; for instaneg, by using other
recongruction patterns than those that appear in the dictionary. Error diffused images may also be coded lossegdy, or
with cpntrolled loss as described above, using generic coding.

For logsy coding of error diffused images and images dithered with blue noise, it is advisable to use halftonecedi Ig with

More gletails on performing this haftone coding can be found in [12].

0.24 Consequences of inadequate segmentation

to obtain optimum coding, both in terms of quality and file size, the correct form of encoding should be used for
ropriate regions of the document pages. This subclause briefly describes the consequences of errorsfin this
tation.

Using |lossy symbol coding for a document containing both text and-halftone data will result in poor compression.
Depengding on the encoder, the quality of the halftone data may be good or bad. Using the form of lossy symboal [coding
descrilped in [5], the visual quality will probably not suffer.

Using [lossy generic coding (using the preprocesses given inf11]) for a document containing both symbol and halftone
data ugually resultsin good quality and moderate compression.

Line gt and regions of handwritten text may be coded efficiently using generic coding, but depending on the encoder,
these types of regions can also be very effectivel y'coded with symbol coding.
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RECOMMENDATION

INFORMATION TECHNOLOGY — LOSSY/LOSSLESS CODING
OF BI-LEVEL IMAGES

1

This |
(docun
(halfto

The methods defined permit lossess (bit-preserving) coding, lossy coding, and progressive coding. In prog

coding
ThisR

2
The fa

constitute provisions of this Recommendation | International Standard:At the time of publication, the editions in

were

Recommendation | International Standard are encouraged to. jnvestigate the possibility of applying the most

editior]

Scope

Recommendation | International Standard defines methods for coding bi-level images and $ets” of
nents consisting of multiple pages). It is particularly suitable for bi-level images consisting of! text and d
he) data.

, thefirst imageislossy; subsequent images may be lossy or |ossless.

ecommendation | International Standard also defines file formats to enclose the ¢oded bi-level image data

Nor mative References

lowing Recommendations and International Standards contain pfavisions which, through references in th
alid. All Recommendations and Standards are subject to“revision, and parties to agreements based

of the Recommendations and Standards listed below, Members of IEC and 1SO maintain registers of ¢y

valid |

valid I[TU-T Recommendations.

For the
3.1
3.2

ternational Standards. The Telecommunication Standardization Bureau of 1TU maintains a list of the cu

ITT Recommendation T.6 (1988), Facsimile.coding schemes and coding control functions for Group 4 fa
paratus.

/IEC 8859-1:1998, Information technology — 8-bit single-byte coded graphic character sets — Part 1
phabet No. 1.

BO/| EC 10646-1:2000, Information technology — Universal Multiple-Octet Coded Character Set (UCS) —
rchitecture and Basic Multilingtal Plane.

Terms and-Definitions
b purposes ofithis Recommendation | International Standard, the following terms and definitions apply.
adaptive'template pixel(s): Specia pixel(s), in atemplate, whose location is not fixed.

aggregation: Joining or merging of several individual symbolsinto anew symboal.

mages
ithered

ressive

is text,
i cated
bn this
recent
rrently
rrently

csimile

Latin

Part 1:

3.3
3.4
3.5
3.6
3.7
3.8

3.9

Di-Tevel Tmage; Rectangular array of Dits.

bit: Binary digit, representing thevalue O or 1.
bitmap: Bi-level image.

buffer: Storage area used to hold a bitmap.
byte: Eight bits of data.

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

coordinate system: Numbering system for two-dimensional locations where locations are labelled by two
numbers, the first oneincreasing from | eft to right and the second one increasing from top to bottom.
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3.10 delta S: Differencein the S coordinates between two successive symbol instances in anon-empty strip.

311 delta T: Differencein the T coordinates between two successive non-empty strips.

3.12 decoding procedur e: Component of a decoder that decodes a certain type of data.

3.12.1 integer decoding procedure: Decoding procedure whose output on each invocation isa single value.

3.12.2 arithmeticinteger decoding procedure: Integer decoding procedure that uses arithmetic entropy decoding.
3.12.3  region decoding procedure: Decoding procedure whose output is a bitmap.

3124 generic region decoding procedure: Region decoding procedure that operates by decoding pixelsindividually
or inruns.

3.12 5—genertetefinement regrontdecodingprocedure—Regron-decodingprocedure-thatoperatesby-medying a
refererjce bitmap to produce an output bitmap.

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

3.12.7| pattern dictionary decoding procedure: Decoding procedure whose output isalist of patterns.

3.12.8| halftone region decoding procedure: Region decoding procedure that operates by drawing a set of pgatterns
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 $ymbol
instanges into a bitmap.

3.12.11 symboal dictionary decoding procedure: Decoding procedure whese output isalist of symbols.

3.13 decoder : Entity capable of decoding a bitstream in conformahce with this Recommendation | Internjational
Standard.

3.14 dictionary: List of bitmaps.

3.14.1] patterndictionary: List of patterns.

3.14.2| symboal dictionary: Lig of symbals.

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 symbolsinasymbal dictionary that may be used by referring to that symbal dictipnary.
3.17 gray-scale image: Rectangulaharray of non-negative integer indices.

3.18 gray-scale pixel: Integer=valtied 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*symbolsin a symbol dictionary whose heightsare al equal.

321 height classdelta height: Difference in height between two height classes.

3.22 height'class delta width: Difference in width between two symbolsin a height class.

3.23 Huffman table: Collection of table lines specifying how val ues are encoded.

3.24 lossless cading: Method of encoding data so that the decoded data are identical to the ariginal data

3.25 lossy coding: Method of encoding data so that the decoded data differ, ideally only in inggnificant ways, from
the original data

3.26 ordinal: Value used as a counter.

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

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

3.29 pixel: Element with O or 1 asitsvaluein abitmap.

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

331 range length: Number of additional code bitsin atableline.

2 ITU-T Rec. T.88 (2000 E)


https://standardsiso.com/api/?name=a8880807077b76b9c1137e2d1e02079f

3.32
3.33
3.34
3.35
3.36
3.36.1
3.36.2
3.37

ISO/IEC 14492 : 2001 (E)

reference bitmap: Bitmap used asthereference plane during the refinement region decoding procedure.
referred-to segment: Other segment required in order to decode the current segment.

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.

3.38
3.39
3.40

341
and th

3.42
and th

3.43
instan
3.44
instan

3.45
follow|

3.46
row.

3.47

NG
var

4.1

For the
AT
EOFB
ID
LPS

symbal: Bitmap produced by a symbal dictionary decoding procedure.
symbol I1D: Integer used to identify a symbol or to index into an array of symbols to retrieve the symbol.
symbol instance: Symbol drawn, possibly with refinement, at a particular location in atext région.

symbol instance refinement delta height: Difference in height between a symbol instance's reference
b bitmap produced by the generic refinement region decoding procedure.

symbol instance refinement delta width: Difference in width between a symbQl instance's reference
b bitmap produced by the generic refinement region decoding procedure.

symbol instance refinement delta X: Difference between the X coordinates'of thetop left corners of a
be's reference bitmap and the bitmap produced by the generic refinement region decoding procedure.

symbal instance refinement delta Y: Difference between the Y eoordinates of the top left corners of a
be's reference bitmap and the bitmap produced by the generic refinement region decoding procedure.

table line: Specification of the encoding of a single valugyor a range of values as a Huffman codg
bd by a fixed number of additional code bits.

typical prediction: Method of signalling that an entire row of a generic region is identica to the pré

value: Integer or out-of-band indicator that js decoded.

Symbols and Abbreviations

TE — Due to I1SO nomenclature requirements, within the context of clause 4, the term "symbol" is locally used to
able name.

Abbreviations

b purposes of this Recommendation | International Standard, the following abbreviations apply.
Adaptive Template
End-of-Facsimile Block
| dentifier
L.ess Probable Symbal, i.e. less probable binary value

bitmap

bitmap

symbol

ymbol

prefix

ceding

Imean a

LSB

|_ecast Qignifir‘nnf Bit

MMR
MPS
MSB
0o0oB
READ
TPGD
TPGR

Modified Modified READ

More Probable Symbol, i.e. more probable binary value
Most Significant Bit

Out-of-Band

Relative Element Address Designate

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 abbrevitions are used despite this because they are the generally-accepted terminol ogy
in arithmetic coding.
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4.2 Symbol definitions

The following symbols used in this Recommendation | Internationa Standard are listed below. A convention is used that
parametersto any of the decoding procedures that are used in this Recommendation | International Standard are indicated

in bold face.

A Probability interval

a A real number

ARR An array

A1, Ap, Asz, Ay Adaptive template pixelsin the generic region decoding procedure

B Current byte of arithmetically-coded data

B1 Byte-of-artthrmeticaly-coded-data-feHowtngthe-edrrent-byte

Bhc A height class collective bitmap in a symbal dictionary decoding procedure

Bhpc A dictionary collective bitmap in a pattern dictionary decoding procedure

Bp A pattern bitmap in a pattern dictionary decoding procedure

Bs 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 bitsof C

Clow Low-order 16 bitsof C

CONTEXT The values of the pixes in a template used in the generic or generic refinement dgcoding
procedure

CT Renormalisation shift counter

CURCODE The Huffman code for the currenttable line in a Huffman table

CUREXFLAG The current export flag

CURLEN The current table line prefix length in a Huffman table

CURRANGELOW The lower bound of\therange of the current table line in a Huffman table

CURS The current Seoordinate in atext region decoding procedure

CURT] The current,;symbol instance's T coordinate relative to the current strip's T coordinate in a text
regionydecoding 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

DwW The difference in width between two symbol bitmaps in a symbol dictionary ddcoding
procedure

EXFLAGS An array of export flags

EXINDEX An index for the array EXFLAGS

EXRUNLENGTH The length of arun of identical export flag values

FIRSTS Thefirg S coordinate of the current strip

FIRSTCODE Thefirs code assigned to a particular prefix length in a Huffman table

GBATX; The X location of adaptive template pixel 1 in ageneric 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

GBATY The 'Y location of adaptive template pixel 2 in a generic region decoding procedure
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GBATX3 The X location of adaptive template pixel 3in ageneric region decoding procedure

GBATY3 TheY location of adaptive template pixel 3 in ageneric region decoding procedure

GBATX4 The X location of adaptive template pixel 4 in a generic region decoding procedure

GBATY,4 TheY location of adaptive template pixel 4 in a generic region decoding procedure

GB The prefix used for many of the variables associated with a generic (bitmap) region decoding
procedure

GBH The height of a genericregion

GBREG The region produced by a generic region decoding procedure

GBTEMPLATE A parameter indicating the number and arrangement of the pixelsin atemplate used in a generic
region decoding procedure

GBW Thewidth of ageneric region

Gl An array of gray-scale values

GR The prefix used for many of the variables associated with a generic refinement)region dgcoding
procedure

GRATX, The X location of adaptive template pixel 1 in a generic refinement region‘decoding pr ure

GRATY, TheY location of adaptive template pixel 1 in a generic refinement region decoding pr ure

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

GRATY TheY location of adaptive template pixel 2 in a generic refineément region decoding pr ure

GRAY The current gray-scale value

GRAYMAX The largest gray-scale value for which a patterni's given in a pattern dictionary ddcoding
procedure

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

GRRHEFERENCE The reference bitmap in a generic refinement region decoding procedure

GRRHFERENCEDX The X offset of the reference bitmap with respect to the bitmap being decoded in a generic
refinement region decoding procedure

GRRHFERENCEDY The Y offset of the reference bitmap with respect to the bitmap being decoded in a generic
refinement region decoding‘procedure

GRREG Theregion produced by a generic refinement region decoding procedure

GRTHMPLATE A parameter indicating the number and arrangement of the pixelsin atemplate used in dgcoding
a generic regionwith refinement coding

GRW The width-of a generic region being coded with refinement coding

GS The prefix used for many of the variables associated with a gray-scale image dgcoding
procedure

GSBPP The number of bits per gray-scale value in a gray-scal e image decoding procedure

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

GSKIpP A mask indicating gray-scal e val ues to be skipped

GSMNMR Whether MMR isused in a gray-scal e image decoding procedure

GSTEMPLATE A parameter indicating the number and arrangement of the pixelsin atemplate used in a gray-
ScateTmage decodiTg procedure

GSUSESKIP Whether some gray-scal e values should be skipped in a gray-scal e image decoding procedure

GSVALS A decoded gray-scale image

GSw The width of the gray-scale image in a gray-scal e image decoding procedure

HB The prefix used for many of the variables associated with a halftone (bitmap) region decoding
procedure

HBH The height of a halftoneregion

HBPP The number of bits per valuein an array of gray-scale values

HBW The width of ahalftoneregion

HCHEIGHT The height of the current height classin a symbol dictionary decoding procedure

ITU-T Rec. T.88 (2000 E) 5
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HCDH The difference in height between two height classesin a symbal dictionary decoding procedure

HCFIRSTSYM Theindex of the first symbol decoded in aheight class

HCOMBOP The combination operator used in a halftone region decoding procedure

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

HDEFPI XEL The default for pixelsin ahalftone region

HDMMR Whether MMR isused in a pattern dictionary decoding procedure

HDPATS Array of patterns produced by a pattern dictionary decoding procedure

HDPH The height of the patternsin a pattern dictionary

HDPW The width of the patternsin a paftern dictionary

HDTHMPLATE The template identifier used to decode patternsin a pattern dictionary decoding procedure

HENABLESKIP Whether unneeded gray-scale values are skipped in a halftone region decoding procedure

HGH The height of the gray-scale image in a halftone region decoding procedure

HGW The width of the gray-scale imagein ahalftone region decoding procedure

HGX The horizontal offset of the grid in ahalftone region decoding procedure

HGY The vertical offset of the grid in ahalftone region decoding procedure

H, The height of a symbol instance bitmap

HIGHPREFLEN The prefix length of the upper range table linein a Huffman'table

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

HNUNPATS The number of patternsthat may be used in a halftone region decoding procedure

HO, The height of the original bitmap of a symbol-jitistance containing refinement information

HPATIS Array of patternsused in ahalftoneregion

HPH The height of each pattern in ahalftoneregion

HPW The width of each pattern in ahalftone region

HRX The horizontal coordinate of ahalftone grid vector

HRY The vertical coordinate ofta halftone grid vector

HSKIH A mask indicating gray~scal e val ues to be skipped

HT The prefix used.for.many of the variables associated with a Huffman table decoding procedure

HTEMPLATE A parameterindicating the number and arrangement of the pixels in a template usqd in a
halftone riegion decoding procedure

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

HTLOW The lowest value that is represented by any normal table linein a Huffman table

HTOFFSET Therange offset of atable line when decoding using a Huffman table

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

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

HTREG Theregion produced by a halftone region decoding procedure

HTRS The length of the encoded range field in atable 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

I An array index

IAAI An arithmetic integer decoding procedure used to decode the number of symbol instancesin an
aggregation

IADH An arithmetic integer decoding procedure used to decode the difference in height between two
height classes

IADS An arithmetic integer decoding procedure used to decode the S coordinate of the second and

subsequent symbal instancesin astrip
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IADT An arithmetic integer decoding procedure used to decode the T coordinate of the second and
subseguent symbol instances in astrip

IADW An arithmetic integer decoding procedure used to decode the difference in width between two
symbolsin aheight class

IAEX 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
instancein agrip

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

IAIT An arithmetic integer decoding procedure used to decode the T coordinate of the symbal
instancesin a strip

IARDI Armrarithmeticintegerdecodimgprocedure-used-todecodethedettaherghtof symbot-pstance
refinements

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

IARD An arithmetic integer decoding procedure used to decode the delta X values«of symbol ipstance
refinements

IARD An arithmetic integer decoding procedure used to decode the delta Y.values of symbol ipstance
refinements

IARI An arithmetic integer decoding procedure used to decode theRi-bit of symbol instances

IB, The bitmap of a symbol instance

IBO, The original bitmap of a symbol instance containing¥€&finement information

ID, The symboal ID of a symbol instance

IDS The delta Svalue for a symbol instance in atéxt region decoding procedure

J An array index

K The ordind for areferred-to segment

LENCPUNT A histogram of the prefix lengthsin a Huffman table

LENMAX The largest prefix length ind Huffman table

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

LOWRREFLEN The prefix length of.the lower range table linein a Huffman table

LTP Whether the curtent line is coded explicitly in a generic region decoding procedure or a generic
refinement region decoding procedure

my 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 probable binary values

NINSTANCES A symbol instance counter

Ng Vertica index for the current gray-scale value

NLPS The next index for an LPS renormalisation

NMPS The next index for an MPS renormalisation

NSYMSDECODED  Thenumber of symbols decoded so far in a symbol dictionary decoding procedure

NTEMP The number of table linesin a Huffman table

OOB An out-of-band value

P The page with which a segment is associated

PREFLEN An array of prefix lengthsrepresenting the table lines in a Huffman table

Qe An estimate of the LPS probability

r A segment retention flag

R The number of segmentsreferred to by some segment

RANGELEN An array of the lengths of the ranges of thetablelinesin a Huffman table
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RANGELOW An array of the lower bounds of the ranges of the table linesin a Huffman table

RA1, RA, Adaptive template pixelsin the generic refinement region decoding procedure

RDH, The delta height of a symbol ingtance refinement bitmap

RDW, The deltawidth 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 symboal instances in an aggregation

R 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 atext region decoding
procedure

S One coordinate of the coordinate system used in atext region decoding procedure

S The S coordinate of a symbol instance

SB The prefix used for many of the variables associated with a symbol (bitmiap) region de
procedure

SBDSDFFSET An offset for the coded delta S valuesin atext region

SBCOMBOP The combination operator used in atext region decoding procedure

SBDEFPIXEL The default for pixelsin atext region

SBH The height of atext region

SBHUFF Whether Huffman coding isused in atext region decoding procedure

SBHUFFDS The Huffman table used to decode the S coordinate of subseguent symbol instancesinag

SBHUFFDT The Huffman table used to decode the diffefence in T coordinates between non-empty stri

SBHUFFFS The Huffman table used to decode the.S coordinate of the first symbol ingance in astrip

SBHUFFRDH The Huffman table used to decode the difference between a symbol's height and the heig
refinement coded symbol instancebitmap

SBHUFFRDW The Huffman table used todecode the difference between a symbol's width and the wig
refinement coded symbohinstance bitmap

SBHUFFRDX The Huffman table(used to decode the difference between a symbol instance's X coordin
the X coordinate of arefinement coded bitmap

SBHUFFRDY The Huffmantable used to decode the difference between a symbol instance's Y coordin
the Y coordinate of arefinement coded symbol instance bitmap

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

SBNUMINSTANCES The number of symbol instancesin atext region

SBNU[Q SYMS The number of symbols that may be used in atext region

SBRAIT X1 The X location of the adaptive template pixel RA1 in atext region decoding procedure

SBRAITY 1 TheY location of the adaptive template pixel RA1 in atext region decoding procedure

SBRA|TXo The X location of the adaptive template pixel RA, in atext region decoding procedure

SBRATY TheY location of the adaptive template pixel RA, in atext region decoding procedure

SBREFINE Whether refinement coding is used in atext region decoding procedure

SBREG Theregion produced by atext region decoding procedure

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

SBSTRIPS The height of the symbol ingtance strips

SBSYMCODELEN  Thelength of the symbal codes used in IAID

SBSYMCODES An array of variable-length codes identifying individual symbols

SBSYMS An array of symbols used in atext region

SBW The width of atext region
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SD The prefix used for many of the variables associated with a symbol dictionary region decoding
procedure

SDATX The X location of the adaptive template pixel A1 inasymbal dictionary decoding procedure

SDATY, TheY location of the adaptive template pixel A1 inasymbal dictionary decoding procedure

SDATX> The X location of the adaptive template pixel A, inasymbal dictionary decoding procedure

SDATY TheY location of the adaptive template pixel A, inasymbal dictionary decoding procedure

SDATX3 The X location of the adaptive template pixel Az inasymbal dictionary decoding procedure

SDATY 3 TheY location of the adaptive template pixel Az inasymbal dictionary decoding procedure

SDATX4 The X location of the adaptive template pixel A4 inasymboal dictionary decoding procedure

SDAT ¥ The-Y-location-of-the-adaptivetemplatepixa-Axt-a-symbol-dictionary-decodHg-precedyre

SDEXEYMS The symbals 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 anyaggregatign 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 gymbol
dictionary decoding procedure

SDHUFFBM SIZE The Huffman table used to decode the size of a height.class collective bitmap in a gymbol
dictionary decoding procedure

SDIN$YM S An array of symbols used as a parameter to a symibol dictionary decoding procedure

SDNEWSYMS The symbols decoded in a symbol dictionary

SDNEWSYMWIDTHS The widths of the symbols decoded in a symbal dictionary

SDNUMEXSYM S The number of symbols exported from'a symbol dictionary

SDNjM INSYMS The number of symbolsin the arf@y that is used as a parameter to a symbol dictionary degcoding
procedure

SDNUMNEWSYMS The number of symbols generated in a symbol dictionary

SDREFAGG Whether refinement.and-aggregate coding are used in a symbol dictionary decoding procgdure

SDRAIT X4 The X location of the adaptive template pixel RA1 in asymboal dictionary decoding procefiure

SDRA[TY ; TheY locationof the adaptive template pixel RA1 in asymboal dictionary decoding procegiure

SDRAIT X5 The X location of the adaptive template pixel RA, in asymboal dictionary decoding procegiure

SDRA[TY 5 The’Y-lecation of the adaptive template pixel RA, in asymbol dictionary decoding procefiure

SDRTEMPLATE Template identifier for refinement coding of bitmapsin a symbol dictionary decoding progedure

SDTEMPLATE The template identifier used to decode symbol bitmaps in a symbol dictionary dgcoding
procedure

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

SLTP A binary va ue indicating whether the current line was typically predicted and the previqus line
was not, or viceversa

STRIPT The numerically smallest T coordinate in the current strip

SWITCH Whether MPS and LPS are switched on an LPS renormalisation

SYMWIDTH The current bitmap width in a symbal dictionary decoding procedure

T One coordinate of the coordinate system used in atext region decoding procedure

TEMPC A temporary register in the MQ coder

T TheT coordinate of a symboal instance

TOTWIDTH Thetotal width of the bitmapsin aheight class

TPGDON Whether typical predictionis used in ageneric region decoding procedure

TPGRON Whether typical prediction is used in a generic region refinement decoding procedure
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TPGRPIX Whether the current pixel isto be decoded implicitly using a TPGR prediction

TPGRVAL The value of the TPGR-predicted current pixel

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

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

V1 A binary value

V2 A binary value

W, The width of a symbal instance bitmap

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

X The horizontal coordinate of alocation on ahaftone grid

X The horizontal coordinate of a pixel in abitmap

y The vertical coordinate of alocation on ahaftone grid

Y The vertical coordinate of a pixel in abitmap

4.3 Operator definitions

The following operators are defined:

OR If V1and V2 aretwo binary values, then V1 OR V2isequd to 0 if both V1 and V2 areO. It is eanal tol
if either of V1or V2isl. If V1and V2 aretwo integer values, then'itlis the result of bitwise appljication
of OR.

AND If V1 and V2 are two binary values, then V1 AND V2 isequd to O if either of V1or V2isO. It is equal
to 1 if both V1 and V2 are 1. If V1 and V2 are two_ititeger values, then it is the result of pitwise
application of AND.

XOR If V1 and V2 aretwo binary values, then V1 XOR V2“isequal to 0if V1and V2 areequal. It isegqual to
1if V1and V2 differ. If V1 and V2 are two integéer values, then it is the result of bitwise application of
XOR.

XNOR If V1and V2 aretwo binary values, then W1 XNOR V2 isequal to 0 if V1 and V2 differ. Itiseqial to 1
if V1and V2 areequal.

REPLACE If V1and V2 aretwo binary values, then V1 REPLACE V2 isegua to V2.

NOT If V1isabinary value then NOTV1is1lif V1is0,andisOif V1is1l.

min If x and y are numbers, then min(x, y) isthe smaller of x andy.

max If x and y are numbers,then max(x, y) isthe larger of x and y.

| ] If aisanumber,then| alisthe largest integer less than or equal to a.

[] If aisanumben, then| alisthe smallest integer greater than or equal to a.

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

>> If' V1 and V2 are two integers, then V1 >> V2 isthe value obtained by shifting the value of V1 rightward
by'V 2 hits, filling the leftmost V2 bits of the new value with O.

>>p If V1 and V2 are two integers, then V1 >> 5 V2 is the value obtained by shifting the value|of V1
rightward by V2 bits, filling the leftmost V2 bits of the new value with 0 if V1 is non-negative gnd 1 if
V1isnegative.

5 Conventions

5.1 Typographic conventions

All parameter names are given in bold face.

52

Binary notation

Thetwo binary values are denoted as 0 and 1.

10
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Hexadecimal notation

The prefix 0x indicates that the following vaue isto be interpreted as a hexadecimal number (radix 16).

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

54

541

Integer value syntax

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 firgt read the most significant bit of the first byte, then the next most significant bit, and so on, then proceed to the
next byte.

EXAM

54.2

All multi-byte values shall be interpreted in a most-significant-firg manner: the first byte of*each value is th

signifi

EXAM
0x011

543

Thelg
for a
numbe

5.4.4
Unlesq
signed
55
Arrays
EXAM

5.6
A bitm

apixel.

NQ
mo
val
Hoy

PLE — The sequence of bytes 0x2F 0x05 OxC1, if interpreted as a sequence of bits, isthe sequence
001011110000010111000001

M ulti-byte values

Cant, and the lagt byteis theleast significant.

PLE — The sequence of bytes 0x01 0x5C 0x99 OxFA, if interpreted as a four-hyte value, represents th
C99FA.

Bit numbering

bst significant bit of any value is numbered bit 0. For a one-byte value, the most significant bit is numbere
wo-byte value, the most significant bit is numbered bit 15; for<a four-byte value, the most significan
red bit 31.

Signedness

otherwise specified, all multi-bit values shall be treated as unsigned values. When a value is to be treat
number, it shall be interpreted in two's-complementform.

Array notation and conventions
are numbered starting from zero.

PLE — A one-dimensional array=xARR containing twelve elements has elements:

ARR[0], ARR[1], ..., ARR[11]

I mage and bitmap conventions

ap is arectangUlar’array. Every element in this array hasthe value 0 or 1. An element in a bitmap isreferre

TE 1 — Throughout this Recommendation | International Standard, pixelsin bitmaps are treated as having the values 0
5t applications of this Recommendation | International Standard, the application will sdect some interpretation of th
hes.” A typical interpretation of these pixelsis that O represents white, or background, and 1 represents black, or fore

e most

P value

i bit 7;
bit is

0d as a

d to as

or 1. In
ese two
ground.

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

e other

interpretations of these values.

The terms "left", "right", "top", "bottom", "width" and "height" are often applied to bitmaps. These terms do not refer to
any physical aspect of the bitmap: if a bitmap is printed on paper, it may be printed with its "l eft" edge along any edge of
the paper. They are used within this Recommendation | International Standard to refer to the four edges of the bitmap as

shown

in Figure 2.

A pixel in a bitmap isreferred to by a pair of coordinates X and Y, sometimes written as a pair (X, Y). The location
(O, 0) represents the pixe in the top left corner. The X coordinate increases rightwards and the Y coordinate increases
downwards.

If BM

isa bitmap, then the pixe whose coordinatesare X and Y isreferred to as BM[ X, Y].

NOTE 2 — These conventions are intended to make it easer to describe operations involving bitmaps, and are not intended to
imply any physical characterigtics of the image represented by the bitmap.

ITU-T Rec. T.88 (2000 E)
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0.0 \ Top edge
Left edge Right edge
Bitmap
T0828740-99/d02
Bottom edge

Figure2 - Thefour edgesof a bitmap

6 Decoding Procedures

6.1 Introduction to decoding procedures

This Recommendation | International Standard makes use of a number of different decoding procedures for d
f data. Each of these decoding procedures produces a certain kind of data as output. The generic region dg
ure, generic refinement region decoding procedure, halftene region decoding procedure, and text region de
ures al produce regions as their output. The symboldictionary decoding procedure produces an array of s

by the'values of the parameters. These parameters are supplied to the decoding procedure for each invd
same-tecoding procedure may be invoked multiple times during the course of decoding a bitstrean
differgntparameters each time.

fferent
coding
coding
mbols
putput.

H's, but

cations

ch are
cation,
N, with

Some of the decoding procedure parameters are unused in certain circumstances, usualy depending on the values of

other parameters. In these circumstances, no value needs to be specified for those unused parameters.

In this clause, subsequent clauses, and normative annexes, restrictions are placed on the bitstream being decoded.
EXAMPLE 1-In 7.3, some segment types are described as "Reserved; must not be used."

EXAMPLE 2-1n7.4.2.1.1, if the SDHUFF field is O then the SDPHUFFDH field must contain the value 0.

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 O or 1 values, which are coded one pixel at atime (i.e. it
is used to decode a bitmap usng smple, generic, coding). The decoding procedure also modifies an array of probability
information which may be used by other invocations of thisgeneric region decoding procedure.

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

AIternatrver, for |mproved speed but reduced compron the generrc region decodr ng procedure may be based on
T ) orithm

6.2.2 Input parameters

The parametersto this decoding procedure are shown in Table 2.

Table 2 — Parametersfor the generic region decoding procedure

Name Type (tSJiifS) Signed? Descriptieriand restrictions
MMR Integer 1 N Whether MMR cading’is used.
GBW Integer 32 N The width of tfie region.
GBH Integer 32 N The helght.of the region.
GBTEMPLATE Integer 2 N The template identifier.d
T|PGDON Integer 1 N Whether typical prediction is used.?
USESKIP Integer 1 N Whether some pixels should be skipped in the decoding.?
q

KIP Bitmap A bitmap indicating which pixels should be skipped. GBW
pixdswide, GBH pixds high.9

GBATX Integer 8 Y The X location of the adaptive template pixel A;.2
GBATY, Integer 8 Y The'Y location of the adaptive template pixel A;.2
GBATX, Integer 8 ' The X location of the adaptive template pixel A,.P
GBATY, Integer 8 Y The'Y location of the adaptive template pixel A,.P
GBATX; Integer 8 ' The X location of the adaptive template pixel Ag.P
GBATY Ififeger 8 ' The'Y location of the adaptive template pixel Ag.P
GBATX, Integer 8 N The X location of the adaptive template pixel A,P
GBATY, Integer 8 ' The'Y location of the adaptive template pixel A,P

Unused if MMR =1 or GBTEMPLATE #0.

ZJ' Unused i MMR = 1.
9  Unusedif USESKIP=0or MMR =1.

6.2.3 Return value

The variable whose value is the result of this decoding procedureis shown in Table 3.

Table3 —Return value from the generic region decoding procedure

Size

Name Type (bits)

Signed? Description and regtrictions

GBREG Bitmap The decoded region bitmap.
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6.24

Variables used in decoding

The variables used by this decoding procedure are shown in Table 4.

Table4 —Variablesused in the generic region decoding procedure

Name Type (ﬁifse) Signed? Description and regtrictions
LTP Integer 1 N Whether the current image lineis coded explicitly.?
SLTP Integer 1 N Whether the current line's LTP value differs from the previous
lings LTP valued
CIONTEXT Integer 16 N The values of the pixelsin the template.?
aJ Unusedif MMR = 1.

6.25

6.2.5

If MMR is O the generic region decoding procedure is based on arithmetic coding with/a template to determ
coding state. The remainder of 6.2.5 describes this form of decoding, and only applies whentMMR is0.

6.2.5

The cqding algorithm iterates through the bitmap in raster scan order, that is; by rows from top to bottom, and

each

relatiopship to the target pixel.

Near

bounds references shall be:
»  All pixelslying outside the bounds of the actual bitmaptave the value 0.

6.25

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

14

.1 General description

.4 Coding order and edge conventions

.3 Fixed templates

Decoding using a template and arithmetic coding

nmow from left to right. The processing for a current target pixel‘will reference some pixels in fixed

the edges of the bitmap, these neighbour references might not\lie in the actual bitmap. The rule to satisfy

Al XX XA
Alx x| x]x|x]A

X XXX Q T0828750-99/d03

Figure 3 - Template when GBTEMPLATE =0,

ne the

within

spatial

put-of-

efine a
ough a
bligned

showing the AT pixelsat their nominal locations

x| x|x|x|x]|A

X x| x1O
T0828760-99/d04

Figure 4 — Templatewhen GBTEMPLATE =1,
showing the AT pixel at itsnominal location
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Figure 3 shows the template which shall be used when GBTEMPLATE is 0. Figure 4 shows the template which shall be
used when GBTEMPLATE is 1. Figure 5 shows the template which shall be used when GBTEMPLATE is2. Figure 6
shows the template which shall be used when GBTEMPLATE is 3. In each of these figures, the pixel denoted by a
circle corresponds to the pixel to be coded and is not part of the template. The pixels denoted by X' correspond to
ordinary pixelsin the template. The pixels denoted A 1-A4 are special pixelsin the template. They are denoted "adaptive'
or AT pixels. These pixels are special in that their locations are not fixed, but can be placed at different locations.
See 6.2.5.4 for a description of AT pixels. The legends A1-A4 indicate the AT pixels 1 to 4. The pixels actua locations
are specified as parameters to this decoding procedure; Figures 3 to 6 show the nominal locations of these AT pixels for
each template.

The values of the pixelsin the template shall be combined to form a context. Each pixel in the template (including the
adaptive pixels) shal 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 16 pixels in the template contexts can take on up to 65536
dlffa-n t v aline Thic anntay + daall ha ticad 0 1 Aot aarelh adantin o oAl L ki Al ln.n..rv-.nl tha ot L-]malc

t-vartes: ||||qwu|.u\|. ST DCOXT Luluululy VVIII\.:IIWLA’.IIV\.".IIULIWIIII.] \Te aappie soxe giop) OO uy |apivne o)

coder for encoding the pixel to be coded (see Annex E).

A

O T0828770-99/d05

Figure5— Template when GBTEMPLATE = 2,
showing the AT pixel at itsnominal location

T0828780-99/d06

Figure 6 — Template when GBTEMPLATE = 3,
showing the AT pixel at itsnominal location

NQTE 1 - A rule of thumb is to use large templates for large bitmaps. Thus a full-size periodic halftone should be coded Yvith the
16-pixel template and tiny bitmaps-such as usua 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
shauld be used. It is aso'possible to generate further templates by placing one or more of the AT pixels on top of alregular
template pixd, thus fixing(ts value.
NQTE 2 — The 10-pixel/templates are those used in ITU-T Rec. T.82 | ISO/IEC 11544 (JBIG). Software execution gpeed is
sonfewhat higher with the two-line template than any of the three-line templates. For most images the 10-pixd, three-line template
gives higher campression than the 10-pixel, two-line template.

6.25.4 Adaptive template pixels

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

The pixels that are allowed to change are called AT pixels. Their nomina locations are indicated by 'A4', 'A2', 'Ag, and
‘A4 in Figures 3, 4, 5 and 6. Note that some templates have fewer than four AT pixds. In genera, an AT pixel can be
located anywhere in the field shown in Figure 7, not including the current pixel. Hence, there is the possibility of using
an effective template size of 15, 14, 13, 12 or 9 pixds by having the moved location of the AT pixel overlap aregular
template pixel. The actual locations of the AT pixels for any invocation of this decoding procedure are specified as
parameters to the decoding procedure. The location of the pixel A; is given by (GBATX;, GBATY,). If
GBTEMPLATE isO then:

e thelocation of the pixel Asisgiven by (GBATX,, GBATY 9);
» thelocation of the pixel Azisgiven by (GBATX3, GBATY 3);

e andthelocation of the pixel A4isgiven by (GBATX4, GBATY ).
NOTE 1 — Some profiles may restrict AT pixel locations to asmaller range than that shown in Figure 7.
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NOTE 2 —The indices of the AT pixels in Figure 3 correspond to the expected goodness. If moving only one AT pixel from its
nominal location, it is advisable to move A4. The next pixel to moveis Az and so on.

NOTE 3 —The nominal locations of the AT pixels are as shown in Table 5. These locations should be used unless other locations
improve compression performance. Some profiles may restrict AT pixel |ocations to only these nomina locations.

NOTE 4 — If an AT pixel's location overlaps any regular template pixel's location, then the AT pixe's value can be ignored (since
it duplicates another value). This can reduce the memory requirements of the decoder, since not al CX values can occur.
However, when TPGD is enabled (TPGDON = 1), the context used to code the SLTP value is used, regardless of whether AT
pixes overlap regular template pixels. This means that contexts where the AT pixel's value differs from the regular template
pixel's value can still occur, but only for SLTP when TPGD is enabled.

(128 128) - 128) [{a) 128\ (1 128\ (127 128\
\ T 7 \ T 7 A 7 Akl 7 \ T 7
(-128, -1) o (-1, -1) (0, -1) (1,-1) C (127, -1)

T0828790-99/d07
(-128,0) e (-1,0) O

Figure 7 —Field to which AT pixel locationsarerestricted

Table5— The nominal.values of the AT pixel locations

GBATX1 GBATX> GBATX3 GBATX4
GBTEMPLATE GBATY1 GBATY> GBATY3 GBATY,4
3 -3 2 -2
0 a 1 ) 2
1 3 NA NA NA
1 NA NA NA
) 2 NA NA NA
1 NA NA NA
3 2 NA NA NA
_1 NA NA NA
NOTE <= NA means that the parameter has no nomina value.

6.2.5.5—Typicaprediction for generic direct codinmg (TPGD)

Typical prediction for generic direct coding can be enabled or disabled with the TPGDON parameter. If typical
prediction for generic direct coding is enabled (TPGDON is 1), then before the first pixel of each row is decoded, a
value indicating that arow istypical shal be decoded. If therow istypical then each pixel of thisrow isidentical to the
corresponding pixel in the row immediately above, and so no other pixels of this row need to be decoded. If the row is
not typical, then each pixel of thisrow needs to be decoded.

NOTE — The value decoded before the first pixel of each row isnot used in any pixe's template.

6.25.6 Skipped pixels

If the parameter USESKIP is 1, then the parameter SKIP contains a GBW-by-GBH hitmap. 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, isnot actually decoded.
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6.2.5.7 Decoding the bitmap

The decoding of the bitmap proceeds as follows:
1) Set

LTP =0

2) Create abitmap GBREG of width GBW and height GBH pixels.
3) Decode each row asfollows:
a) If all 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

hit varioc donocndina - an-thatomnlatain oo
PHYAHES EHrRg-ortheternprateHuse

cepert

« If GBTEMPLATE isO, use the context shown in Figure 8.
« If GBTEMPLATE is1, usethe context shown in Figure 9.
« If GBTEMPLATE is 2, usethe context shown in Figure 10.
« If GBTEMPLATE is 3, usethe context shown in Figure 11.
Let SLTP be the value of this bit. Set:

LTP = LTPXORSLTP

NOTE - In Figures 8 through 11, the template is shown with the AT pixel or pixelsin their nominal lgcations.
The same pixel values (0 or 1) shall be used for the AT pixels ne matter what their actud locations are. [That is,
moving the AT pixels does not affect the context that is used to-decode SLTP.

c] If LTP =1 then set every pixel of the current row of GBREG equal to the corresponding pixel of the row
immediately above.

d] If LTP =0 then, from l€ft to right, decode each pixel_of;the current row of GBREG. The procedure for each
pixd isasfollows:

i) If USESKIP is 1 and the pixd in the bitmag:SK P at the location corresponding to the current piXe is 1,
then set the current pixel to 0.

ii) Otherwise
» Place the template given. by parameters GBTEMPLATE, GBATX; through GBATX4 and

GBATY 1 through GBAT YY), so that the current pixel is aigned with the location denoted by @ circle
in the figure describing the appearance of the template with identifier GBTEM PLATE.

* Form an integer CONTEXT by gathering the values of the image pixels overlaid by the tgmplate
(including AT pixels) at its current location. The order of this gathering is not standardised, 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 CX sef to the
value-formed by concatenating the label "GB" and the 10-16 pixel values gathered in CONITEXT.
Theresult of thisinvocation isthe value of the current pixel.

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

0 1 0 1 Q T0828800-99/d08

Figure 8 — Reused context for codingthe SLTP value
when GBTEMPLATE isO
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ojojJ1]1
1]1]J]0j0]1}]o0

1 0 1 O T0828810-99/d09

Figure 9 — Reused context for coding the SLTP value
when GBTEMPLATE is1

0jo|1

6.2.6
If MM

descrifped in ITU-T Recommendation T.6, with the following exceptions:

e A
b

. T

o I

W

shall be interpreted as follows:

1]1]ofof1]

0 1 Q T0828820-99/d10

Figure 10 — Reused context for coding the SLTP value
when GBTEMPLATE is2

OllOOll‘

0]J]1]0]1 O T0828830-99/d11

Figure 11 — Reused context for coding the SL TP value
when GBTEMPLATE.s3

Decoding usng MM R coding
R is 1, the generic region decoding procedure:i&identical to an MMR (Modified Modified READ) decoder

n invocation of the generic region decoding procedure with MM R equal to 1 shall consume an integral nurmber of
Jtes, beginning and ending on a byte boundary. This may involve skipping over some hitsin the last byte read.

he decoder in ITU-T Recommendation-T.6 is specified as producing pixels whose value may be either "black™ or
vhite". For the purposes of this.Recommendation | International Standard, the result of using the MMR decoder

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 be treated as having the value O.
the number of bytes contained in the encoded bitmap is known in advance, then it is permissible for the data

stream not to centain an EOFB (000000000001000000000001) &t the end of the MMR-encoded data. The cases

here the number of bytes is known are when this decoding procedure isinvoked:
fromawithin the pattern dictionary decoding procedure;
from within the symbal dictionary decoding procedure; or

aspart of decodi ng-a gmprir‘ rpginn whose data Imgfh isknoan

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

NOTE 1 - The sources of the byte count, in the cases whereit is known, are:

18

Within the pattern dictionary decoding procedure, the byte count is known because all the segment data, beyond the fixed-
length data header, is a single MM R-encoded data block, so the MMR data length can be computed from the segment data
length.

Within the symbol dictionary decoding procedure, the byte count isknown from BM SIZE.
Within the generic region decoding procedure, the byte count is again known from the segment data length.

The reason for allowing EOFB 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 size; in
symboal dictionaries, where there are often many small bitmaps encoded separately, this savings can be significant.
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NOTE 2 — A decoder can take a number of approaches to dea with EOFB in the cases whereit is optional. These approaches 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, alow the
MMR decoding procedure to examine no more bytes than are known to be part of the MM R-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.

Invoke the MMR decoding procedure, and never check for EOFB after the bitmap has been decoded, in the cases where
EOFB isoptiond. If the MMR decoding procedure consumes fewer bytes than are known to part of the MM R-compressed
data block, thisis not an error, but anormal condition indicating that EOFB was present. Skip over such unconsumed bytes.

»  Theextension codes of T.6, including uncompressed mode, must not be present in the MMR-encoded data.
NOTE 3-MMR provides |ess compression than image bitmap compression based on arithmetic coding. Image bitmap decoding

A time.
is. The
ession.
ccoded

using MMPR isfadter than image hitmap decoding based on arithmetic coding
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
Therelis a reference bitmap known to the decoding procedure, and this is used as part of(the decoding proce;
referenjce bitmap is intended to resemble the bitmap being decoded, and this similarity isUsed to increase compr
Each pixel is decoded using a context comprising pixels drawn from the reference bitmap,as well as previously-d
pixels from the bitmap being decoded.
6.3.2 Input parameters
The parametersto this decoding procedure are shown in Table 6.
Table 6 — Parametersfor the generic refinement region decoding procedure
Size " - .
Name Type (bits) Signed? Description and regtrictions
GRW Integer 32 N The width of the region.
GRH Integer 32 The height of the region.
GRTEMPLATE Integer 1 N The template identifier.
GRREFERENCE Bitmap The reference bitmap.
GRREFERENCEDX Integer 32 Y The X offset of the reference bitmap with respect to the
bitmap being decoded.
GRREFERENCEDY Integer Y The Y offset of the reference bitmap with respect to the
32 bitmap being decoded.
TIPGRON Integer 1 N Whether typical prediction for generic refinement is used.
GRATX, 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
GRATXjs Integer 8 Y The X location of the adaptive template pixel RA,.2
GRATYS Integer 8 Y The'Y location of the adaptive template pixel RA,.2
M Jhusec - GRTEMPLATE 2D
6.3.3 Return value

The variable whose value is the result of this decoding procedureis shown in Table 7.

Table 7 — Return value from the generic r efinement region decoding procedure

Name

Type

Size
(bits)

Signed?

Description and regtrictions

GRREG

Bitmap

The decoded region bitmap.

ITU-T Rec. T.88 (2000 E)
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6.3.4

Variables used in decoding

The variables used by this decoding procedure are shown in Table 8.

Table8—Variablesused in the generic refinement region decoding procedure

Name Type (tSJiifS) Signed? Description and regtrictions

CONTEXT Integer 13 N The values of the pixelsin 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
previousline's LTP value.®

TIPGRPIX Integer 1 N Whether the current pixel isto be decoded implicitly usingla
TPGR prediction.?

TIPGRVAL Integer 1 N Value of the TPGR-predicted current pixel .3

3 Unusedif TPGRON =0.

6.3.5

6.3.5.1

Decoding using a template and arithmetic coding

General description

The ganeric refinement region decoding procedure is based on arithmetic coding with atemplate to determine the
state. Theremainder of 6.3.5 describes this form of decoding.

6.3.5.

Coding order and edge conventions

The cqding algorithm iterates through the refine bitmap being,.decoded, along with a reference bitmap, in rast
order. [That is, it iterates by rows from top to bottom, and withifveach row from left to right. The processing for a

target pixe will reference some pixes in fixed spatial relationship to the target pixel. Some of these pixels arg

from the reference version of the bitmap, and some of thesepixels are drawn from the aready-coded pixels of the

bitmag.

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

A

6.3.5.3

A template defines a neighbouthood around a pixel to be coded. The values of the pixels in this neighbourhood d
context. Each context has its‘Own adaptive probability estimate used by the arithmetic coder (see Annex E). Alth

I pixelslying outside the bounds of the actual bitmap or the reference bitmap have the value O.

Fixed templates and adaptive templates

template is a geometric pattern of pixels, the pixelsin atemplate are said to take on values when the template is

with a

particular part of the image.

coding

b scan
current
drawn
refined

put-of-

efine a
ough a
bligned

RAJ x | x | RAJ x | x
x{O x | x
XXX

T0828840-99/d12

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

Figure 12 shows the template which shall be used when GRTEMPLATE is 0. Figure 13 shows the template which shall
be used when GRTEMPLATE is 1. In each of these figures, the left-hand group indicates the pixels from the aready-
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 pixd denoted by a circle;

20
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these pixels all correspond to the pixel to be coded. The pixels marked with an 'X' correspond to ordinary pixelsin the
template. The pixels denoted RA1-RA, are specia pixels in the template. They are denoted "adaptive' or AT pixels.
These pixels are specia in that their locations are alowed to change during the process of encoding the image.
See 6.3.5.4 for adescription of AT pixels. Thelegends RA1-RA indicate the nominal locations of AT pixels1to 2.

The AT pixel RA; can belocated anywherein the field shown in Figure 7, not including the current pixel. The AT pixel
RA, can be located anywhere in the range (—128, —128) to (127, 127) in the reference bitmap.

The pixels in the left hand group of each template shall be aligned with the aready-decoded pixels of the bitmap being
decoded, with the pixel denoted by acircle lying on the pixel to be decoded. Let (X, Y) bethelocation 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 pixelsin the template shall be combined to form a context. Each pixel in the template (including the adaptive pixels)
shall carrespond 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 valugs. This
context shall be used to identify which adaptive probability estimate shall be used by the arithmetic coder forerjcoding
the piXel to be coded (see Annex E).

X [ x [x | x|
x|O | x |®)] x
x | x

T0828850-99/d18

Figure 13 — 10-pixel refinement template

6.3.5.4 Adaptivetemplate pixels
In coding the image, the template shall be allowed to changein the restricted way described in this clause.

The pikels that are alowed to change shall be called AT pixels. Their sandard locations are indicated by 'RA" anfl 'RA,'
in Figdyre 12. Note that only one template has AT pixels.

6.3.5.3 Typical prediction for generic refinement (TPGR)

Typicd prediction for generic refinement can-be enabled or disabled with the TPGRON parameter. If typical prediction
for generic refinement is enabled (TPGRON is 1) then before the first pixel of each row is decoded, a value indicating

3 coded.
ith the
criteria

3) Decode each row as follows:

a) If all GRH rows 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 used to decode this
bit varies depending on the template in use:

e |If GRTEMPLATE is0, usethe context shown in Figure 14.
e |If GRTEMPLATE is1, usethe context shown in Figure 15.
Let SLTP be the value of this decoded hit. Set:

LTP = LTPXORSLTP
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c)

If LTP =0 then, from l€ft to right, explicitly decode all pixels of the current row of GRREG. The procedure for
each pixd isasfollows:

i)

i)

i)

Place the template given by parameters GRTEMPLATE (and GRATX,, GRATY{, GRATX, and
GRATY, if GRTEMPLATE is 0) so that the current pixel is aligned with the location denoted by a
circlein the figure describing the appearance of the template with identifier GRTEMPLATE.

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 is not standardised, but must be
consistent and independent of the location of the AT pixels.

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
thisinvocation is the value of the current pixel.

4)

EXAMPLE —If GRTEMPLATE is 1, the image pixels overlaid by the template are as shgwn in
Figure 15, and the pixels are gathered in reading order (in rows from top to bottom, and withinyeach row
from l€ft to right, with the pixels in GRREG considered before the pixelsin GRREFERENCE), then CX
is set to "GR0O000001000".

If LTP = 1then, from left to right, implicitly decode certain pixels of the current row of GRREG, and explicitly

decode therest. The procedure for each pixel isas follows:

i)

i)
i)

Set TPGRPIX equal to 1if:
« TPGRONis1AND;

a3 x 3pixe array in the reference bitmap (Figure 16), centredhat’the location corresponding to the
current pixel, contains pixels all of the same value.

When TPGRPIX is set to 1, set TPGRVAL equa to the-elirrent pixel predicted value, which| is the
common val ue of the nine adjacent pixelsin the 3 x 3 array;

If TRPPIX is 1 then implicitly decode the current ‘pixe by setting it equal to its predicted value
(TPGRVAL).

Otherwise, explicitly decode the current pixel*using the methodology of steps3c) i) through B ¢) iii)
above.

After all the rows have been decoded, the current contents of the bitmap GRREG are the results that hal be
obtained by every decoder, whether it performsthis exact sequence of steps or not.

ooo‘ ololo
0O 0|®]o
olofo

T0828860-99/d14

Figure 14 — Reused context for coding the SLTP value
when GRTEMPLATE is0O

ooo‘ o]
0O ‘o@o
0o]o

T0828870-99/d15

Figure 15 — Reused context for coding the SLTP value
when GRTEMPLATE is1
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Figure 16 — TPGR template

6.4
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Text Region Decoding Procedure

General description

ecoding procedure is used to decode a bitmap by decoding a number of symbol instances,‘A) Symbol i
salocation and a symbol ID, and possibly arefinement bitmap. These symbol instances aré.combined to f

bitmap.

[TE — This decoding procedure will normally be used to decode the text part of a page. Theymbols are normally sin

Facters from some font or alphabet.

Input parameters

rametersto this decoding procedure are shown in Table 9.

[TE — The values of some of these parameters in a typical Situation, wkiere-a bitmap containing text characters in s

En

lish reading order is being decoded, and 1 isthe foreground pixel value are:

DEFPIXEL isO
COMBOPisOR

* TRANSPOSEDisO

EFCORNER isBOTTOMLEFT

Table 9 — Parameter sfor thetext region decoding procedure
Name Type (tS)iif; Signed? Description and regtrictions
PBHUFF Integer 1 N Whether Huffman coding is used.
PBREFINE Integer 1 N Whether refinement coding is used.
BW Integer 32 N The width of the region.
$BH Integer 32 N The height of the region.
PBNUMINSTANCES Integer 32 N The number of symbol instancesin thisregion.
PBSTIRIPS Integer 4 N The size of the symboal instance strips. May take on the
values 1, 2, 4 or 8.
SBNUMSYM'S Integer 32 N The number of symbols that may be used in this region.
SBSYMCODES Array of Huffman codes An array containing the codes for the symbols used in this

region. Contains SBNUM SYM S codes.?

SBSYMCODELEN Integer ‘ 6 ‘ N The length of the symbol codes used in IAID.9

SBSYMS Array of symbols An array containing the symbols used in thistext region.
Contains SBNUM SYM S symbols.

SBDEFPIXEL Integer ‘ 1 ‘ N The defauilt pixel for this bitmap.

SBCOMBOP Operator The combination operator for this text region. May teke
on the values OR, AND, XOR and XNOR.

TRANSPOSED Integer \ 1 \ N Whether the strips run vertically.

ITU-T Rec. T.88 (2000 E)
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Table 9 (concluded)
Size ! - .
Name Type (bits) Signed? Description and regtrictions

REFCORNER Corner The reference corner of each symbol instance bitmap.
May take on the values TOPLEFT, TOPRIGHT,
BOTTOMLEFT and BOTTOMRIGHT.

SBDSOFFSET Integer ‘ 5 ‘ Y An offset for al the delta S values.

SBHUFFFS Huffman table The Huffman table used to decode the S coordinate of the
first symbol instancein each strip.d

SBHUFFFDS Huffman table The Huffman table used to decode the S coordinate of
bu'uycqucut DyIIIlUU: III&LGI\;CDIII Cu\.,:l S.‘-IllJ.

PBHUFFDT Huffman table The Huffman table used to decode the difference in(T
coordinates between non-empty strips.?

PBHUFFRDW Huffman table The Huffman table used to decode the differénce between
a symbol's width and the width of a refinement coded
bitmap.?)

PBHUFFRDH Huffman table The Huffman table used to decodethe difference between
a symbol's height and the height of-a refinement coded
bitmap.?)

PBHUFFRDX Huffman table The Huffman table usedto decode the difference between
asymbol instance's X ¢coordinate and the X coordinate of]|
arefinement coded pitmap.?)

PBHUFFRDY Huffman table The Huffman table used to decode the difference between
asymbol instance's Y coordinate and the Y coordinate of]
arefinement coded bitmap.?)

PBHUFFRSIZE Huffman table The Huffman table used to decode the size of a symbol
instance's refinement bitmap data.?)

PBRTEMPLATE Integer 1 N Templateidentifier for refinement coding of symbol
instance bitmaps.9)

PBRATX, Integer 8 Y The X location of the adaptive template pixel RA;.9

PBRATY, Integer 8 Y The'Y location of the adaptive template pixel RA;.9

PBRATX, Integer 8 Y The X location of the adaptive template pixel RA,.9

PBRATY, Integer 8 Y The'Y location of the adaptive template pixel RA,.9

3 Unusedif SBHUFF =0.

b} Unused if SBHUFF =0 or SBREFINE =0.

% Unusedif SBREFINE = 0.

4 Unusedif SBHUFF = X

6.4.3 Return valte
The variablewhose value is the result of this decoding procedureis shown in Table 10.

Tabteto=Returmvatuefromrthetext regiomdecodimgprocedare

Size

Name Type (bits)

Signed?

Description and regtrictions

SBREG Bitmap

The decoded region bitmap.

6.4.4 Variables used in decoding

The variables used by this decoding procedure are shown in Table 11.
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Table 11 - Variablesused in the text region decoding procedure

Name Type (ﬁif; Signed? Description and regtrictions

STRIPT Integer 32 Y The numerically smallest T coordinate in the current strip.

FIRSTS Integer 32 Y Thefirst S coordinate of the current strip.

NINSTANCES Integer 32 N A symboal 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.

URS Integer 32 Y The current S coordinate.

QURT Integer 3 N The current symbol instance's T coordinate rel ative taithe
current strip.

S Integer 32 Y A symbol instance's S coordinate.

T Integer 32 Y A symbal instance's T coordinate.

1D, Integer 32 N A symbal instance's symbol ID.

1B Bitmap A symbal instance's symbol bitniap:

W Integer 32 The width of a symbol ingance's symbol bitmap.

H, Integer 32 The height of a symbolcinstance's symbol bitmap.

IDS Integer 32 The difference in 8 coordinates between two symbol
instances withipra &rip.

R Integer 1 N Whether asymbol instance's symbol bitmap is coded using
refinement:

RDW, Integer 32 Y The deltawidth of a symbol instance's refinement bitmap.al

HRDH, Integer 32 Y Thedeta height of asymbal instance's refinement bitmap.*b

RDX| Integer 32 Y The delta X of a symbal instance's refinement bitmap.?

RDY Integer 32 Y. TheddtaY of asymbal instance's refinement bitmap.?

1BO, Bitmap A symbol ingtance's original symbol bitmap.?

IO, Integer 32 N The width of 1BO,.2

Ho, Integer 32 N The height of 1BO,.2

8 Unusedif SBREFINE = 0.

6.4.5 Decoding thetéxt region

A symbol-coded_bitmap is represented by a set of symbol instances. Each symbol instance encodes a locs
symbd ID, and\passibly refinement information. The location of each symbol instance comprises an S coordinat
T coordinate-[f. TRANSPOSED is 0, then the S coordinate axis corresponds to the X axis of the bitmap, and the
corregponds to the Y axis of the bitmap. If TRANSPOSED is 1, then the S coordinate axis corresponds to the Y
the bitmap; and the T axis corresponds to the X axis of the bitmap.

tion, a
P and a
T axis
axis of

NOTE 1 —Transposing the coordinate axes allows efficient coding of text running verticaly. The reference corner is variable
because the mogt efficient coding is usually obtained when the reference corner of each symbol instance lies on a text baseline,
and the text baselines may run in any direction.

In order to improve compression, symbol instances are grouped into strips according to their T; values. This is done
according to the value of SBSTRIPS. Symbol instances having T, val ues between 0 and SBSTRIPS — 1 are grouped into
one strip, symbal instances having T, values between SBSTRIPS and 2 x SBSTRIPS — 1 into the next, and so on.
Within each strip, the symbol instances are coded in the order of increasing S coordinate.

NOTE 2 —Normally the strips occur in the order of strictly increasing T coordinates, and the symbol instances within each strip
occur in the order of nondecreasing S coordinates. However, it is possible for negative delta S or delta T values to occur during the
decoding, meaning that the strips and symbol instances might occur in any order.

ITU-T Rec. T.88 (2000 E)
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The overall structure of the data to be decoded in order to reconstruct the text region is shown in Figure 17. The format
of each strip is as shown in Figure 18. When SBREFINE is 0O, the format of each symbol instance is as shown in
Figure 19. When SBREFINE is 1, the format of each symbol ingtanceis as shown in Figure 20.

NOTE 3 —There may be some symbol instances whose reference corner lies off the top of the region. If these are to be coded,
there must be some way to have a strip that aso lies above the top of the region. The initid value of STRIPT isthe coordinate with
respect to which the first stripislocated.

Initial STRIPT value

First strip

Second strip

Last strip

Figure 17 — Coded structure of a text region

Delta T

First symbol instance

Second symbol instance

Last symbol instance

(0]6]=]

Figure 18 — Strycture of a strip

Symbol instance S coordinate

Symbol instance T coordinate

Symbol instance symbol ID

Figure'19 — Structur e of a symbol instance when SBREFINE is0

Symbol instance S coordinate

Symbol instance T coordinate

Symbol instance symbol ID

Symbol instance refinement information

Figure 20 — Structure of a symbol instance when SBREFINE is1

Theresult of decoding atext region shall be the bitmap that is produced by the following steps:
1) Fill abitmap SBREG, of the size given by SBW and SBH, with the SBDEFPIXEL value.

2) Decode the initial STRIPT value as described in 6.4.6. Negate the decoded value and assign this negated value to
the variable STRIPT. Assign the value 0 to FIRSTS. Assign the value 0 to NINSTANCES.
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Decode each strip as follows:

If NINSTANCES is equa to SBNUMINST ANCES then there are no more strips to decode, and the process of
decoding the text region is complete; proceed to step 4).

Decode the gtrip'sdelta T value as described in 6.4.6. Let DT be the decoded value. Set:

a)

b)

STRIPT = STRIPT + DT

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:

i

FIRSTS = FIRSTS + DFS
CURS = FIRSTS

Otherwisg, 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 $ymbol
instance of the strip has been decoded; proceed to step 3 d). Otherwise, let IDS be'the decoded valug. Set:

CURS = CURS +IDS + SBDSOFFSET

NOTE 4 — The intended use of SBDSOFFSET is to make the most common value decoded in 6.4.8 zaro. The
shortest code in all of the default tables used in 6.4.8 is for the value zexo.

Decode the symbol instance's T coordinate as described in 6,4.9, Let CURT be the decoded value. Set:

Ty = STRIPT + CURT

iv) Decode the symbol instance's symbol ID as described in 6.4.10. Let ID; be the decoded value.
v) Determine the symbol instance's bitmap 1B;-as described in 6.4.11. The width and height of this pitmap
shall be denoted as W and H, respectively;
vi) Update CURS as follows:
* If TRANSPOSED is0, and REFCORNER is TOPRIGHT or BOTTOMRIGHT, st:
CURS = CURS + W, — 1
* If TRANSPOSED is 1, and REFCORNER isBOTTOMLEFT or BOTTOMRIGHT, set:
CURS = CURS + H -1
»  Otherwise, do not change CURS in this step.
vii) Set:

S = CURS

viii) Determine the location of the symbol instance bitmap with respect to SBREG as follows:

« If TRANSPOSED isO0, then:

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

- If REFCORNER is TOPRIGHT then the top right pixel of the symbal instance bitmap IB,
shall be placed at SBREG[S, T|].

- If REFCORNER isBOTTOMLEFT then the bottom left pixel of the symbol instance bitmap
IB, shall be placed at SBREG[S, T|].

- If REFCORNER is BOTTOMRIGHT then the bottom right pixel of the symbal instance
bitmap 1B, shall be placed at SBREG[S, T|].

ITU-T Rec. T.88 (2000 E) 27


https://standardsiso.com/api/?name=a8880807077b76b9c1137e2d1e02079f

ISO/IEC 14492 : 2001 (E)

+ If TRANSPOSED is 1, then:

- If REFCORNER is TOPLEFT then the top left pixel of the symbal instance bitmap IB; shall

be placed at SBREG[ T, S].

- If REFCORNER is TOPRIGHT then the top right pixel of the symbol instance bitmap 1B,

shall be placed at SBREGIT;, S].

- If REFCORNER isBOTTOMLEFT then the bottom left pixel of the symbol instance bitmap

IB, shall be placed at SBREGI[T}, S].

- If REFCORNER is BOTTOMRIGHT then the bottom right pixel of the symbol instance

bitmap IB, shall be placed at SBREG[ T, S].

If any part of IB;, when placed at this location, lies outside the bounds of SBREG, then ignore this

faf 1D . <k Lo WPANHIVAY
PGILUI L= III&C‘J\JL’) II\).

combination into that pixel in SBREG.
x) Update CURS asfollows:
* If TRANSPOSED is0, and REFCORNER is TOPLEFT or BOTTOMLEFT, 'set:

CURS =CURS + W -1

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

CURS = CURS + H| -4

»  Otherwise, do not change CURS in this step.

NQTE 5 — The CURS update rules are designed to allow the gap between adjacent symbol instances to be encoded, rather

disfance between their reference corners; this takes out one source'of variation (the symbol instance bitmap width or heig

allqws better compression.

o

4 A

6.4.6

If SBH
SBST

If SBH
resulti

6.4.7

Xi) Set:

NINSTANCES = NINSTANCES + 1

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

Strip delta T

UFF is 1, decode a value using the Huffman table specified by SBHUFFDT and multiply the resulting v
RIPS.

UFF is.0;, decode a value using the IADT integer arithmetic decoding procedure (see Annex A) and multi
g valie-by SBSTRIPS.

Eirs symbal indance S coordinate

fter all the strips have been decoded, the current contents of SBREG are the results that shall be obtained by
décoder, whether it performsthi's exact sequence of steps or not.

iX) Draw IB; into SBREG. Combine each pixel of 1B, with the current value of the corresponding pixel in
SBREG, using the combination operator specified by SBCOMBOP. Write the resuls of each

han the

ht), and

every

blue by

ply the

NOTE - The symbol instance S coordinate vdue for the first symbol instance of each srip is coded differently from the
subsequent symboal instances in each strip. This takes advantage of the beginnings of lines being aligned.

If SBHUFF is 1, decode a value using the Huffman table specified by SBHUFFFS.

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

6.4.8

Subsequent symboal instance S coor dinate

If SBHUFF is 1, decode a val ue 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 theresult of this decoding is the out-of-band value OOB.

28
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6.4.9 Symboal instance T coor dinate

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

If SBHUFF is 1, decode a value by reading[ 1og »SBSTRIPS] bits directly from the bitstream.
If SBHUFF is O, decode avalue usng the IAIT integer arithmetic decoding procedure (see Annex A).

6.4.10 Symboal instance symbal ID

NOTE - If SBSTRIPS = 1, then no bits are consumed, and the IAIT integer arithmetic decoding procedure is never invoked.

If SBHUFF is 1, decode a value by reading one bit a a time until the resulting hit string is equal to one of the entriesin
SBSYM CODES. Theresulting value, which is IDy, isthe index of the entry in SBSYM CODES that isread.

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

6.4.11] Symbol instance bitmap
In sonpe cases, the symbol instance bitmap 1B, is smply the bitmap of the symbol identified by ID,. In othex
howevgr, the symbol instance bitmap is that bitmap modified by additional refinement information. The bit ing
whichof the optionsistrue for asymbol inganceiscalled R,.
If SBREFINE isO, then set R, to 0.

If SBREFINE is 1, then decode R, asfallows:

If R i30 then set the symbol instance bitmap 1B, to SBSYM §[ID].

If R ig1 then determine the symbol instance bitmap as fellows:

6)

7)

Iff SBHUFF is 1, then read one bit and set R, to the value of that hit.

Iff SBHUFF is 0, then decode one bit using the IARI integer arithmetic decoding procedure and set R, to th
of that hit.

ecode the symbol instance refinement deltawidth as described in 6.4.11.1. Let RDW, be the value decoded.
ecode the symbol instance refinement(detta height as described in 6.4.11.2. Let RDH, be the value decoded.
ecode the symbol instance refingment X offset as described in 6.4.11.3. Let RDX, be the value decoded.
ecode the symbol instance refinement Y offset as described in 6.4.11.4. Let RDY, be the value decoded.
IffSBHUFF is 1, then:

a] Decode the symhol instance refinement bitmap data size as described in 6.4.11.5.

b] Skip over.anybitsremaining in thelast byte read.

-

bt 1BO, _beSBSYM J[ID)]. Let WO, be the width of IBO, and HO; be the height of IBO;. The symboal i
bitmap 48} is the result of applying the generic refinement region decoding procedure described in 6.3.
p@rameters to this decoding procedure as shown in Table 12,

to the

Ccases,
icating

b value

hstance
Set the

If SBHUFF 1s1, then skip over any bits remaining in the last byte read. The total number of bytes processed
generic refinement bitmap decoding procedure must be equal to the valueread in step 5 @).

6.4.11.1 Symbal instancerefinement delta width

by the

This field, and the following fields, indicate the size, location and contents of the refined symbol bitmap, as the size
might not be the same as the sze of the bitmap of the symbol whose ID is given in this symbol instance; also, the change
in the size of the bitmap might extend to the left and top, not just to the right and bottom, so we need to supply an offset
aswdl asasize Notethat the offsetsare given interms of X and Y, not Sand T.

If SBHUFF 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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Table 12 — Parameter s used to decode a symbol instance's bitmap using r efinement

6.4.11
If SBH
If SBH

6.4.11
If SBH
If SBH

6.4.11
If SBH
If SBH
6.4.11
Decod

6.5

6.5.1

This d
proced

6.5.2

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

2 Symbol instancerefinement delta height
UFF is 1, decode a value using the Huffman table specified by SBHUFFRDH-
UFF is 0, decode a value using the IARDH integer arithmetic decoding precedure (see Annex A).

3 Symbol instancerefinement X offset
UFF is 1, decode a value using the Huffman table specified by SBHUFFRDX.
UFF is0, decode a value using the IARDX integer arithmetic decoding procedure (see Annex A).

4 Symbol instancerefinement Y offset

UFF is 1, decode a value using the Huffman table:specified by SBHUFFRDY .

UFF is 0, decode a value using the IARDY integer arithmetic decoding procedure (see Annex A).
5 Symbol instancerefinement bitmap'data sze

b a value using the Huffman table specified by SBHUFFRSI ZE.

Symbol DictionaryDecoding Procedure

General description

pcoding procedur€’is used to decode a set of symbols; these symbols can then be used by text region de
ures, or in,sonte cases by other symbol dictionary decoding procedures.

I nput-parameter s

The pa

coding

rameters to this decoding procedure are shown in Table 13.

The SDREFAGG parameter determines how the symbolsin 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 previoudy-defined symbol bitmaps. These previousy-defined symbol bitmaps may be drawn
from other dictionaries and provided as input to this decoding procedure in SDINSYMS, or may be defined in the
current dictionary.

6.5.3

Return value

The variable whose value is the result of this decoding procedureis shown in Table 14.

6.5.4

Variables used in decoding

The variables used by this decoding procedure are shown in Table 15.

30
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Table 13 — Parametersfor the symbol dictionary decoding procedure

Name Type (ﬁif:) Signed? Description and regtrictions

SDHUFF Integer 1 N Whether Huffman coding is used.

SDREFAGG Integer 1 Whether refinement and aggregate coding are used.

SDNUMINSYM S Integer | 32 The number of symbols that are used asinput to this symbol dictionary
decoding procedure.

SDINSYMS Array of symbols An array containing the symbols that are used as input to this symbol
dictionary decoding procedure. Contains SDNUMINSY M S symbols.

SDN .II?VI: :\‘IIE‘VA\II\‘:\II:\VI:S :IItCHCl 32 :\‘ll Thcllulllbu UI‘ Dylllbu:otublcdeﬁll& ;Ilth;ooylllbu: dl\:tlul I(JIy.

SDNUMEXSYM S Integer | 32 N The number of symboals to be exported from this symbol dictionary.

SDHUFFDH Huffman table The Huffman table used to decode the difference in height between two
height classes.d

SDHUFFDW Huffman table The Huffman table used to decode the difference inwidth between two
symbols.?

SDHUFFBM SIZE Huffman table The Huffman table used to decode the size of ‘@ height class collective
bitmap.?

SDHUFFAGGINST | Huffman table The Huffman table used to decode the umber of symbol instancesinfan
aggregation.?)

SDTEMPLATE Integer 2 N The template identifier used to de¢ode symbol bitmaps.9

SDA[ X4 Integer 8 Y The X location of the adaptive template pixel A;.9

SDAT'Y Integer 8 Y The'Y location of the adaptive template pixel A;.9

SDA[ X, Integer 8 Y The X location of¢thé-adapti ve template pixel A,.9

SDATY, Integer 8 Y The Y location o the adaptive template pixel A,.9

SDA[ X3 Integer 8 Y The X logétion of the adaptive template pixel Az.9

SDAY 5 Integer 8 Y The Y-letation of the adaptive template pixel Az.9

SDA[ X4 Integer 8 Y The X location of the adaptive template pixel A,.9

SDAY 4 Integer 8 Y The Y location of the adaptive template pixel A,.9

SDRTEMPLATE Integer 1 N Templateidentifier for refinement coding of bitmaps.9

SDRATX; Integer 8 ' The X location of the adaptive template pixel RA.9

SDRATY;, Integer 8 ' 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, Inteder 8 Y The'Y location of the adaptive template pixel RA,.9

3 Unusedif SDHUFE 0!

B Unusedif SDHUPR'= 0 or SDREFAGG = 0.

9 Unusedif SDHYFF = 1.

9 Unusedif SODREFAGG = 0.

Table 14 — Return value from the symboal dictionary decoding procedure

Name Type (ﬁifg) Signed? Description and regtrictions
SDEXSYMS Array of symbols The symbols exported by this symbol dictionary. Contains
SDNUM EXSY M S symboals.
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Table 15— Variablesused in the symbol dictionary decoding procedure.

Name Type (tS)'if; Signed? Description and regtrictions
SDNEWSYMS Array of symbols The symbols defined in this symbol dictionary. Contains
SDNUMNEWSYM S symbols.
SDNEWSYMWIDTHS Array of integers The widths of the symbolsin SDNEWSYMS. Contains
SDNUMNEWSY M Sintegers. Each integer is a 32-bit
unsigned value.
HCHEIGHT Integer 32 N Height of the current height class.
NSYMSDECQDED Integer 32 N How many symbals 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.
HCF|IRSTSYM Integer 32 N Theindex of thefirst symbol in thecurrent height class.
DwW Integer 32 Y The difference in width between two symbols.
Bs Bitmap The current symbol's bitmap.
Bhc Bitmap The current height class collective bitmap.
| Integer 32 N An array index:
J Integer 32 N An array~index.
REFAGGNINST Integer 32 N Theaumber of symbol instancesin an aggregation.
EXFLAGS Array of integers The export flags for this dictionary.
Contains SDNUMINSYM S + SDNUMNEWSY M S valyes.
Each valueis one bit.
EXINDEX Integer 32 N An array index.
CUREXFLAG Integer 1 N The current export flag.
EXRUNLENGTH Integer. 32 N The length of arun of identical export flag vaues.
6.5.5 Decoding the symbal dictionary
The internal structureof a symbol dictionary is shown in Figure 21. The symbols defined in the dictionary are ¢rdered
into hgight classessd height class contains anumber of symbols whose bitmaps are the same height.
NQTE 1 — Immost 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

First height class

Second height class

Last height class

List of exported symbols

Figure 21 — The structur e of a symboal dictionary
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If SDHUFF is 1 and SDREFAGG is 0 then the format of a height classis as shown in Figure 22. Otherwise, the format
of aheight classisas shown in Figure 23. The fields mentioned in those figures are described fully below.

Therdg
shadl b

1) g

2) If
S

3 9

4 D

Height class delta height

Delta width for first symbol

Delta width for second symbol

(0]0]=]

Height class collective bitmap

— Figwe22 Hdght classcoding when SDHUFF istand-SDREFAGG s 0

Height class delta height

Delta width for first symbol

Bitmap for first symbol

Delta width for second symbol

Bitmap for second symbol

(0]6]=]

Figure 23 —Height class coding when SDHUFF is@0r SDREFAGG is1

e the array produced by the following steps:
Feate an array SDNEWSY M S of bitmaps, having SBNUMNEWSY M S entries.
SDHUFF is 1 and SDREFAGG is Q()create an aray SDNEWSYMWIDTHS of integers,

DNUMNEWSY M S entries.
b{
HCHEIGHT = 0
NSYMSDECODED = 0
ecode each height class as fellows:

If NSYMSDECORED’= SDNUMNEWSYMS then al the symbals in the dictionary have been dg
proceed to step 5).

Decode theheight class delta height as described in 6.5.6. Let HCDH be the decoded value. Set:
HCHEIGHT = HCEIGHT + HCDH
SYMWIDTH = 0
TOTWIDTH = 0O

HCFIRSTSYM = NSYMSDECODED

sult of decoding a symbol dictionary is an array SDEXSYM'S containing SDNUM EXSYM S bitmaps. Thifs array

having

Decode each symbol within the height class as follows:

i) Decode the deltawidth for the symbol as described in 6.5.7. If the result of this decoding is OOB then all

the symboals in this height class have been decoded; proceed to step 4 d). Otherwise let DW
decoded value and set:

SYMWIDTH = SYMWIDTH + DW
TOTWIDTH = TOTWIDTH + SYMWIDTH

be the

ii) If SDHUFF is0 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

ITU-T Rec. T.88 (2000 E)
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d)

iii) If SDHUFF is1and SDREFAGG isO, then set:

SDNEWSYMWIDTHS[NSYMSDECODED] = SYMWIDTH

iv) Set:
NSYMSDECODED = NSYMSDECODED + 1

If SDHUFF is 1 and SDREFAGG is 0, then decode the height class collective bitmap as described in 6.5.9.
Let Byc be the decoded bitmap. This bitmap has width TOTWIDTH and height HCHEIGHT.

Break up thebitmap Bpc as follows to obtain the symbols SDNEWSYMSHCFIRSTSYM] t
SDNEWSYMSINSYMSDECODED - 1].

hrough

5) Determine which symbol bitmaps are exported from this symbol dictionary, as described in 6.5.10. These ki
can be drawn from the symbols that areused as input to the symbol dictionary decoding procedure as well
ngw symbols produced by the decoding‘procedure.

6.5.6

Buc contans the NSYMSDECODED - HCHRSISYM symbols concatenated left-to-right, , w
intervening gaps. For each | between HCFIRSTSYM and NSYMSDECODED - 1:

» thewidth of SDNEWSYMY]I] isthe value of SDNEWSYMWIDTHSI];

» theheight of SDNEWSYMYI] isHCHEIGHT; and

» thebitmap SDNEWSYMSY[I] can be obtained by extracting the columns of B¢ from:
-1

> SDNEWSYMWIDTHY J]
J=HCFHRSTSYM

through

|
> SDNEWSYMWIDTH J] |-1
J=HCFIRSTSYM

EXAMPLE — Columns 0 through SDNEWSY MWIDTHS[HCFIRSTSYM] — 1 of By contain the bitn
SDNEWSYMSHCFIRSTSYM], the first symbal in the height class.

NOTE 2 —Not dl the newssymbols need to be exported; this dlows the dictionary to define a symbol, usg

th no

nap for

itmaps
as the

e it via

refinement/aggregate coding to build other symbols, and not actually export the origina symbol. Also, singe input

symboals can be exported, this dictionary can, in effect, copy symbols from other dictionaries.

Height class delta‘height

If SDHUFF is 1, decode a value using the Huffman table specified by SDHUFFDH.
If SDHUFF is 0, decode a value using the IADH integer arithmetic decoding procedure (see Annex A).

6.5.7 Deltawidth

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

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

In either case it is possible that theresult 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.

6.5.8.1 Direct-coded symbal bitmap

If SDREFAGG is 0, then decode the symbol's bitmap using a generic region decoding procedure as described in 6.2. Set

the parametersto this decoding procedure as shown in Table 16.
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Table 16 — Parameter s used to decode a symboal's bitmap using generic bitmap decoding

6.5.8.4

Name Value
MMR 0
GBW SYMWIDTH
GBH HCHEIGHT
GBTEMPLATE SDTEMPLATE
TPGDON 0
USESKIP 0
GBATX; SDATX;
GBATY, SDATY 4
GBATX, SDATX5
GBATY, SDATY,
GBATX3 SDATX3
GBATY; SDATY 3
GBATX, SDATX,
GBATY, SDATY,

Refinement/aggr egate-coded symbol bitmap

If SDREFAGG is 1, then the symbol's bitmap is coded by refinement and aggregation of other, previoudy-defined,

symbags. Decode the bitmap as follows:

1
2)

3)

6.5.8.41 Number of symbol instancesin aggregation
If SDHUFF is 1, decode a val ue using the Huffman table specified by SDPHUFFAGGINST.
If SDHUFF is 0, decode a value using the | AA N integer arithmetic decoding procedure (see Annex A).

6.5.8.42 Decoding a bitmap when REFAGGNINST =1

Dlecode the number of symbol instances contained in the aggregati om;yas’'specified in 6.5.8.2.1. Let REFAGGNINST
b¢ the value decoded.

Iff REFAGGNINST is greater than one, then decode the bitmiap’itself using a text region decoding procetlure as
déscribed in 6.4. Set the parameters to this decoding procedur€’as shown in Table 17.

fIREFAGGNINST is equal to one, then decode the bitraap as described in 6.5.8.2.2.

If a symbol's bitmap is coded 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 progedure,

except|that when a value iskinown, it isnot decoded.

1
2)

3)
4)

5)

6)

7)

Sgt SBHUFF = SDHUFF.

Diecode a symb6l 'ID as described in 6.4.10, using the values of SBSYMCODES and SBSYMCODELEN
described in6:5.8.2.3. Let 1D, be the val ue decoded.

ecodethe ingance refinement X offset as described in 6.4.11.3. If SDHUFF is 1, use Table B.15 for SBHUFFRDX.

Let RDY, be the value decoded.
SDHUFF is 1 then:

a) Decode the symbol instance refinement bitmap data size as described in6.4.11.5, using TableB.1 for
SBHUFFRSI ZE.

b) Skip over any bitsremaining in the last byte read.

Let IBO; be SBSYM F[IDy], where SBSY M Sisas shown in 6.5.8.2.4. The symbol's bitmap isthe 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.

If SBHUFF is 1, then skip over any bitsremaining in the last byte read. The total number of bytes processed by the
generic refinement region decoding procedure must be equal to the valueread in step 5 a).
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Table 17 — Parameter s used to decode a symboal's bitmap using r efinement/aggr egate decoding

Name Vaue
SBHUFF SDHUFF
SBREFINE 1
SBW SYMWIDTH
SBH HCHEIGHT
SBNUMINSTANCES | REFAGGNINST
SBSTRIPS 1
SBNUMSYMS SDNUMINSYM S + NSYMSDECODED
SbSY VMICUDES >ee b.b.d.d.d.s
SBSYMCODELEN See6.5.8.2.30
SBSYMS See6.5.8.2.4.
SBDEFPIXEL 0
SBCOMBOP OR
TRANSPOSED 0
REFCORNER TOPLEFT
SBDSOFFSET 0
SBHUFFFS Table B.63
SBHUFFDS Table B.83
SBHUFFDT Table B.119
SBHUFFRDW Table B.159
SBHUFFRDH Table B.159
SBHUFFRDX Table B.159
SBHUFFRDY Table B.159
SBHUFFRSIZE Table B.13
SBRTEMPLATE SDRTEMPLATE
SBRATX; SDRATX;
SBRATY SDRATY
SBRATX SDRATX,
SBRATY, SDRATY,

8 |f SDHUFRR'= 0 then this parameter has no value.
b If SDHUFF = 1 then this parameter has no value.

Table48y~Parameters used to decode a symbol's bitmap when REFAGGNINST =1

Name
GRW SYMWIDTH
GRH HCHEIGHT
GRTEMPLATE SDRTEMPLATE
GRREFERENCE IBO,
GRREFERENCEDX RDX|
GRREFERENCEDY RDY,
TPGRON 0
GRATX; SDRATX;
GRATY; SDRATY
GRATX; SDRATX;
GRATY, SDRATY,
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6.5.8.2.3 Setting SBSYMCODES and SBSYMCODELEN

When SDHUFF =1, set SBSYM CODESto an array of SBNUM SYM S codes, where the length of each codeis:
max( 1og, (SDNUMINSYM S + SODNUMNEWSYMS) |, 1)

and the code SBSYM CODES[1] is| (for | between 0 and SBNUMSYMS—1).

NOTE - This sets the codes as equal-length codes, assigned starting from zero. The code lengths are computed from the maximum
number of symbols available in this symbal dictionary: all the imported symbols and al the symbols defined here. There is some
wastage in choosing this code |length and assigning these codes. However, doing it this way means that neither the code lengths nor the
actual codes assigned to each symbol changes during the process of decoding this symbal dictionary.

Similarly, when SDHUFF is 0, SBSYM CODELEN should be st to:

Mog, (SDNUMINSYMS + SDNUMNEWSYMS)]

so that|the length of the bit strings decoded using |AID will not change during the decoding of this symbol diction

£

y.
6.5.8.44 Setting SBSYMS

Set SBSYMS to an array of SDNUMINSYMS + NSYMSDECODED symbols, formedby concatenating the array
SDIN$Y M S and the first NSY MSDECODED entries of the array SDNEWSYMS.

6.5.9 Height class collective bitmap

Thisfigld isonly present if SDHUFF = 1 and SDREFAGG =0.

This figld contains the bitmaps of all the symbolsin the height class, congatenated I €ft to right, and MMR encoded. It is
preceded by a count of itssizein bytes.

Thisfigld isdecoded as follows:

1) Readthesizein bytesusing the SDHUFFBM SIZE Huffman table. Let BMSIZE be the value decoded.
2) Skip over any bitsremaining in the last byte read.

3) IfIBMSIZE is zero, then the bitmap is stored uncompressed, and the actual sizein bytesis:

HCHEIGHT x {—TOTWIDTH —‘

8

Decode the bitmap by reading this many bytes and treating it as HCHEIGHT rows of TOTWIDTH pixells, each
row padded out to a byte boundary with 0-7 O hits.

4) Qtherwise, decode the'bitmap using a generic bitmap decoding procedure as described in 6.2. Set the paraméters to
Ris decoding pregedure as shown in Table 19.

—

Table 19 — Parameter s used to decode a height class collective bitmap

Name Value
MWVR T
GBW TOTWIDTH
GBH HCHEIGHT

5) Skip over any hitsremaining in the last byte read.
NOTE - BMSIZE is used to determine the number of bytes of MM R-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 symbals defined in the dictionary.
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The array of symbols exported from the dictionary is produced by decoding a bit for each of those symbals. 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
SDNUMEXSYM S symbols must be exported from the dictionary. The order of exported symbolsis the order produced
by concatenating the array SDINSY M S and the array SDNEWSY MS.

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

EXINDEX = 0
CUREXFLAG O

2) ecode a value using Table B.1 if SDHUFF is 1, or the IAEX integer arithmetic decoding procedure if SDHUFF is

Let EXRUNLENGTH be the decoded value.

it EXFLAGS[EXINDEX] through EXFLAGS[EXINDEX + EXRUNLENGTH-1] to GUREXFLAG. If
XRUNLENGTH = 0, then this step does not change any val ues.

Pt

3)

W My OO0

4)

EXINDEX = EXINDEX + EXRUNLENGTH
CUREXFLAG = NOT(CUREXFLAG)

5)
6)

Py

epeat steps 2) through 4) until EXINDEX = SDNUMINSYM S + SONUMNEWSYM S,

he array EXFLAGS now contains 1 for each symbol that is exported from the dictionary, and O for each $ymbol
Hat is not exported.

7)  Set

=

I =0
J =0
br each value of | from 0 to SDNUMINSYM S + SBNUMNEWSYMS -1, if EXFLAGS[I] = 1 then perfgrm the
gllowing steps:

If | < SDNUMINSYM Sthen set:

8)

=T

Q

SDEXSYMS[J]
J

SDINSYM S][I]
J+1

(=)}

If 1 = SDNUMINSY M Sthen set:

SDEXSYMS[J] = SDNEWSYMS[| — SDNUMINSYMS]
J=J+1

NQTE — Most dictionaries will export exactly the new symbols tha they define; they will not export any of the synpbols in
SDINSYM'S. In this case, the firs SDNUMINSYM S valuesin EXFLAGS are 0, and the remaining SODNUMNEWSYM $ values
arell!

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 patternsinto
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 aform 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.
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Table 20 — Parametersfor the halftone region decoding procedure

Name Type (tSJiifS) Signed? Description and regtrictions

HBW Integer 32 N The width of the region.

HBH Integer 32 N The height of the region.

HMMR Integer 1 N Whether MMR coding is used.

HTEMPLATE Integer 2 N The template identifier.d

HNUMPATS Integer 32 N The number of patterns that may be used in this region.

HPATS Array of patterns An array containing the patterns used in this region. Contains
HNLUIMDBPATS rl_\::ﬂ-a'nc-

HDEFPIXEL Integer ‘ 1 ‘ N The defauilt 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-scal e values are skipped.?

HGV Integer 32 N The width of the gray-scale image.

HGH Integer 32 N The height of the gray-scal e image,

HGX Integer 32 Y 256 times the horizonta offsetof the grid origin.

HGY Integer 32 Y 256 times the vertical offset.of the grid origin.

HRX Integer 16 N 256 times the horizonta) 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 €ach pattern.

HPH Integer N The height'of each pattern.

3  Unusedif HMMR =1

6.6.3 Return value
The variable whose value is the result of this decoding procedureis shown in Table 21.

Table 21 — Retur n value from the halftone region decoding procedure

Size

Name Type (bits

Signed? Description and regtrictions

HTREG Bitmap The decoded region bitmap

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

6.6.5 Pecoding the halftoneregion

A halftone-coded bitmap is represented by a set of pattern instances. Each ingtance 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 24).
HGX, HGY, HRX and HRY are scaled by 256, which means that the grid origin and grid period have a fractiona part
of 8 hits.

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 dight counter-clockwise rotation of an axis-aligned grid (as shown in
Figure 24) and is the bottom left corner in the case where the grid is a dight 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-scal e value of the pattern.
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Table 22 — Variablesused in the halftone region decoding procedure

Name Type (tS)'if; Signed? Description and regtrictions

Ny Integer 32 N Horizontal index for the current gray-scale value.

My 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 val ue.

y Integer 32 Y The vertical coordinate for the pattern corresponding to the
current gray-scale val ue.

HSKIP Bitmap Skip mask. HSKIPisHGW by HGH pixels.®

HBPIP Integer ‘ 32 ‘ N The number of bits per valuein the array of gray-scale val Ues.

Gl Array Array of gray-scale values. Gl isaHGW by HGH_ array, gach
entry of which isaHBPP bits unsigned integer.

3 Wnusedif 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

Regommendation | International Standard that the index does indeed correspond to the gray-scal evalue.

The repult of decoding a halftone bitmap is the bitmap that is produced by the following steps:

1) F
i
3)
4)

S
D
p
L

5 P

T

A

6)
re

NOTE
directid
as nong

6.6.5.1

The bi
affect

1) F

a

Il abitmap HTREG, of the size given by HBW and HBH, with the HDEFRI XEL value.
HENABLESKIP equals 1, compute a bitmap HSKIP as shown in 6.6:5.1.
ot HBPP to[ logy (HNUMPATS) 1.

ecode an image Gl of size HGW by HGH with HBPP hits per pixel using the gray-scale image de
ocedure as described in Annex C. Set the parameters to this.decoding procedure as shown in Table 23.

bt Gl be the results of invoking this decoding procedure.

ace sequentially the patterns corresponding to the values in Gl into HTREG by the procedure described in ¢
he rendering procedureisillustrated in Figure 24. The outline of two patterns are marked by dotted boxes.

fter all the patterns have been placed on‘the bitmap, the current contents of the halftone-coded bitmap
sults that shall be obtained by every decoder, whether it performs this exact sequence of steps or not.

B—1f HGX is0, HGY is0, HRX isequal to HPW x 256 and HRY is O, then the grid is simple: it is axis-aligned, the
n is horizonta, and the grid step is equa to the size of the patterns. In this case, it is possible to optimise the drawing
of the patterns can overlap.

Computing HSKIP

map HSKIP contains.I’a a pixel if drawing a pattern at the corresponding location on the halftone grid d
bny pixels of HTREG! It is computed as follows:

br each val ue-of-my between 0 and HGH — 1, beginning from 0, perform the following steps:
For eaehvvalue of ng between 0 and HGW — 1, beginning from O, perform the following steps:
¢ Set:

coding

5.6.5.2.

are the

Orimary
Drocess,

Des not

40

X = (HGX + mg x HRY + ng x HRX) >> 58
y = (HGY + mg x HRX — ng x HRY) >> 78

i) If (x+HPW <0) OR (x= HBW) OR (y + HPH < 0) OR (y = HBH)) then set:

HSKIP[ng, mg] = 1

Otherwise, set:

HSKIP[ng, mg] =0
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Halftone grid

HGX + HRX HGY — HRY
( , )
256 P56 Bounding box for halfton
(0,0
HGY
256
( HGX + HRY +HRX)
P56 P56
v
y
m

Table 23 — Parameter s used to decode a halftone region's gray-scale value arr ay

T0828890-99/d17

Figure 24 — Specification of coordinate systems and grid parameters

Name Vaue
GSMMR HMMR
GSW HGW
GSH HGH
GSBPP HBPP
GSUSESKIP HENABLESKIP
GSKIP HSKIP 3
GSTEMPLATE HTEMPLATEP
8 |f HENABLESKIP =0 then this parameter has no value.
b If HMMR = 1 then this parameter has no value.
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.2 Rendering the patterns

Draw the patternsinto HTREG using the following procedure:

1)

N

For each value of mg between 0 and HGH — 1, beginning from O, perform the following steps.
a) For each value of ng between 0 and HGW - 1, beginning from 0, perform the following steps.
i) Set
X = (HGX + mg x HRY + ng x HRX) >> a8
y = (HGY + my x HRX — ng x HRY) >> A8

if) Draw the pattern HPATS[GI[ng, my]] into HTREG such that its upper l€ft pixel is at location (%, y) in

HTRECG
L e —

A pattern is drawn into HTREG as follows. Each pixel of the pattern shall be combined with(the
value of the corresponding pixel in the haftone-coded bitmap, using the combination operator s
by HCOMBOP. The results of each combination shall be written into that pixel in the haftong
bitmap.

If any part of a decoded pattern, when placed at location (X, y) lies outside thelactual halftone
bitmap, then this part of the pattern shall be ignored in the process of combining the pattern w
bitmap.

QTE - The gray-scale image can be used by the decoder to get agood rendition of the halftone on a multi-level output d

lim{ted spatia resolution such as a computer screen. The use of the gray-scal e image for such-purposes is outside the scop

R

mmendation | Internationa Standard.

The gray-scale image is coded by bit-plane coding so the decoder will receive the gray-scale image progressively. Conse
the|decoder may render a halftoned image using the quantised gray-scale values\as indices. Such intermediate hal ftoned
shgl not influence the final halftone-coded bitmap.

6.7

6.7.1
This

Patter n Dictionary Decoding Procedure

General description

decoding procedure is used to decode a set of fixed-size' patterns, these patterns can then be used by halftone

decoding procedures.

6.7.2

Input parameters

The parametersto this decoding procedure are siiown in Table 24.

Table 24 — Parametersfor the pattern dictionary decoding procedure

current
ecified
-coded

-coded
ith the

bvi ce of
b of this

uently,
images

region

Name Type (?)iif.s) Signed? Description and regtrictions
HDMMR Integer 1 N Whether MMR i's 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.d
F—omuset it HDOMIVIR =T

6.7.3

Return value

The variable whose value is the result of this decoding procedureis shown in Table 25.

Table 25 — Return value from the patter n dictionary decoding procedure

Name Type (%ifg) Signed? Description and regtrictions
HDPATS Array of patterns The patterns exported by this pattern dictionary. Contains
GRAYMAX + 1 patterns.

42
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The variables used by this decoding procedure are shown in Table 26.

Table 26 — Variablesused in the pattern dictionary decoding procedure

Name Type (ﬁifse) Signed? Description and regtrictions
GRAY Integer 32 N Gray-scale index.
Brbc Bitmap The dictionary collective bitmap.
Bp Bitmap A bitmap of size HDPW by HDPH.
6.7.5 Decoding the pattern dictionary
The result of decoding a pattern dictionary is a set of patterns: HDPATS[0] - - - HDPATS[GRAY M AXY. These patterns
shall be the patterns produced by the following steps:
1) Create a bitmap Bypc. The height of this bitmap is HDPH. The width of the bitmap,is (GRAYMAX 1) x
HDPW. This bitmap contains al the patterns concatenated | eft to right.
2) Decode the callective bitmap using a generic region decoding procedure as described in 6.2. Set the paraméters 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 Bp . Set:
HDPATSGRAY] = Bp
b] Set:
GRAY = GRAY + 1
Table 27 — Parameter s 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; —ADPW
GBATY; 0?
GBATX, -39
GBATY, -10)
GBATXj3 20)
GBATY; —20)
GBATX, —20)
GBATY, —20)
8 |f HDMMR = 1then this parameter has no value.
b I1f HDMMR = 1 or HDTEMPLATE # 0 then this parameter has no value.
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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 severa different types of
segments.

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: dart 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 segrpent can be associated with some page, or not associated with any page. A segment can refer to other, pregeding,
segments. A segment also includes retention bits for the segment that it refers to, and for itself; thesetindicate when the

decodgr may discard the data created by decoding a segment.

EXAMPLE — A text region segment may make use of symbols defined in preceding symbal dictionary segments. [Thisis

indicafed by the text region's segment header referring to those symbol dictionary segments.

The fgrmat of segment headers is described in 7.2. The types of segments are defined’in 7.3. The syntax of each type of

segment is defined in 7.4.

In the following, some references are made to "preceding” and "following*segments (and other indications implying an
order pf segments). These terms are defined with reference to the order imposed on the segments by their segment
numbers. a segment precedes all segments whose segment numbersaretarger than its segment number. In the sequential
and rahdom-access organisations (see D.1 and D.2), the segments must appear in the file in increasing order ¢f their
segment numbers. However, in the embedded organisation (see'D.3), thisis not the case because the JBIG2 segments

are en¢apsulated in another file format.

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

NQTE - It is possible for there to be gaps in the segment numbering. A JBIG2 file might contain segments numbered 2, 3, #1, 8 and
10.|This can occur due to editing: the segment numbersmight originally have been contiguous, but a some point in the life of the
filgsome pages were deleted and the remai ning segments not renumbered.

A segment's data part always begins.and.ends on a byte boundary. Any unused bits in the fina byte of a segment must

contaii 0, and shal not be examined'by the decoder.

The sagment header part and the segment data part of a segment need not occur contiguoudly in the bitstream being
decodgd. See Annex D for-an-Organisation where the segment header part of a segment may be stored at some djstance

from the segment data part-of that segment.

This dlause contaiRs figures that describe various parts of the encoded data, such as Figures25 and 31.| These

conventions usediin these figures are:

44

Thefirg'byte encountered in the bitstream is at the | eft 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 al cases, or whose structures are fully described
elsewhere, are outlined with heavy lines.

Some figures (such as Figure 25) are divided into fields, each of which isan integral number of byteslong. In these
figures, hash marks extending down from the top of the figure denote byte boundaries, and fields are separated by
linesrunning the full height of the figure.

The remaining figures are divided into fields, each of which is an integral number of bits long, making up an
integra 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 bottom of the figure. Each hit's
number is shown below the figure.

ITU-T Rec. T.88 (2000 E)


https://standardsiso.com/api/?name=a8880807077b76b9c1137e2d1e02079f

7.2

721

ISO/IEC 14492 : 2001 (E)

Segment header syntax

Segment header fields

A segment header containsthe fields shown in Figure 25 and described below.

I I I I I I
Segment Referred-to segment Referred-to segment Segment page
Segment number header count and numbers association Segment data length
flags retention flags

Figure 25 — Segment header structure

Segme
Segme

Refer
Refert
Segme
Segme
722

This f
42949
numbe

7.2.3

Thisig

Bits O
Bit 6

Bit 7

Nt number —see 7.2.2,

Nt header flags—see 7.2.3.

ed-to segment count and retention flags—see 7.2.4.
ed-to segment number fields—see 7.2.5.

Nt page association — see 7.2.6.

Nt data length —see 7.2.7.

Segment number

bur-byte field contains the segment's segment number. The'valid range of segment numbers is O t
57295 (OXxFFFFFFFF) inclusve. As mentioned beforelZit is possible for there to be gaps in the o
ring.

Segment header flags

al-bytefield. The bitsthat are defined are shewn in Figure 26 and are described bel ow.
Page
n?)if—?gtzidn association Segment type
size
| !
7 6 5 4 3 2 1 0

Figure 26 — Segment header flags
5 Segment.type. See 7.3.
Rage association field Sze. See 7.2.6.

Deferred non-retain. If this bit is 1, this segment is flagged as retained only by itsef and its a
extension segments, and is flagged as non-retained by the last attached extension segments. An ex

nrough
bgment

tached
ension

SEIMET TS AT attacTed extanS o Segeant whaT it Tefers to onty one Segiment, and the onty Segm
any) between it and that referred-to segment are other extension segments aso referring only
referred-to segment.

ents (if
to that

NOTE - The intention of this bit is to indicate to the decoder that the segment is only referred to by a small number of extension
segments. The decoder may take some expensive actions when segments are flagged as retained, but if this retention is only for the
benefit of the segment's attached extension segments, these actions may not be necessary. Knowing thisin advance is helpful.

7124

Referred-to segment count and retention flags

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

NOTE - The decoder's memory requirements can be reduced by letting it know when it is allowed to forget about the data
represented by some previous segment.
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The number of bytesin this field depends on the number of segments referred to by this segment. If this segment refers
to four or fewer segments, then this field is one byte long. If this segment refers to more than four segments, then this
fieldis4 +[ (R + 1)/8] bytes long where R is the number of segments that this segment refers to.

EXAMPLE - If this segment refers to between five and seven other segments, then the field isfive byteslong; if it refers
to between eight and fifteen other segments, then the field is six byteslong.

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 thefidd is at
least five bytes long. Thisthree-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 27 and as described bel ow.

Bit 0
Bit 1

Bit 2

Bit 3

Bit 4

Bits 5{7

In the|case where the field is in thetong format (at least five bytes long), it is composed of an initial four-byt
followpd by a succession of one-bytefields. Theinitia four-byte field is formatted as follows.

Bits 0428
Bits 29-31

The fifst one-byte figld following theinitial four-byte field is formatted as follows.

Bit 0
Bit 1

Retain bit Retain bit Retain bit Retain bit Retain bit
for 4th for 3rd for 2nd for 1st for this
segment segment segment segment segment

7 6 5 4 3 2 1 0

Count of referred-to
segments

Figure 27 — Referred-to segment count and retention flags— short form

Retain bit for this segment.

Retain bit for the first referred-to segment. If this segment réfers to no other segments, this fiel
contain O.

Retain bit for the second referred-to segment. If this segment refersto fewer than two other segmer
field must contain O.

Retain bit for the third referred-to segment. If this segment refers to fewer than three other segme
field must contain O.

Retain bit for the fourth referred-to segment. If this segment refers to fewer than four other segme
field must contain O.

0 must

ts, this

ts, this

ts, this

Count of referred-to segments: This field may take on values between zero and four. This specifies the

number of segments that this segment refers to.

Count of referred-to segments. This specifies the number of segmentsthat this segment refersto.

I ndi cation-0fdong-form format. This field must contain the value 7.

Retain bit for this segment.

Retain hit for the first referred-to segment.

e field,

Bit 2
Bit 3
Bit 4
Bit 5

Bit 6

Bit 7

46

Retain bit for the second referred-to segment.
Retain bit for the third referred-to segment.

Retain bit for the fourth referred-to segment.

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

field must contain 0.

Retain bit for the sixth referred-to segment. If this segment refers to fewer than sx other segments, this

field must contain 0.

Retain hit for the seventh referred-to segment. If this segment refers to fewer than seven other segments,

this field must contain O.
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The second one-byte field, if present, contains retain bits for the eighth through fifteenth referred-to segments; the bits
corresponding to any segments beyond the count of segments actually referred to must be 0. Succeeding one-byte fields
are formatted smilarly.

If ther

etain bit for this segment valueis 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 refersto (i.e. this segment isthe 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.

7.25

page

NOTE
The pa

7.2.7
This4

If the
value
writte
shall k

segmey
usess M

Referred-to segment numbers

ssociation field sizeflag bitis 1.

Most documents have fewer than 256 pages, so this field has a short form that can hold values from 0 to 255 in a sing
e association field for unassociated segments can a'so be only.asingle byte long.

Segment data length
byte field contains the length of the segment's Segment data part, in bytes.

segment's type is "Immediate generic region”, then the length field may contain the value Ox FFFFFFF
s intended to mean that the length of the segment's data part is unknown at the time that the segment he

(for example in a streaming application such as facsimile). In this case, the true length of the segment's d
e determined through examination' of the data: if the segment uses template-based arithmetic coding, t
nt's data part ends with thetwo-byte sequence OXFF OxAC followed by a four-byte row count. If the §
MR coding, then the segment's data part ends with the two-byte sequence 0x00 0x00 followed by a fo

row count. The form of enceding used by the segment may be determined by examining the eighteenth byte

segmey

NOTE
thefile

7.2.8
EXAM

Nt data part, and the-end-sequences can occur anywhere after that eighteenth byte.

- Given aligt of ségment headers in the random-access organisation (see Figure D.2), a decoder can build a map of th
by knowing the'length of the data associated with each segment. This allowsit to perform random access.

Segment header example

PLE'- A segment header consisting of the sequence of bytes:

S in this
er of a
lower
he byte
s |long.

'. This

bgment

igld isone byte long if this segment's page association field size flag'bit is 0, and is four bytes long if this segment's

le byte.

IF. This

ader is
a part
en the
bgment
r-byte
 of its

b rest of

0x00 0x00 0x00 0x20 0x86 0x6B 0x02 Ox1E 0x05 0x04

is parsed as follows:
0x00 0x00 0x00 0x20 Thissegment's number is 0x00000020, or 32 decimal.

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

0x6B Thissegment refersto three other segments. It is referred to by some other segment. Thisisthe last reference
to the second of the three segmentsthat it refersto.

0x02 Ox1E 0x05 Thethree segmentsthat it refersto are numbers 2, 30, and 5.

0x04 Thissegment is associated with page number 4.
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EXAMPLE 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 00 02 OO0
1E 00 05 02 00 02 01 02 02 02 03 02 04 00 OO0 04
01

is parsed asfollows:
00 00 02 34 Thissegment's number is0x00000234, or 564 decimal.
40 Thissegment'stypeisO. Its page association field is four byteslong.

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

OR FD This segment is referred to by some other segment. This is the last reference to the first and eighth of the
nine segmentsthat it refersto.

O 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¢2,130, 5, 51, 513,
514, 515, and 516.
0

D 00 04 01 Thissegment isassociated with page number 1025.

7.3 Segment types

Each gegment has a certain type. This type specifies the type of the data associated with the segment. This type restricts
whichlother segmentsit 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-arelalowed. The alowed list of segment types,
their flill names, and where their formats are defined, are:

0 Symbol dictionary —see 7.4.2.

4  Intermediatetext region —see 7.4.3.
6
7
16 Pgttern dictionary — see 7.4.4.

rmmediate text region — see 7.4.3.

rmmediate |ossless text region —see 7.4.3.

20 Intermediate halftoneregion — see 7.4.5.

22 Imhmediate halftoneregion — see 7.4.5.

23 Immediate |ossless ha ftone region™— see 7.4.5.
36 Intermediate generic region.—see 7.4.6.

38 Immediate generic regions see 7.4.6.

39 Immediate |osslessgeneric region — see 7.4.6.
40 Intermediate genéric refinement region — see 7.4.7.
42 Iphmediategeneric refinement region —see 7.4.7.

43
48 Ppgeinformation —see 7.4.8.

mmediate | oss ess generic refinement region —see 7.4.7.

49 End of page—see 7.4.9.
50 End of stripe— see 7.4.10.
51 Endof file—see7.4.11.
52 Profiles—see7.4.12.

53 Tables—see7.4.13.

62 Extension —see7.4.14.

All other segment types are reserved and must not be used.

NOTE - These segment type numbers are alocated 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.
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mary types are:

0 Symbol bitmap data
1 Halftone bitmap data
2  Generic bitmap data

3 M

etadata

Primary types 0-2 are collectively referred to as region types.

For the region types, the interpretation of the four low-order bitsis:

Bit 0 If thishitis1, it indicates that the segment makes some region of the page |ossless.
Bit 1 H-thishitis 1t indicates that the segment can-be drawn-Hnmediatdy intothe page bitmap-Hthishit is O,
it indicates that the segment is an intermediate segment. See 8.2.
Bits 243 These two bits define a subtype of the primary type:
0 Dictionary
1 Direct Region
2 Refinement Region
For métadata, the interpretations of the four low-order bits are:
0 Page information
1 End of page
2 End of stripe
3 End of file
4 Profiles
5 Tables
6-13 |Reserved
14  |Extension
15 |Reserved
The segments of types "intermediate text region”, "immediate text region”, "immediate lossless text rggion",
"intermediate halftone region", "immediate halftone region”, "immediate lossless halftone region”, "intermediate generic
region|, "immediate generic region”, "immediate lossless generic region”, "intermediate generic refinement rggion”,
"immediate generic refinement region”,.and "immediate | ossl ess generic refinement region™ are collectively referred to as
"regiofn segments’.
The segments of types "intermediate text region”, "immediate text region”, "immediate lossless text rggion",
"intermediate halftone region’s,"immediate ha ftone region”, "immediate losdess halftone region”, "intermediate generic
region|, "immediate genefi¢c-region”, and "immediate lossless generic region”, are collectively referred to as|'direct
region{segments’.
The sagments of types "intermediate text region”, "intermediate halftone region”, "intermediate generic region”, and
"intermediate generic refinement region” are collectively referred to as "intermediate region segments’.
The spgmeénts of types "immediate text region”, "immediate losdess text region”, "immediate halftone rggion”,
"immediate lossless halftone region”, "immediate generic region”, "immediate lossess generic region”, "immediate
genericTelmemant region ., and " Tmmediae 1055 655 generic refinement region. are collectivaly reierred 1o as immediate
region segments'.

The segments of types "intermediate generic refinement region”, "immediate generic refinement region” and "immediate
lossless generic refinement region" are collectively referred to as "refinement region segments’.

731
Theru

Rulesfor segment references

les for segment references are as follows:

* Anintermediate region segment may only be referred to by one other non-extension segment; it may be referred to
by any number of extension segments.

* A segment of type "symbol dictionary” (type 0) may refer to any number of segments of type "symbol dictionary"
and to up to four segments of type "tables’.
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7.32 Rulesfor page associations

A segment of type "intermediate text region”, "immediate text region” or "immediate lossess text region” (type 4, 6
or 7) may refer to any number of segments of type "symbol dictionary" and to up to eight segments of type "tables'.

A segment of type "pattern dictionary” (type 16) must not refer to any other segment.

A segment of type "intermediate halftone region”, "immediate haftone region" or "immediate lossess haftone
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 |ossless generic region”
(type 36, 38 or 39) must not refer to any other 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.

A segment of type "immediate generic refinement region” or "immediate lossess generic refinement region” (type
4-: Ul 43) |||ay |€-fu tU uthu OV Uthu xglllu Itb Ul CAGL:t:y UI'Ic Ut: Il m‘jlllcl It. :f It |6fc| DtU UI'Ic Ut: l\=] MJIII ~|t thm

tHat segment must be an intermediate region segment.

Al segment of type "page information" (type 48) must not refer to any other segments.
Al segment of type "end of page" (type 49) must not refer to any other segments.
Al segment of type "end of stripe" (type 50) must not refer to any other segments.
Al segment of type "end of file" (type 51) must not refer to any other segments.
Al segment of type "profiles' (type 52) must not refer to any other segments.

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

Al

segment of type "extension" (type 62) may refer to any number of segments of any type, unless the exfension
sggment's type imposes some restriction.

Every [region segment must be associated with some page (i.€\have a non-zero page association field).| "Page
information”, "end of page" and "end of stripe’ segments must-e associated with some page. "End of file€" sepments

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

If a sggment is associated with a page, then it may-refer to segments that are not associated with any page, [and to
segments that are associated with the same page, It-must not refer to any segment that is associated with a differen page.

7.4

Segment syntaxes

This qubclause describes in detail _the)syntax of the segment data part of each type of segment, and how it i$ to be

decodgd.

74.1 Region segment information field

Every fegion segment's deta part begins with a region segment information field; its format is specified here. A[region

segment informationietd contains the following subfields, as shown in Figure 28 and as described bel ow:

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

Figure 28 — Region segment data header structure

Region segment bitmap width —see 7.4.1.1.

Region segment bitmap height —see 7.4.1.2.

Region segment bitmap X location —see 7.4.1.3.

Region segment bitmap Y location —see 7.4.1.4.

Region segment flags— see 7.4.1.5.
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7.4.1.1 Region segment bitmap width

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

7.4.1.2 Region segment bitmap height

Thisfour-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.

7.4.1.4 Region segment bitmap Y location

Thisf

7.4.1.5
Thisol

Bits O

NG
be

thel

NG
opdg

Seg
ang

hel
Bits 3
In oth
segmey

EXAM
pixels

ur-pyte riefd gives tne vertiCal Orset 1n pixes or the Ditmap encoded I tnls segment refdlive to the page Dit

Region segment flags
ne-byte field is formatted as shown in Figure 29 and as described below.
Reserved External combination
Must be 0 operator
| | '| | L
7 6 5 4 3 2 i 0

Figure 29 — Region segment flagsfield structure

2 Externa 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

[TE 1 — These operators describe how the segment's bitmap is to be combined with the page bitmap. REPLACE is inte

e—think of writing a bitmap throughta mask.

TE 2 — Intermediate region segmentsare never combined directly with the page, and so their location and external coml
rators are not used. However,(these values can still be useful: if a decoder wishes to draw a version of the page be
ments have been decoded (fer progressive build-up), then it might want to render intermediate segments; setting the
externa combination agegrding to how the final refinement of that intermediate segment will be combined with the g
h the decoder produce.auseful sequence of progressive refinements of the page.

7 Reserved,-must be 0.

by words, this'region segment information field describes the sze and location of the bitmap encoded
Nt.

PLE <If the size and location values are (in order) 100, 200, 50 and 75, then this segment describes a bitn
Wide, 200 pixels high, whose top left corner is 50 pixels to the right of, and 75 pixels below, the page's

one of

inded to

ised by refinement regions, where the refined-region replaces the region it's refining. Operators such as AND can be (ised for
masking, where a portion of the page bitmap-that aready contains data is to be cleared so that ancther bitmap can be|

written

bination
ffore dl
ocation
age can

in this

ap 100
op left

corner.

742

Symbol dictionary segment syntax

7.4.21 Symbal dictionary segment data header

A symbol dictionary segment's data part begins with a symbol dictionary segment data header, containing the fields

shown

in Figure 30 and described bel ow:
Symbol I \. . I I \. . I I I I I I I
dictionary Symbol dictionary Symbol dictionary SDNUMEXSYMS SDNUMNEWSYMS
flags AT flags refinement AT flags

Figure 30 — Symbol dictionary segment data header structure
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Symboal dictionary flags—see 7.4.2.1.1.
Symboal dictionary AT flags—see 7.4.2.1.2.

Symboal dictionary refinement AT flags—see 7.4.2.1.3.
SDNUMEXSYMS—see7.4.2.1.4.
SDNUMNEWSYMS—se7.4.2.1.5.

7.4.2.1.1 Symboal dictionary flags
Thistwo-byte field is formatted as shown in Figure 31 and as described below:

Reserved

Bitmap Bitmap

SDRTEMP- SDRTEMP coding coding SPHUFF- SDHUFF-

SDHUFFDW SDHUFFDH SDREF-

Must be 0 LATE LATE context context

SDHUFF

BitStZ

) selection selection
retained used

selection selection AGG

15

Bit 0

Bit 1

Bit 2-3

Bits 4{5

Bit 6

14

13 12 11 10 9 8 7 6 5 4 3 2 1 0

Figure 31— Symbol dictionary flagsfield structure

SDHUFF

If this bit is 1, then the segment uses the Huffman encoding variant..[fthis bit is O, then the segment uses
the arithmetic encoding variant. The setting of this flag determifies how the data in this segment are
encoded, and may also modify the order in which some of the dataare encoded.

SDREFAGG

If this bit is O, then no refinement or aggregate codingis'used in this segment. If this bit is 1, thep every
symbol bitmap isrefinement/aggregate coded.

SDHUFFDH sdlection. This two-hit field can,take on one of three values, indicating which table ifs to be
used for SDHUFFDH

0 TableB.4
1 TableB.5
3 User-supplied table

Thevalue 2 isnot permitted.
If SDHUFF is 0 then thisfield must contain the value O.

SDHUFFDW sdlectian. This two-bit field can take on one of three values, indicating which table sto be
used for SDPHUFFDW.

0 TahleB,2
1 TableB:3
3 Usef-supplied table

Theyvalue 2 isnot permitted.
i SDHUFF is 0 then thisfiedld must contain the value O.
SDHUFFBM SIZE selection.

Bit 7

Bit 8

52

If thisfield is 0 then Table B.1 is used for SDHUFFBM SIZE. If thisfield is 1 then a user-supplied table
is used for SDHUFFBM SIZE.

If SDHUFF is 0 then thisfield must contain the value 0.
SDHUFFAGGINST sdection.

If thisfield isO then Table B.1 isused for SDHUFFAGGINST. If thisfield is 1 then a user-supplied table
isused for SDHUFFAGGINST.

If SDHUFF is0 or SDREFAGG is 0 then this field must contain the value 0.
Bitmap coding context used.
If SDHUFF is 1 and SDREFAGG is0 then thisfield must contain the value 0.
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Bitmap coding context retained.
If SDHUFF is 1 and SDREFAGG is 0 then thisfield must contain the value 0.
SDTEMPLATE

This field controls the template used to decode symbol bitmaps if SDHUFF is 0. If SDHUFF is 1, this
field must contain the value O.

SDRTEMPLATE

Thisfield controls the template used to decode symbol bitmapsif SDREFAGG is 1. If SDREFAGG isO,
this field mugt contain the value O.

Dmnr\/nri; must beQ

7.4.2.12 Symboal dictionary AT flags

This field is only present if SDHUFF is 0. If SDTEMPLATE is 0, it is an eight-byte field, formatted as shpwn in

Figurg 32 and as described bel ow.

Byted
Byte 1
Byte 2
Byte 3
Byte4
Byte§
Byte
Byte 7

If SDTTEMPLATE is1, 2 or 3(itjisatwo-byte field formatted as shown in Figure 33 and as described bel ow.

SDATX; | SDATY; | SDATX, | SDATY, | SDATX; | SDATY; | SDATX4(} SDATY,

Figure 32— Symboal dictionary AT flagsfidd structure whentSDTEMPLATE isO

SDATX;
SDATY;
SDATX;
SDATY
SDATX3
SDATY3
SDATX4
SDATY,

SDATX; | SDATY;

Figure 33— Symbol dictionary AT flags fidd structure when SDTEMPLATE isnot 0

ByteO
Bytel

SDATX;
SDATY;

If SOTEMPLATE is 1, 2 or 3 then the values of SDAT X5 through SDATX,4 and SDATY 5 through SDATY 4 are all

Zero.

The AT coordinate X and Y fidds are signed val ues, and may take on values that are permitted according to Figure 7.

7.4.2.1.3 Symbal dictionary refinement AT flags

Thisfied isonly present if SDREFAGG is1 and SDRTEMPLATE isO. It isafour-byte field, formatted as shown in
Figure 34 and as described bel ow.
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SDRATX; | SDRATY; | SDRATX, | SDRATY,

Figure 34 — Symbal dictionary refinement AT flagsfield sructure

Byte 0 SDRATX;
Byte 1 SDRATY;
Byte 2 SDRATXj
Byte 3 SDRATY

The AT coordinate X and Y fields are signed values, and may take on values that are permitted according {0 6.3.5.

7.4.2.14 Number of exported symbols (SDNUMEXSYMS)

Thisfqur-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 presait=for example, it might want

to allogate an array of structures before beginning to decode the dictionary.

7.4.2.15 Number of new symbols (SDNUMNEWSYMS)

Thisfqur-byte field contains the number of symbols defined in this dictionary.

NQTE — SDNUMEXSYM S and SDNUMNEWSYM S are often, but not aways; the same value. For example, if a dictio]
exforts some of the symbols that it imported from dictionaries that it<refers to, then the dictionary effectively copig
syr;lgarols. Those symbols are reflected in SDNUMEXSYMS but not in SDNUMNEWSYMS. Ancther possible sg
difflerence comes from the possibility that a dictionary defines some symbols that it does not export.

7.4.2.16 Symboal dictionary segment Huffman table selection

values of the parameters SDHUFFDH, SDHUEFDW, SDHUFFBM SIZE and SDHUFFAGGINST acq
ection fields shown in 7.4.2.1.1, and the tallles segments referred to by this segment. More precisely, @
uffman tables, some may be specified to, usé some standard table, and some may be specified to use

table. The number specified to use a usér*supplied table must be equal to the number of tables segmentsr|

1) HUFFDH

2 HUFFDW

3) HUFFBMSIZE

4) HUFFAGGINST

If a uspr-specified.table is used for SDPHUFFDW, then this table must be capable of coding the out-of-band val ue
If a user-specified table is used for SDHUFFDH, SDHUFFBM SIZE or SDHUFFAGGINST, then this table m
be cappbl e of-coding the out-of-band value OOB.

hary re-
s those
urce of

rording
f these
R USer-
eferred
ording

e OOB.
ust not

EXAMPELE — If SDHUFFDH and SDHUFFAGGINST are specified to use user-supplied tables, and SDHUFFD

\W and

SDHUFFBM SIZE are specified to use standard tables (Tables B.2 and Table B.1 respectively), then this segment must
refer to exactly two tables segments; the tables segment that is referred to first is used for SDHUFFDH and the tables

segment that isreferred to second is used for SDHUFFAGGINST.

7.4.2.2 Decoding a symbal dictionary segment

A symboal dictionary segment is decoded according to the following steps:

1) Interpret itsheader, asdescribed in 7.4.2.1.

2) Decode (or retrieve the results of decoding) any referred-to symbol dictionary and tables segments.

3) If the "bitmap coding context used” hit in the header was 1, then, as described in E.3.8, set the arithmetic

coding

statistics for the generic region and generic refinement region decoding procedures to the val ues that they contained
at the end of decoding the last-referred-to symbol dictionary segment. That symbol dictionary segment's symbol
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4)

5)

6)

7)

ISO/IEC 14492 : 2001 (E)

dictionary segment data header must have had the "bitmap coding context retained” bit equal to 1. The values of
SDHUFF, SDREFAGG, SDTEMPLATE, SDRTEMPLATE, and al of the AT locations (both direct and
refinement) for this symbol dictionary must match the corresponding values from the symbol dictionary whose
context values are being used.

If the "bitmap coding context used" bit in the header was O, then, as described in E.3.7, reset all the arithmetic
coding statistics for the generic region and generic refinement region decoding procedures to zero.

Reset the arithmetic coding statistics for all the contexts of all the arithmetic integer codersto zero.

Invoke the symbol dictionary decoding procedure described in 6.5, with the parameters to the symbol dictionary
decoding procedure set as shown in Table 28.

ntents of the arlthmetlc coding statlstlcs for the generic reg|on and generic reﬂnement region. dg
pfocedures.

NQTE - Step 3) is intended to reduce the coding costs of symbol dictionaries. A side-effect of decoding a-symbol dictipnary is
thal the arithmetic coding statistics used for coding bitmaps "learn" the approximate statigtics of the symbols in that [symbol
dicfionary. These two steps (3 and 7) alow some limited reuse of these stetistics: the statistics learned, when decoding the|symbol
dicfionary, that isthelast symbol dictionary referred to, are used as a starting point for decoding this.symbal dictionary.

Step 7) is explicitly present because not every symbol dictionary's arithmetic coding statisticswill be used by another dig

Knowing that they will not be used allows the decoder to discard them, reducing memory usage.

Table 28 — Parameter s used to decode a symbel dictionary segment

fionary.

Name Value

SDHUFF Asshownin 7.4.2.1:1.

SDREFAGG As shown in 7.4.2:8:1.

SDNUMINSYM S The total numberof exported symbols from al the symbal dictionary
segments referred to by this segment.

SDINSYMS Concatenate the exported symbol arrays from all the symbol dictionary
segmentsreferred to by this segment, in the order in which they are
referred to.

SDNUMNEWSYM S As shownin 7.4.2.1.5.

SDNUMEXSYMS Asshownin 7.4.2.1.4.

SDHUFFDH See7.4.2.16.

SDHUFFDW See7.4.2.16.

SDHUFFBMSIZE See7.4.2.16.

SDHUFFAGGINST See7.4.2.16.

SDTEMPLATE See7.4.2.11.

SDATX{ See7.4.2.1.2.

SDATY; See7.4.2.1.2.

SDATX, See7.4.2.1.2.

SDATY, See74212

SDATX3 See7.4.2.1.2.

SDATX, See7.4.2.1.2.

SDATY 3 See7.4.2.1.2.

SDATY, See7.4.2.1.2.

SDRTEMPLATE See7.4.2.11.

SDRATX See7.42.1.3.

SDRATY See7.4.2.1.3.

SDRATX, See7.4.2.1.3.

SDRATY See7.4.2.1.3.
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7.4.3 Text region segment syntax

The data parts of all three of the text region segment types ("intermediate text region", "immediate text region" and
"immediate losdess text region") are coded identically, but are acted upon differently, see8.2. The syntax of these
segment types data partsis specified here.

7.43.1 Text region segment data header

The data part of a text region segment begins with a text region segment data header. This header contains the fields
shown in Figure 35 and described bel ow.

Region segment information field —see 7.4.1.
Text region segment flags— see 7.4.3.1.1.

Text rpgion segment Huitman flags— see /.4.3.L.2.

Text rpgion segment refinement AT flags—see 7.4.3.1.3.
SBNUMINSTANCES —see 7.4.3.1.4.

Text rpgion segment symbol | D Huffman decoding table —see 7.4.3.1.5.

\ \ \ [
Regioh segment | Text region Text region Text region Text region
information field segment segment segment refinement SBNUMINSTANCES segment symbgl ID
flags Huffman flags AT flags Huffman decoding table

Figure 35— Text region segment datahéader

74311 Text region segment flags
Thistwo-byte field is formatted as shown in Figure 36 and as:described below.

I
SBR-
SBDEF- TRANS- SBREF- L

TLE\'Y:'E SBDSOFFSET PIXEL SBCOMBOP POSED REFCORNER LOGSBSTRIPS INE BNHUFF

| | | | | | | | | | | | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Figure 36 — Text region flagsfield structure

Bits0 SBHUFF
If thisbit is 1, then the segment uses the Huffman encoding variant. If this bit is O, then the segment uses
thie arithmetic encoding variant. The setting of this flag determines how the data in this segmpnt are
encoded.

Bit 1 SBREFINE

If thisbit is 0, then the segment contains no symbol instance refinements. If thisbit is 1, then the segment
may contain symbol instance refinements.

Bits 2-3 LOGSBSTRIPS

Thistwo-bit field codes the base-2 |ogarithm of the strip size used to encode the segment. Thus, strip sizes
of 1, 2, 4, and 8 can be encoded.

Bits 4-5 REFCORNER. The four values that this two-bit field can take on are:

0 BOTTOMLEFT
1 TOPLEFT

2 BOTTOMRIGHT
3 TOPRIGHT
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NOTE - The best compression is usualy achieved when the reference point of each symbol is on the text baseline. Given that text
can run in any of eight directions, there needs to be some flexibility in which corner of a given symbol is used as the reference
point.

Bits 6

TRANSPOSED

If this bit is 1, then the primary direction of coding is top-to-bottom. If this bit is 0, then the primary

direction of coding isleft-to-right. Thisallows for text running up and down the page.

Bits 7-8 SBCOMBOP. This fidd has four possible values, representing one of four possible combination

operators:

0 OR
1 AND
2 XOR

Bit 9

Bits 1

3 XNOR

SBDEFPIXEL

Thishbit containstheinitial value for every pixel in thetext region, before any symbols@redrawn.
)-14  SBDSOFFSET

Thissigned five-bit field contains the value of SBDSOFFSET — see 6.4.8.

Bit 15 SBRTEMPLATE
This field controls the template used to decode symbol instance™tefinements if SBREFINE s 1. If
SBREFINE is0, thisfield must contain the value 0.
7.43.12 Text region segment Huffman flags
Thisfigld isonly present if SBHUFF is 1.
Thistwo-byte field is formatted as shown in Figure 37 and as described below.
Rl\ise“!’)ed SEQQIUZ'I:EF_ SBHUFFRDY SBHUFFRDX  SBHUFFRDH@) SBHUFFRDW SBHUFFDT SBHUFFDS SBHUFFS
u%t e X selection selection selection selection selection selection selgction
selection
| | | | | | | | | | | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Figure 37— Text region Huffman flagsfield structure
Bits 0{1 SBHUFFFS selection. This two-bit field can take on one of three values, indicating which table is to be

used for SBHUFFFS.

0 TahleB.6
1 TableB.7
3<User-supplied table

Thevalue 2 isnot permitted.

Bits 2

3 SBHUFFDS sdection. This two-hbit field can take on one of four values, indicating which table i

S to be

Bits 4-

used tor SBHUFFDS.

0 TahleB.8
1 TableB.9
2 TableB.10
3 User-supplied table

5 SBHUFFDT sdection. This two-hit field can take on one of four values, indicating which table i
used for SBHUFFDT.

0 TableB.11
1 TableB.12
2 TableB.13
3 User-supplied table
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Bits 6-

Bits 8-

7 SBHUFFRDW selection. This two-bit field can take on one of three values, indicating which table is to

be used for SBHUFFRDW.

0 TableB.14
1 TableB.15
3 User-supplied table

Thevaue 2 isnot permitted. If SBREFINE is 0 then this field must contain the value O.

9 SBHUFFRDH selection. Thistwo-bit field can take on one of three values, indicating which tableisto be

used for SBHUFFRDH.
0 TableB.14

Bits 1

Bits 1%

Bit 14

Bit 15

7431

This fi
Figure

T TaneB.I5
3 User-supplied table

Thevaue 2 isnot permitted. If SBREFINE is 0 then this field must contain the value O,

D-11  SBHUFFRDX selection. Thistwo-hit field can take on one of three values, indicating'which table
used for SBHUFFRDX.

0 TableB.14
1 TableB.15
3 User-supplied table

Thevaue 2 isnot permitted. If SBREFINE is O then this field'must contain the value O.

D.

13 SBHUFFRDY sdection. Thistwo-hit field can take on oneof’three values, indicating which table
used for SBHUFFRDY .

0 TableB.14
1 TableB.15
3 User-supplied table

Thevaue 2 isnot permitted. If SBRERINE is 0 then this field must contain the value O.

SBHUFFRSIZE sdlection. If thisfield is 0 then Table B.1 is used for SBHUFFRSIZE. If this fi¢
then a user-supplied table is used for SBHUFFRSIZE. If SBREFINE is 0 then this field must
the value 0.

Reserved; must be 0.

.3 Text region refinement AT flags

eld is only presentdfsSBREFINE is 1 and SBRTEMPLATE is 0. It is a four-byte field, formatted as sh
38 and as described bel ow.

SBRATX; | SBRATY; | SBRATX; | SBRATY;

sto be

sto be

Hd is1
contain

pwn in

ByteO
Bytel
Byte2
Byte3

Figure 38 — Text region refinement AT flagsfield structure

SBRATX;
SBRATY;
SBRATX,
SBRATY

The AT coordinate X and Y fidlds are signed values, and may take on values that are permitted according to 6.3.5.3.
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7.4.3.1.4 Number of symbol instances (SBNUMINSTANCES)

Thisfour-byte field contains the number of symbol instances coded in this segment.

7.4.3.1.5 Text region segment symbol |D Huffman decoding table

Thisfield contains a coded version of the Huffman codes used to decode symbol instance IDs in the text region decoding
procedure. It is decoded as specified in 7.4.3.1.7. It isonly 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, SBHUFFRDH,
SBHUFFRDX, SBHUFFRDY and SBHUFFRSIZE according to the selection fields shown in 7.4.3.1.2, and the tables

standafd table, and some may be specified to use a user-supplied table. The number specified to use a user-suppli
must be equal to the number of tables segments referred to by this segment. These tables segments are matched

segments referred to by this segment. More precisely, of these eight Hutfman tables, some may be specitied to u?some

table
p with

the Huffman tables using user-supplied tables according to the order in which the tables segments are reférred to, and the

order:

1) SBHUFFFS

2) SBHUFFDS

3) SBHUFFDT

4) SBHUFFRDW
5 SBHUFFRDH
6) SBHUFFRDX
7) SBHUFFRDY
8) SBHUFFRSIZE

If a uspr-specified tableis used for SBHUFFDS, then thistable must be capable of coding the out-of-band value QOB. If
a usal-specified table is used for SBHUFFFS, SBHUFFDT, SBHUFFRDW, SBHUFFRDH, SBHUFIRDX,

SBHUFFRDY or SBHUFFRSIZE then thistable must not be capable of coding the out-of-band value OOB.

7.4.3.1.7 Symbol ID Huffman table decoding

Thistableis encoded as SBNUM SY MiSisymbol 1D code lengths; the actua codesin SBSYM CODES are assigned from

these gymbol ID code lengths using.theadgorithmin B.3.

The symbol 1D code lengths themselves are run-length coded and the runs Huffman coded. This is very similaq to the
"zlib" |coded format documented in RFC 1951, though not identical. The encoding is based on the codes shpwn in

Table 9.

Decod|ng a symbolttDHuffman table proceeds as follows:

1
2)
3)

4)

5)
6)

7)

Read the<cade lengths for RUNCODEQO through RUNCODE34; each is stored as a four-bit value.
Given the lengths, assign Huffman codes for RUNCODEO through RUNCODE34 using the algorithm in B.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 hits. If it is RUNCODE34, read
seven additional bits.

Interpret the RUNCODE code and the additional bits (if any) according to Table 29. This gives the symbol 1D code
lengths for one or more symbols.

Repeat steps 3) and 4) until the symbol 1D code lengthsfor all SBNUM SY M S symbol s have been determined.

Skip over theremaining bitsin the last byte read, so that the actual text region decoding procedure begins on a byte
boundary.

Assign a Huffman code to each symbol by applying the algorithm in B.3 to the symbol ID code lengths just
decoded. Theresult isthe symbol ID Huffman table SBSYM CODES.
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Table 29 — Meaning of the run codes

RUNCODEO Symbol ID code lengthis0
RUNCODE1 Symbol ID code lengthis 1
RUNCODE2 Symbol ID code lengthis 2
RUNCODE3 Symbol ID code lengthis 3
RUNCODE4 Symbol 1D code length is 4
RUNCODES5 Symbol 1D code lengthis5
RUNCODE6 Symbol ID code lengthis 6
RUNCODE? Symbol 1D code length is 7
RUNCODES8 Symbol ID code lengthis 8
RUNCODEY Symbol 1D code Tength 15 9
RUNCODE10 Symbol 1D code length is 10
RUNCODE11 Symbol 1D code length is 11
RUNCODE12 Symbol 1D code length is 12
RUNCODE13 Symbol 1D code length is 13
RUNCODE14 Symbol ID code length is 14
RUNCODE15 Symbol 1D code length is 15
RUNCODE16 Symbol ID code length is 16
RUNCODE17 Symbol 1D code length is 17
RUNCODE18 Symbol 1D code length is 18
RUNCODE19 Symbol 1D code length is 19
RUNCODE20 Symbol ID code length is 20
RUNCODE21 Symbol 1D code length is 21
RUNCODE22 Symbol ID code length is 22
RUNCODE23 Symbol ID code length is 23
RUNCODE24 Symbol 1D code length is 24
RUNCODE25 Symbol 1D code length(s 25
RUNCODE26 Symbol ID code length is 26
RUNCODE27 Symbol 1D code length is 27
RUNCODE28 Symbol 1B code length is 28
RUNCODE29 Symbol 1D’ code length is 29
RUNCODE30 Symbol ID code length is 30
RUNCODE31 Symbol 1D code length is 31
RUNCODE32 Copy the previous symbol 1D code length 3-6 times. The next two bits,
plus 3, indicate this repeat length.
RUNCODE33 Repeat asymbol 1D code length of O for 3-10 times. The next three bits,
plus 3, indicate this repeat length.
RUNCODE34 Repeat a symbol 1D code length of O for 11-138 times. The next seven bits,

plus 11, indicate this repeat length.
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EXAMPLE 1 — Suppose that SBNUM SYM Sis 32 and the symboal ID code lengths for these 32 symbols are, in order:
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These symbol 1D code lengths might be transmitted as the sequence of bytes, in hexadecimal:

0x50 0x03 O0x35 0x32 0x53 0x00 O0x00 0x00 0x00

Ox00 Ox00 Ox00 Ox00 Ox00 Ox00 Ox00 0x35 OxOF
0x8B 0x30 Ox9E 0xBS8

Ox5F Ox1D OxD2 0x83 _0x00

Interprietation of this sequence of bytes can be separated into the following three steps:

1

2)

Thefirst 17 bytes plus the firgt four bits of the 18th byte assign code fengths to the 35 run codes as follows:

Vil Y Py

RUNCODEO 5 RUNCODEL 0 RUNCODE2 0
RUNCODE3 3 RUNCODE#4 3 RUNCODE5 5
RUNCODEG6 3 RUNCGODE7 2 RUNCODES 5
RUNCODE9 3 RUNCODE10 0 RUNCODE11 0
RUNCODE12 0 RUNCODE13 0 RUNCODE14 0
RUNCODE15 Q 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

n I uicl CUUCO

ot & <l " <l bal L = ctla-—af.
Uil A'TTIUL UoCU d'T acoylicu a oSyIlmioul T CUUT TU YU T Ul ZT U,

The algorithm of B.3 assigns the following Huffman codes to the run codes (run codes that are not assigned
Huffman codes are omitted).

RUNCODEO 11100 | RUNCODES 010 RUNCODE4 011
RUNCODE5 11101 | RUNCODEG6 100 RUNCODE7 00
RUNCODES 11110 | RUNCODE9 101 RUNCODE32 110
RUNCODE33 11111
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3) Theremaining part of the byte sequenceis:

OxF 0x8B 0x30 OxX9E 0xB8 Ox5F 0x1D 0xD2 0x83 0x00

where half of thefirst byte has already been consumed. Decoding this sequence using these Huffman codes provides
the following results:

11111 000

101
100

RUNCODE33(0) —that is, RUNCODES33 followed by three bits containing the value 0, indicating a

run of three zero lengths

RUNCODE9
RUNCODE6

4 A

EXAM
symbo

110 00
010
011

110 10

11100
00
101
11110
00

11101

110 10
010
100

00
011
00
00
0000

RUNCODE32(0) —that is, RUNCODE32 followed by two bits containing the value 0

RUNCODE3
RUNCODE4

RUNCODE32(2)

RUNCODEO
RUNCODEY
RUNCODE9
RUNCODES8
RUNCODEY
RUNCODE5

RUNCODE32(2)

RUNCODE3
RUNCODE6
RUNCODEY
RUNCODE4
RUNCODEY
RUNCODE/

Four bits)of padding to fill thelast byte.

fter interpreting the run codes according to Table 29, the desired sequence of symbol 1D code lengthsis dec

PLE 2=This example describes how an encoder might generate an encoded symbol 1D Huffman tabl
IDstableisidentical to that in the previous example.

bed.
e. The

Suppose that atext region refers to a dictionary containing 32 symbols, and that each symbol is used as follows:

32

32

32

32

32

32

16

16

16

16

16

16

32

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 30 then shows, from right to |eft, the progression of the encoding.
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Table 30 — Example of symbol 1D Huffman table encoding

Symbol o O%’d“;?g'nét% Runs RUNCODES
Symbol #1 0 0 Length 3runof 0 RUNCODE33(0)
Symbol #2 0 0
Symbol #3 0 0
Symbol #4 1 9 Length 1 runof 9 RUNCODE9
Symbol #5 8 6 Length 4 run of 6 RUNCODE6
Symbol #6 8 6 RUNCODE32(0)
Q/mhnl HZ 8 6
Symbol #3 8 6
Symbol #9 64 3 Length 1runof 3 RUNCODE3
Symbol #10 32 4 Length 6 runof 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 runof O RUNCODEO
Symbol #17 4 7 Length 1 runof 7 RUNCODE7
Symbol #18 1 9 Length 1 runaf 9, RUNCODE9
Symbol #19 2 8 Length 1 runof 8 RUNCODES8
Symbol #20 4 7 Length 1 '5tn of 7 RUNCODE?
Symbol #21 16 5 Length 6 runof 5 RUNCODE5
Symbol #22 16 5 RUNCODE32(2)
Symbol #23 16 5
Symbol #24 16 5
Symbol #25 16 5
Symbol #26 16 5
Symbol #27 64 3 Length 1runof 3 RUNCODE3
Symbol #28 8 6 Length 1 run of 6 RUNCODE6
Symbol #29 4 7 Length 1 runof 7 RUNCODE?
Symbol #30 32 4 Length 1runof 4 RUNCODE4
Symbol #31 4 7 Length 2 runof 7 RUNCODE7
Symbol-#32 4 7 RUNCODE7

p standard Huffman tree algorithm, the code lengths shown in the " Symbol ID code length" column are assi

bols (whére'a symbol 1D code length of O represents "unused"). Next, those code lengths are grouped in

hned to

runs,

n in the"™Runs’ column. Following that, each run is expressed as one or more RUNCODES, each one potgntially
with omelextra 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

RUNCODEs are not shown):
RUNCODEO 1 RUNCODES3 2 RUNCODE4 2
RUNCODE5 1 RUNCODES6 RUNCODE7
RUNCODES 1 RUNCODE9 2 RUNCODE32
RUNCODE33 1
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These counts are then converted into code lengths using a standard Huffman tree al gorithm:

RUNCODEO

RUNCODE3

RUNCODE4

RUNCODE5

RUNCODEG6

RUNCODE7

RUNCODES

RUNCODE9

RUNCODE32

oglo|fo|o

RUNCODE33

The agorithm of B.3 assigns the following Huffman codes to the run codes:

RUNCODEO
RUNCODBES
RUNCODES
RUNCODE33

11100

44404

L11I1UL
11110
11111

RUNCODE3
RUNCODES

RUNCODE9

010

1006

RUNCODE4
RUNCODE?

RUNCODE32

011

an.

101 110

and these Huffman codes are then used to encode the "RUNCODES" column of Table 30:

=

1111 000
101
100

110 00
010
011

RUNCODES33(0)
RUNCODE9
RUNCODE6
RUNCODE32(0)
RUNCODE3
RUNCODE4
11010 RUNCODE32(2)
11100 RUNCODEQ
00 RUNCODE?
101 RUNCODE9
11110 RUNCODES
00 RUNCODE?
11101 RUNCODE5
11010 RUNCODE32(2)
010 RUNCODE3
100 RUNCODE6
00{_RUNCODE?
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 thelast byte, yielding the sequence of bytes:

Ox50 O0x03 O0x35 0x32 0x53 O0x00 O0Ox00 O0x00 O0x00
Ox00 O0Ox00 Ox00 Ox00 Ox00 Ox00 Ox00 O0x35 OxOF
0x8B 0x30 Ox9E 0xBS8

Ox5F Ox1D OxD2 0x83 0x00
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7.4.3.2 Decoding atext region segment

A text region segment is decoded according to the following steps:
1) Interpret itsheader, asdescribed in 7.4.3.1.

ISO/IEC 14492 : 2001 (E)

2) Decode (or retrieve the results of decoding) any referred-to symbol dictionary and tables segments.

3) Asdescribed in E.3.7, reset adl the arithmetic coding statistics to zero.

4) Invoke the text region decoding procedure described in 6.4, with the parameters to the text region decoding

procedure set as shown in Table 31.

Table 31 — Parameter s used to decode a text region segment

Name Value
SBHUFF Asshownin 7.4.3.1.1.
SBREFINE Asshownin 7.4.3.1.1.
SBDEFPIXEL Asshownin 7.4.3.1.1.
SBCOMBOP Asshownin 7.4.3.1.1.
TRANSPOSED Asshownin 7.4.3.1.1.
REFCORNER Asshownin 7.4.3.1.1.
SBDSOFFSET Asshownin 7.4.3.1.1.
SBW As specified by the regionisegment bitmap width in this segment's region
segment data header.
SBH As specified by the region segment bitmap height in this segment's region

segment data header.

SBNUMINSTANCES

As shown in.%.4.3.1.4.

SBSTRIPS 2LOGSBSTRIPS

SBNUMSYMS The tofa number of exported symbolsin all the symbol dictionary
segments referred to by this segment.

SBSYMCODES As specifiedin 7.4.3.1.7.

SBSYM CODELEN [log, SBNUMSYMS]

SBSYMS Concatenate the exported symbol arrays from all the symbol dictionary
segmentsreferred to by this segment, in the order in which they are
referred to.

SBHUFFFS See7.4.3.16.

SBHUFFDS See7.4.3.16.

SBHUREDT See7.4.3.16.

SBHUEFFRDW See7.4.3.16.

SBHUFFRDH See7.4.3.16.

SBHUFFRDX See7.4.3.16.

SBHUFFRDY See7.4.3.16.

SBHUFFRSIZE See7.4.3.16.

SBRTEMPLATE Asshownin 7.4.3.1.1.

SBRATX, See7.43.1.3.

SBRATY, See7.43.1.3.

SBRATX, See7.43.1.3.

SBRATY See7.43.1.3.
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7.4.4 Pattern dictionary segment syntax

7.4.4.1 Pattern dictionary segment data header

A pattern dictionary segment's data part begins with a pattern dictionary segment data header, formatted as shown in
Figure 39 and as described bel ow.

I I I
Halftone
dictionary HDPW HDPH GRAYMAX

flags

l:igl wre 39 _Pattern r‘lir\tinnnr\ll header structure

Patter dictionary flags—see 7.4.4.1.1.
HDPW —see7.4.4.1.2.
HDPH —see 7.4.4.1.3.

GRAYMAX —see 7.4.4.1.4.

7.4.4.11 Patterndictionary flags
Thisone-byte field is formatted as shown in Figure 40 and as described below.

Bit 0 HDMMR

If thisbit is 1, then the segment uses the MMR encoding variant. If thisbit is O, then the segment Uses the
arithmetic encoding variant.

Bits 142 HDTEMPLATE

Thisfield controls the template used t0-decode patternsif HDMMR is 0. If HDMMR is 1, thisfield must
contain the value O.

Bits 3{7 Reserved; must be 0.

Reserved
Must be 0 HDTEMPLATE HDMMR
1 | |
7 6 5 4 3 2 1 0

Figure 40 — Pattern dictionary flagsfield structure

7.4.4.1.2 Width of the patternsin the pattern dictionary (HDPW)

This one-byte fidd contains the width of the patterns defined in this pattern dictionary. Its value must be greater than
Zero.

7.4.4.1.3 Height of the patternsin the pattern dictionary (HDPH)

This one-byte field contains the height of the patterns defined in this pattern dictionary. Its value must be greater than
Zero.

74.4.1.4 Largest gray-scalevalue (GRAYMAX)

Thisfour-byte field contains one less than the number of patterns defined in this pattern dictionary.
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7.44.2 Decoding a pattern dictionary segment

A pattern dictionary segment is decoded according to the following steps:

1) Interpretitsheader, asdescribed in 7.4.4.1.

2) Asdescribed in E.3.7, reset al the arithmetic coding statistics to zero.

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 32.

Table 32 — Parameter s used to decode a pattern dictionary segment

Name Value
HDMMR Asshownin 7.4.4.1.1.
HDTEMPLATE Asshownin 7.4.4.1.1.
HDPW Asshownin 7.4.4.1.2.
HDPH Asshownin 7.4.4.1.3.
GRAYMAX Asshownin 7.4.4.1.4.

7.4.5 Halftone region segment syntax

The data parts of al three of the halftone region segment types (“intermediate haftone region", "immediate hglftone
region| and "immediate lossless halftone region") are coded identically, but are acted upon differently, see 8{2. The
syntax|of these segment types data partsis specified here.

7.45.1 Halftoneregion segment data header

The data part of a halftone region segment begins with a halftone region segment data header. This header contains the
fields shown in Figure 41 and described bel ow.

Region segment Halftone region Halftone grid Halftone grid
information field segment-flags position and size step sizes

Figure 41 &Halftone region segment data header structure

Regiof segment infor mationAfield —see 7.4.1.
Halftgne region segment,ffags—see 7.4.5.1.1.
Halftdne grid position and size—see 7.4.5.1.2.
Halftgne gridvector —see 7.4.5.1.3.

7.4.5.1.12~Halftoneregion segment flags

Thisone-byte fidd is formatted as shown in Figure 42 and as described bel ow.

HDEF- HENABLE-
PIXEL HCOMBOP SKIP HTEMPLATE HMMR
7 6 5 4 3 2 1 0

Figure 42 — Halftone region segment flags field structure
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Bit 0

Bits 1-2

Bit 3

HMMR

If thisbit is 1, then the segment uses the MMR encoding variant. If thisbit is O, then the segment uses the
arithmetic encoding variant.

HTEMPLATE

This field controls the template used to decode halftone gray-scale value bitplanes if HMMR is O. If
HMMR is 1, thisfield must contain the value O.

HENABLESKIP

This field controls whether gray-scale values that do not contribute to the region contents are skipped
during decoding. If HMMR is 1, thisfield must contain the value 0.

Bits 4{6

Bit 7

7.45.12 Halftonegrid position and size

HCOMBOP
Thisfield has five possible values, representing one of five possible combination operators

0 OR

1 AND
2 XOR
3 XNOR

4 REPLACE
HDEFPIXEL

Thisbit containstheinitial value for every pixel in the halftene region, before any patterns are drawn.

Thisfigld describes the location and size of the grid of gray-scalevalues. See Figure 24 for an illustration of these values.

It isformatted as shown in Figure 43 and as described below.

HGW|-see7.45.1.2.1.
HGH {-see7.4.5.1.2.2;
HGX {see 7.45.1.2'3.
HGY {see %.4:5.1.2.4.

7451271

HGW HGH HGX HGY

Figure 43 Halftone grid position and sizefield structure

Width of the gray-scaleimage (HGW)

Thisfour-byte field contains the width of the array of gray-scale values.

745122

Height of the gray-scaleimage (HGH)

Thisfour-byte field contains the height of the array of gray-scale values.

745123

Horizontal offset of thegrid (HGX)

This signed four-byte field contains 256 times the horizontal offset of the origin of the halftone grid.

745124

Vertical offset of thegrid (HGY)

This signed four-byte field contains 256 times the vertical offset of the origin of the halftone grid.
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7.45.1.3 Halftonegrid vector

This field describes the vector used to draw the grid of gray-scale values. See Figure24 for an illustration of these
values. It isformatted as shown in Figure 44 and as described below.

HRX HRY

Figure 44 —Halftone grid vector field structure

HRX { See7.45.1.3.1.
HRY {See7.45.1.3.2.

745131 Horizontal coordinate of the halftone grid vector (HRX)

This unsigned two-byte field contains 256 times the horizontal coordinate of the halftone grid vector.
745132 Vertical coordinate of the halftone grid vector (HRY)
This unsigned two-byte field contains 256 times the vertical coordinate of the halftone grid vector.

7.45.3 Decoding ahalftoneregion segment

A halffone region segment is decoded according to the following steps:
1) rlterpret its header, asdescribed in 7.4.5.1.

2) Dlecode (or retrieve the results of decoding) the referred-to patterr/dictionary segment.
3) Alsdescribed in E.3.7, reset al the arithmetic coding statisticsto zero.

4)

nvoke the halftone region decoding procedure describeghin 6.6, with the parameters to the halftone region decoding
ocedure set as shown in Table 33.

©

Table 33 — 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
segment data header.

HMMR Asshownin 7.4.5.1.1.

HTEMPLATE Asshownin 7.4.5.1.1.

HENABLESKIP Asshownin 7.4.5.1.1.

HCOMBOP Asshownin 7.4.5.1.1.

HDEFPIXEL Asshownin 7.4.5.1.1.

HGW Asshera—4-512k

HGH Asshownin 7.4.5.1.2.2.

HGX Asshownin 7.4.5.1.2.3.

HGY Asshownin 7.4.5.1.2.4.

HRX Asshownin 7.4.5.1.3.1.

HRY Asshownin 7.4.5.1.3.2.

HNUMPATS The number of patternsin the pattern dictionary segment referred to by this
segment.

HPATS 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.
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7.4.6 Generic region segment syntax

The data parts of al 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, see8.2. The
syntax of these segment types data partsis specified here.

7.4.6.1 Genericregion segment data header

The data part of a generic region segment begins with a generic region segment data header. This header contains the
fields shown in Figure 45 and described bel ow.

Region segment Generic region Generic region

b : mdl £l At
mmrormataorreTta STYIICTitnays SCUIMITIIUAT TTIays

Figure 45— Generic region segment data header structure

Regiof segment information field —see 7.4.1.
Generfic region segment flags—see 7.4.6.2.
Generfic region segment AT flags—see 7.4.6.3.

7.4.6.3 Genericregion segment flags
Thisone-byte field is formatted as shown in Figure 46 and as described below.

Reserved
Must be O

| | | ] | |

TPGDON GBTEMPLATE MMR

Figure 46 — Generjcregion segment flagsfield structure

Bit 0 MMR
Bits 192 GBTEMPLATE

This field specifies the template used for template-based arithmetic coding. If MMR is 1 then th|s field
must contain-the value zero.

Bit 3 TPGBON
Fhisfield specifies whether typical prediction for generic direct coding is used.

Bits 447 Reserved; must be zero.

7.4.6.3 Genericregion segment AT flags

Thisfiedisonly present if MMR isO. If GBTEMPLATE isO, it is an eight-byte field, formatted as shown in Figure 47
and as described below.

GBATX; GBATY; GBATX; GBATY; GBATXs3 GBATY; GBATX4 GBATY,

Figure 47 —Genericregion AT flags field structure when GBTEMPLATE is0O
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GBATX;
GBATY;
GBATX,
GBATY,
GBATXj
GBATY;
GBATX4
GBATY,

If GBEITEM PLATE is 1, 2 or 3, it is a two-byte field formatted as shown in Figure48 and as described 'be
GBTHMPLATE is 1, 2 or 3 then the values of GBAT X, through GBAT X4 and GBATY , through GBATY 4

Zero.

Byted
Byte 1
TheA

7.4.6.4

1)
2) A
3)

M

A genl!ic region segment is decoded according to the following seps:

GBATX; GBATY;

Figure 48 —Genericregion AT flagsfield structure when GBTEMPLATE isnot 0

GBATX,
GBATY,
I coordinate X and Y fields are signed values, and may takeon values that are permitted according to Figur

Decoding a generic region segment

terpret its header, as described in 7.4.6.1
S described in E.3.7, reset dl the arithmetic’coding statistics to zero.

voke the generic region decoding procedure described in 6.2, with the parameters to the generic region de
ocedure set as shown in Table 34,

Table 34— Parameter s used to decode a generic region segment

ow. If
are dl

coding

Nameée Value

MMR Asshownin 7.4.6.2.

GBTEMPLEATE Asshownin 7.4.6.2.

TPGDON Asshownin 7.4.6.2.

USESK'IP 0

GBW As specified by the region segment bitmap width in this segment's region
Qogmmf data header

GBH As specified by the region segment bitmap height in this segment's region
segment data header.

GBATX; See7.4.6.3.

GBATY; See7.4.6.3.

GBATX, See7.4.6.3.

GBATY, See7.4.6.3.

GBATX3 See7.4.6.3.

GBATY; See7.4.6.3.

GBATX,4 See7.4.6.3.

GBATY, See7.4.6.3.
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Asaspecial case, asnhoted in 7.2.7, an immediate generic region segment may have an unknown length. In thiscase, itis
also possible that the segment may contain fewer rows of bitmap data than are indicated in the segment's region segment
information field.

In order for the decoder to correctly 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 the data
part in advance: if MMR is 1, they are preceded by the two-byte sequence 0x00 0x00; if MMR is 0, they are preceded
by the two-byte sequence OxFF OxAC. The row count field contains the actual number of rows contained in this
segment; it must be no greater than the region segment bitmap height value in the segment's region segment information
field.

NOTE - The sequence 0x00 0x00 cannot occur within MM R-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 generate 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 | ossess generic refinement region) are codedHidentically, [out are
acted yipon differently, see 8.2. The syntax of these segment types data partsis specified here.

7.47.1 Genericrefinement region segment data header

The data part of a generic refinement region segment begins with a generic refinement.region segment data headgr. This
header| contains the fields shown in Figure 49 and described bel ow.

Generic
. refinement Generie refinement
Region segment ) .
; e region region segment
information field
segment AT flags
flags

Figure 49 — Generic refinement region’segment data header structure

Regiof segment information field —see 7.4.1.
Generfic refinement region segment flags £ see 7.4.7.2.

Generjic refinement region segment AT flags—see 7.4.7.3.

7.4.7.3 Genericrefinement region segment flags
Thisone-byte field is formatted as shown in Figure 50 and as described below.

Reserved GRTEMP-
Must be O TPGRON LATE
|
7 6 5 4 3 2 1 0

Figure 50 — Generic refinement region segment flags field structure

Bit 0 GRTEMPLATE

Thisfield specifies the template used for template-based arithmetic coding.
Bit 1 TPGRON

Thisfield specifies whether typical prediction for generic refinement is used.

Bits 2-7 Reserved; must be zero.
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7.4.7.3 Genericrefinement region segment AT flags
This field is only present if GRTEMPLATE is 0. It is a four-byte field, formatted as shown in Figure51 and as
described bel ow.
GRATX; GRATY; GRATX, GRATY,

Figure 51 — Generic refinement region AT flagsfield structure
Byted 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.

1.4.7

If thi

contentts of the auxiliary buffer associated with the region segment that:thi's segment refers to.

If thi

contenits of the page buffer (see clause 8), restricted to the area of the page buffer specified by this segment's
segment information field.

7.4.7

A gengric refinement region segment is decoded according to the following steps:

1

2) AlsdescribeddinE.3.7, reset al the arithmetic coding statistics to zero.

3)
4)

7.4.8

4 Reference bitmap selection

s segment refers to another region segment, then set the reference hitmap GRREFERENCE to be the

s|segment does not refer to another region segment, sst GRREFERENCE to be a bitmap containing the

.3 Decoding a generic refinement region segment

Interpret its header as described in 7.4.7.1. If this segment does not refer to another region segment then its e
mbination operator must be RERLACE. If it does refer to another region segment, then this segment's

~ O

gcation, and external combination operator.

NOTE - The requirement that the locations and external combination operators match is present to assist decod
want to produce-irmages of a page that is only partialy decoded: it ensures that the find location and
combination._operator is known for al intermediate segments. These partialy-decoded page images are out
scope of this Recommendation | International Standard.

Deeterminethe buffer associated with the region segment that this segment refers to.

current

current
region

Xternal
region

tmap size, location, and external\combination operator must be equal to that other segment's region bitmap size,

ers that
pxternal
Hde the

nvoke the generic refinement region decoding procedure described in 6.3, with the parameters to the

jeneric

=

fTement Tegiom decodimy procedure Setas STowrT i T apte35:

Page infor mation segment syntax

A page information segment describes a page. It contains the fields shown in Figure 52 and described bel ow.

Page bitmap width —see 7.4.8.1.

Page bitmap height —see 7.4.8.2.

Page X resolution —see 7.4.8.3.
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Table 35— Parameter s used to decode a generic r efinement region segment

Name Value
GRTEMPLATE Asshownin 7.4.6.2.
TPGRON Asshownin 7.4.6.2.
GRW 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.
GRREFERENCE See7.4.7.4.
GRREFERENCEDX 0
GRREFERENCEDY 0
GRATX, See7.4.7.3.
GRATX, See7.4.7.3.
GRATY, See7.4.7.3.
GRATY, See7.4.7.3.
T T T T T T T T T T T T T
Page Page
Page bitmap width Page bitmap height Page X resolution Page Y.résolution segment striping
flags informatio

Figure 52 — Page infor mation.segment structure

Page Y resolution —see 7.4.8.4.
Page gegment flags— see 7.4.8.5.
Page gtriping infor mation — see 7.4.8.6,

The fingt segment that is associ ated-with any page must be a page information segment.

7.4.8.1 Page bitmap width

Thisiga four-byte value.eontaining the width in pixels of the page's bitmap.

7.4.8.3 Pagebitmap height

Thisig afour-byte value containing height in pixels of the page's bitmap. In some cases, this value may not be known at
the time-thatthe page-iformation-segment-iswritten—tn-this case thisfidd-mustcontain- OxFEEEEEEE —and-the actua

page height may Beéommunicated later, once it is known.

7.4.8.3 Page X resolution

This is a four-byte value containing the resolution of the origind page medium, measured in pixelSmetre in the
horizontal direction. If this valueis unknown, then thisfield must contain 0x00000000.

7484 PageY resolution

Thisis a four-byte value containing the resolution of the origina page medium, measured in pixelsmetre in the vertical
direction. If this value is unknown, then thisfield must contain 0x00000000.
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7.4.85 Page segment flags

Thisisaone-byte field. It is formatted as shown in Figure 53 and as described below.

Page Page Page Page .
Reserved combination  requires Sg%%%jsgx default might e\?:r?ti;?l
Must be 0 operator auxiliary pixel contain Y
’ operator : lossless
overridden buffers value refinements
| ! | |
7 6 5 4 3 2 1 0

Figure 53 — Page segment flagsfield structure

Bit 0

Bit 1

Bit 2

Bits 3

Bit5

Bit 6

NQ
in{
Seg
all

def

NG

Page is eventually lossless. If this bit is O, then the file does not contain a lossless representation
origina (pre-coding) page. If this bit is 1, then the file contains enough information to reconstr
original page.

Page might contain refinements. If this bit is O, then no refinement region segment may. be associat
the page. If thishitis 1, then such segments may be associated with the page.

Page default pixel value. This bit contains the initial value for every pixel if the page, before any
segments are decoded or drawn.

4 Page default combination operator. This field has four possible valuéesprepresenting one of four p
combination operators:

0 OR

1 AND
2 XOR
3 XNOR

This operator is used to merge overlapping region segments, and also to combine region segmen
the page default pixel value.

Page requires auxiliary buffers. If this bit\is 0, then no region segment requiring an auxiliary buff
be associated with the page. If thishit.iS)1, then such segments may be associated with the page.

of the
Lict the

ed with

region

pssible

ks with

B may

Page combination operator overridden. If this bit is O, then every direct region segment associated with

this page must use the page's default combination operator. If this bit is 1, then direct region so
associated with this page may use any combination operators.

[TE 1 — All region segments, exceptifor refinement region segments, are direct region segments. Because of the requi
A4.7.5 regtricting the external combination operators of refinement region segments, if this bit is 0, then refinement
ments associated with this pagethat refer to no region segments must have an external combination operator of REPLA
bther region segments associated with this page must have the externa combination operator specified by this page]
hult combination operator™.

TE 2 —If al the direCtTegion segments associ ated with a page use the same combination operator, then it is possible to

jments

ements

region
CE, and
5 "Page

reorder

thefn 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 gegment
hegders whether~any such non-default combination operators are used in the page, so this bit indicates that reordering jmay be
possible, if the.decoder wishesto perform it.

Bit 7 Reserved; must be O.

7.4.8.6— Page Jripinginformation

Thisisatwo-bytefield. It isformatted as shown in Figure 54 and as described below.

Ztar?peeijs Maximum stripe size
| | | | | | | | | | | | | | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Figure 54 — Page striping infor mation field structure
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Bits 0-14 Maximum stripe size
Bit 15 Pageis riped

If the "page is striped” bit is 1, then the page may have end of stripe segments associated with it. In this case, the
maximum size of each stripe (the distance between an end of stripe segment's end row and the end row of the previous
end of stripe segment, or 0 in the case of thefirst end of strip segment) must be no more than the page's maximum stripe
size

If the page's bitmap height is unknown (indicated by a page bitmap height of Ox FFFFFFFF) then the "page is striped"
bit must be 1.

7.4.9 End of page segment syntax

An endl of page segment has no associated data. Its segment data length field must be zero.

The lagt segment that is associated with any page must be an end of page segment. Each page must have exactty ane end
of page segment associated with it.

If a papge's height was originally unknown, then there must be at least one end of stripe segment associated with the page.
In thigcase, the end row of that last stripe is the last row of the page bitmap and no region segment may occur between
the lag end of stripe segment and the end of page 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 segment is
associgted, and will not revisit it. It specifies the Y coordinate of a row of thepage; no segment following the|end of
stripe may modify any portion of the page bitmap that lines on or above that few; furthermore, no segment preceding the
end of[stripe may modify any portion of the page bitmap that lies below that row. Thisrow is called the "end row| of the
stripe.
NQTE 1 - In some cases, the decoder may only have alimited amount éf\buffer memory for the page bitmap, smaller thanlthe size
of the page. The decoder needs to be told when it is able to outputthe current buffer contents and clear the buffer for he next
stripe of the page.

The erjd row specified by an end of stripe segment mugt liegbelow any previous end row for that page.

A page 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 pagein this case.

The segment data of an end of stripe segment consists of one four-byte value, specifying the Y coordinate of the end row.

NQTE 3 - If a stripe boundary breaks aline of text into two parts, atop part and a bottom part, the characters straddling the stripe
boyndary are also broken. One way of-handling these straddling charactersis to code them with a generic region, or to add the top
halyes and bottom halves to a symboldictionary and use those top and bottom halves as other symbols.

Ho\yvever, if the encoder has more buffer space than the decoder, a more efficient encoding method is possible: the encqder can
(temporarily) ignore the stripe boundary, and generate a list of symbol instances, and a symbol dictionary. It can then encode a
tex| region in each stripe;-thefirst text region contains al the symbol instances that affect the portion of the page above the stripe
boyndary; the second text-region contains al the symbol instances that affect the portion bel ow the stripe boundary.

Thils means that some"symbol instances appear twice, both times using the same symbol in the symbol dictionary. Tlhe first
aplearance encodes the top half of the character, where the bottom half is clipped off by the drawing rules used in the text region
deqoding procedure. The second appearance likewise encodes the bottom half of the character: the entire character is encofled, but
theftop halfis.clipped off. Thus, this encoding method reduces the amount of symbol dictionary data required.

7.4.11| “~End of file ssgment syntax

If afile contains an end of file segment, it must be the last segment.

An end of file segment has no associated data. Its ssgment 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
compliance with each of the profiles listed.
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More than one profiles segment may be present. If more than oneis present, then each one, other than the first one, must
be associated with a page. No page may have more than one profiles segment associated with it. Also, each profiles
segment past the first one must be more restrictive than the first one; that is, it mugt list al of the profile identification
numbers liged in the firs segment, and possibly more. The segments making up each page mugt, collectively, be in
compliance with each of the profileslisted in any profiles segment associated with that page.

NOTE - The global profiles segment alows a decoder to find out quickly that it cannot decode a given data stream. Allowing each
page to contain a possibly different (though more restrictive) profiles sesgment eases moving pages from one file to another.

7.4.13 Codetable segment syntax

A code table segment's syntax is described in Annex B.

7.4.14]  EXtension segment syntax
An extenson segment's data begins with a extension header:

Extengion type: This is a four-byte field which contains an identification of the type of data that-aré present| in the
exteng{on segment:

The three most significant bits of this field have special meaning:

Bit 29 Reserved. Future revisions of this Recommendation | International Standard may define extensior] types;
extension types may also be registered by other parties. Other partiésmay register only extension types
with this bit equal to O; all extension types having bit 29 equal to L’arereserved for futurerevisiongof this
Recommendation | International Standard.

Bit 30 Dependent. If this bit is 1, then the coding of the data in the extension segment is dependent on the exact
encoding of the data in the segments that the extension:segment refers to. Any file manipulation pfogram
that modifies those referred-to segments needs to modify this extension segment's data correspondingly; if
it does not understand the extension segment (due'te not recognising its extension type), and if it ifs not a
necessary extension segment, then the segment should be del eted.

EXAMPLE — An extension segment containing a CRC of 'the segment that it refersto should be flagged as dependent.

Bit 31 Necessary. If thishit is 1, then anydecoder that does not know how to parse extensions of this extension
segment's type will not be able to'correctly decode thefile to produce the intended decoded page inages.

NQTE - Thisis intended to facilitate future extensions to JBIG2, such as coding improvements. If this bit is 1, then a decqder that
dogs not understand the extension knows that it has encountered data necessary to the correct decoding of the page that if cannot
handle. For example, an extension/Segment containing a region that is coded with some new method would be flagjged as
"necessary”, as without that regionthe’page image is not complete. Another example might be an extension segment contgining a
set pf colours that should be appliedto the symboals on the page as they are drawn.

If the '|necessary” hit is 1,then'the "reserved" bit must also be 1.

The rgmainder of the extension segment's data immediately follows the extension type field, and is formatted in some
way particular tothe'type of extension.

7.4.15| Defined extension types

Thef Lot na-ovtanciap-tvnec-ara-ericcentbh L daefined
OV G- CXtCRorontypCotrre-carchtry - acnmcor

0x20000000 Single-byte coded comment. See 7.4.15.1.

0x20000002 Multi-byte coded comment. See 7.4.15.2.

7.4.15.1 Single-byte coded comment

A single-byte coded comment extension segment holds textua 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.
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A single-byte coded comment segment contains a number of (name, value) pairs. Each element of each pair is a string of
characters, and isterminated by a 0x00 byte. The lagt pair isfollowed by an additional 0x00 byte. The other bytes shall
be interpreted according to | SO/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.

EXAMPLE — The comment containing the following pairs

Title An Illustrated History of False Teeth
Aut hor The Bi g Cheese

is stored as the following sequence of bytes. The bytes are shown as hexadecimal numbers together with their printable
equivalents, with "." indicating an unprintable byte. Note the four-byte extension type at the start of the segment data:

20 00 00 00 54 69 74 6C 65 00 41 6E 20 49 6C 6C Title An 111
75 73 74 72 61 74 65 64 20 48 69 73 74 6F 72 79 ustrated Hi story,
20 6F 66 20 46 61 6C 73 65 20 54 65 65 74 68 00 of Fal se Teeth.
41 75 74 68 6F 72 00 54 68 65 20 42 69 67 20 43 Author.The Bj-g)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 comment
extengon segment, except that the individual characters each occupy two bytes, in the I SO/IEC 10646-1:1993 erjcoding
(UCS-P). Each element of each pair in the comment is terminated by a 0x0000 andthe final pair is followed by an
additignal 0x0000.

8 Page M ake-up

81 Decoder model

This clause describes the result that a decoder conforming to thi§ Recommendation | International Standard shall groduce
when glecoding a page. It does this by specifying a set of steps that produce the correct result; a conforming decodér need
not pefform these exact seps, but shall produce the same restilt asif 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, gslong asit produces the correct final result for-each page.

In the fFollowing description, we will assumeforsimplicity that the decoder has a sngle page buffer, auxiliary buffers to
be usefl while decoding that page, and additional dictionary memory. Decoders with other components are allowed, as
long a$ they produce the same page buffer.as this abstract decoder does.

At thelend of the decoding process; the'page buffer contains the result of decoding the page.

Each duxiliary buffer has aloeation associated with it; thislocation isthe location of the buffer’s top left pixel, relgtive 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.

The diftionary memory contains the information obtained by decoding dictionary segments.

8.2 Pageimage composition

ThefirEal bitmap for each page is coded by zero or more region segments associated with that page. Each region segment
describes SOome of the contents Of a rectangular region of the page. Since these regions € page may overTap, and since
some parts of the page might be described at multiple levels of refinement, it isimportant 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
whether any of the page's direct region segments overrides the page combination operator. If the bit is 0, then no direct
region segment associated with this page overrides the page combination operator. The decoder may use thisinformation
to optimise its decoding.

The result of decoding a region segment is a bitmap. The size of this bitmap and its location with respect to the page
buffer are given in the region segment information field.
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The final contents of the page buffer that the decoder shall produce as the final result of decoding a page are those that
would be generated by the following steps:

1
2)

3)
4)
5)

6)

7)

Decode the page information segment.

Cresate the page buffer, of the sze given in the page information segment.

If the page height is unknown, then thisis not possible. However, in this case the page must be striped, and the
maximum stripe height specified, and the initial page buffer can be created with height initidly 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 (together with the last end of stripe segment) allows determination of the page's actua
height.

[l the page buffer with the page's default pixel value.
Htch the next region segment associ ated with that page.

he following cases exist:

Alternately, when the page height is unknown, the decoder may use a fixed-size buffer whose heightis fual to
the page’ s maximum stripe height. As each end of stripe segment is encountered, the decoder can. print, ¢r copy
to some other location, all the rows in this buffer up to and including the stripe's end row, then-clear the buffer
in preparation for the next stripe. The decoder may follow this strategy whenever the page isstriped, even if the
page height is known beforehand.

NOTE — The steps below can be followed regardless of which striping strategy is followed., The restrictions imposed by
striping ensure that once an end of stripe segment is seen, no part of the page above ef,On'that stripe's end row can be
modified, and so the presentation below is phrased in terms of a page buffer that is thefull size of the page, evgn when
the page’ s height is not known initialy.

The region segment is an immediate direct region segment.” In this case, decode the region segment. The result
of decoding the region segment is a bitmap; combingthis bitmap with the current contents of the page|buffer,
using the region segment’s combination operator.

The region segment is an intermediate direct region segment. In this case, allocate a new auxiliary buffef, using
the size and location specified in the segment’s region segment information field. This buffer is ihitially
associated with the region segment. Degode the region segment, placing the resulting bitmap into the ayxiliary
buffer.

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 ef the page buffer specified in the region segment, according to the data conptained
in the refinement regien segment. This replaces a part of the page buffer with arefined version.

The region segment-is an immediate refinement region segment that refers to another region segmertt. This
other region segment must be a previously occurring intermediate region segment that has not yet| had a
refinement<{egion segment refer to it. The other region segment thus has an auxiliary buffer associated with it.
Note that\the other region segment may itsef be an intermediate refinement region segment. Perfarm 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 buffer using the current region segment’s combination ogerator,
arthe location associated with the auxiliary buffer. Discard the auxiliary buffer.

The region segment is an intermediate refinement region segment. Thisregion 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
isno longer associated with the other region segment.

Repeat steps 4) and 5) until there are no more region segments associated with the page. At this point, all auxiliary
buffers that have been allocated should have been refined, drawn into the page, and discarded, as described in sep 5
d); no auxiliary buffers should remain.

The result of decompressing that pageis given by the final contents of the page buffer.
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The rules described in step 5) are quite simple in principle. Immediate region segments are to be drawn into the page
buffer, either by smply drawing them (direct segments, step 5 a), by refining a part of the page buffer (refinement
segments referring to no other segments, sep 5 ¢), or by refining and then drawing an auxiliary buffer (refinement
segments referring to some other segment, step 5 d). Intermediate region segments involve creating an auxiliary buffer
containing the region bitmap (direct segments, step 5 b), or replacing the current contents of an auxiliary buffer
(refinement segments, step 5 €).

Some exampl es of theserulesin operation:

EXAMPLE 1 - If the page contains no region segments, then the page buffer is filled entirely with the page’ s default
pixe value.

EXAMPLE 2 — The page information segment for page 1 specifies that the page default combination operator is OR and
the page default pixel valueis 0. The region segments associated with page 1 are, in order:

bgment 3, an immediate |ossless text region segment whose external combination operator is OR;
bgment 4, an immediate |0ssless generic region segment whose external combination operator is OR;
bgment 6, an immediate |0ssless hal ftone region segment whaose external combination operator iISOR.

Iting page bitmap can be obtained by decoding segments 3, 4 and 6, and drawing each one.at‘its specified|region

¢d and drawn does not affect the resulting page bitmap. Also, if segment 3 has an internal combination opefjator of
OR and a default pixel value of O, then it may be drawn by simply drawing the symbol jnstances directly into the page
buffer] it is not necessary to decode it into a temporary bitmap then draw that bitmapyinto the page buffer. A gimilar

EXAMPLE 3 — The page information segment for page 2 specifies that the pageldefault combination operator is PR and

bgment 7, an intermediate text region segment;
bgment 8, an intermediate generic bitmap region segment;

bgment 13, an immediate generic bitmap refinement regien“segment whose external combination operator is OR
at refersto segment 8;

bgment 14, an immediate generic bitmap refinementiregion segment whose external combination operator is OR
at refersto segment 7;

bgment 19, an immediate text region segment whose external combination operator is OR;
bgment 22, an immediate generic bitmapregion segment whose external combination operator is OR.

2) ode segment 7 into an auxiliary buffer;

3) ode segment 8 into anauxiliary buffer;

4) efine segment 8 s.adxiliary buffer, according to the refinement information in segment 13, and draw the fefined
buffer into the page buffer using OR, discarding the auxiliary buffer after thisis done;

5) efine segment”7' s auxiliary buffer, according to the refinement information in segment 14, and draw the fefined
buffer into'the page buffer using OR, discarding the auxiliary buffer after thisis done;

6) ode 'segment 19 and draw the resulting bitmap into the page buffer using OR,;

7 0de 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 gep 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 isthe buffer that would be obtained by:

« filling the page buffer with the page’ s default pixel value;

e drawing all the direct-coded region segmentsthat precede the refinement region segment;
»  refining the portion of the region covered by the refinement region segment;

e drawing all the direct-coded region segmentsthat follow the refinement region segment.
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In this case, the order of drawing does matter: all the immediate segments that precede the refinement segment shall be
drawn before the refinement segment is drawn, and the refinement segment shall be drawn before any of the immediate
segmentsthat follow it.

NOTE 2 - In some cases, the decoder may want to display some intermediate form of the page. For example, it may want to
provide the user with a progressive display of the page contents as the page segments are received over some transmission
medium. Any intermediate page bitmaps that it displays are entirely up to the decoder, and are not specified by this
Recommendation | International Standard.

One potentid drategy a decoder could use is to take the current contents of the page buffer and any currently active auxiliary
buffers, and combine al of these buffers using the page’ s default combination operator, and display that to the user. If the page
combination operator is XOR or XNOR, then this combination can be done reversibly, and so might be done into the actua page
buffer, then undone after it has been displayed to the user. If the page combination operator is OR or AND, then this combination
isnot reversible and an extra buffer is required to hold the results of the combination.

The steg Jecoder
may tg ng the
steps.

EXAMPLE 5 - A decoder might notice that an intermediate region segment refers to a region of the|page that is not
gment,
bults of

decoding the page’ s region segments.
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Annex A

Arithmetic Integer Decoding Procedure
(Thisannex forms an integral part of this Recommendation | International Standard)

Al 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 dasses

IADS Used to decode the S coordinate of the second and subsequent symbol instancesin a strip
IADT Used to decode the T coordinate of the second and subsequent symbol instancesin a strip
|IADW Used to decode the difference in width between two symbols in aheight class

IAEX Used to decode export flags

IAFS Used to decode the S coordinate of the first symbol instancein a strip
IAID Used to decode the symbal 1Ds of symbol instances
IAIT Used to decode the T coordinate of the symbol instancesin a strip

IARDH Used to decode the delta height of symbol instance refinements
IARDW  Used to decode the delta width of symbol instance refinements

IARD Used to decode the delta X position of symbol ingtance refinements
IARD Used to decode thededlta'Y position of symbol inganceirefinements
IARI Used to decode the R bit of symbol instances

Each of these is used to decode integer values (which may*include the out-of-band value OOB). The coding|for an
intege is based on a decision tree.

An inyocation of an arithmetic integer decoding precedure involves decoding a sequence of hits, where each bit is
decodgd using a context formed by the bits decoded previoudly in this invocation. Each context for each arifhmetic
integef decoding procedure has its own adaptive probability estimate used by the underlying arithmetic coder, degcribed
in Anrjex E. The sequence of bits decoded is'interpreted to form a value.

Table A.1isused by al the arithmetje-integer decoding procedures except for 1AID.

A2 Procedur e for decading values (except 1AID)

The flgwchart in Figure A<D i's used as part of the decoding procedure. It produces two values, V and S The result of the
integeq arithmetic decoeding procedureis equal to:

« VifS=0
e VifS=TandV>0
« QOBIiffS=1andV=0

Thus, V represents the absolute value of the integer value being decoded, and S represents the sign; the otherwise-
redundant value -0 isinterpreted to mean "OOB".

In Figure A.1, each hit 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 asfollows:

1) Set:

PREV =1

2) Follow the flowchart in Figure A.1. Decode each hit with CX equal to "IAx + PREV" where "IAX" 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 S ‘

y

Decode a bit ‘ V = next 2 bits }7
1

0
9} -
> V = (next 4 bits) + 4 }7

Decode a bit
1
‘ V = (next 6 bits) + 20 }7
1
Decode a bit 0 ‘ V = (next 8 bits) + 84 };
1
Decode a bit 2 ‘ V = (next 12 bits) + 340 }—

1

V = (next 32 bits) + 4436 ‘

4

( Return V, S )

T0828900-99/d18

Figure A.1 —Flowchart for the integer arithmetic decoding procedures (except 1AID)

3) Alfter each hit is decoded: If PREV < 256 set:

PREV = (PREV << 1) ORD

therwise set:

PREV = (((PREV << 1) OR D) AND 511) OR 256

where D represents the value of the just-decoded hit.

Thus, PREV always contains the val ues of the eight most-recently-decoded hits, plus a leading 1 bit, which is used
to indicate the number of bits decoded so far.

4) The sequence of hits decoded, interpreted according to Table A.1, givesthe value that is the result of this invocation
of theinteger 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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2)

84

Table A.1-Arithmeticinteger decoding procedure table

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 hits
—o0 ., .. 4436 111111 + (VAL — 4436) encoded as 32 bits
0OOB 1000

PLE — An invocation of IADW might go as follows:

t CX to "|ADWO000000001". This identifies a particular adaptive' probability estimate identified. Decod
ippose the value decoded (D) isO.

sing CX = |ADW000000010, decode a bit; suppose the value decoded is 1.
sing CX = |ADW000000101, decode a bit; suppose the Value decoded is 0.
sing CX = |ADW000001010, decode a bit; supposethe value decoded is 1.
sing CX = |ADW000010101, decode a bit; suppose the value decoded is 0.
sing CX = |ADW000101010, decode a bit;suppose the value decoded is 0.
sing CX = |ADW001010100, decode a bit; suppose the value decoded is 0.

he sequence of bits decoded so far 'is 0101000. According to Table A.1 and Figure A.1, this corresponds
value 12 (S=0, V = 12), which jstheresult of thisinvocation of IADW.

PREV =1

Decode SBSYM CODELEN bhits asfollows:

a)

b)

PREV = (PREV << 1) OR D
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where D represents the value of the just-decoded bit.

Thus, PREV aways contains the values of all the bits decoded so far, plus aleading 1 bit, which is
used to indicate the number of bits decoded so far.

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 aretheresult of thisinvocation of the | AID decoding procedure.

The niimber of contexts required is 2°°°>YMCODELEN “which is less than twice the maximum symbol ID. THus, the
amourt of memory needed for contexts can be cal culated from the number of symbols, and is typically no mare than two
bytes ger symbol.

EXAMPLE — Suppose that SBSYM CODELEN = 3. An invocation of IAID might go asfollows:

ing the adaptive probability estimate identified setting CX egual to "I1AID0001", decode'abit. Suppose the value
oded is 0.

ing CX =AID0010, decode a hit; suppose the value decoded is 1.
ing CX =1AID0101, decode a hit; suppose the value decoded is 0.
this point, PREV = 1010. Apply Step 3); PREV is now 010. Thusg/the result of this invocation of the IAID

ntext identification used here depends on the value of SBSYMCODELEN. In al cases the arithmeti¢ coder
s will be reset in between changes of SBSYMCODELEN: SBSYMCODELEN never changes during the
ing of a single segment (but may change between segments);
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B.1

Annex B

Huffman Table Decoding Procedure
(Thisannex 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 tableisalist of code table lines, each describing
how tgercodeasmgte vatue, ora vatue fromma Specified range A table may optionaity teabtetocode for =ar

whichlis an out-of-band signal to the decoding procedure using the table.

B.2

Codetable structure

FigurgB.1 shows the interna structure of an encoded Huffman table. It consists of a set of tablg tines, each of

descr
encod
Reco
ranges

"open-ended" ranges. The smallest value that can be encoded in a table described according

365 the encoding for arange of numerical values. There are also, potentially, two special additional table lir
mendation | International Standard is —2147483648 (—231) and the largest value is:2147483647 (231 — 1),

value QOB.

Code table flags

Code table lowest value

Code table highest value

First tableding

Second table line

Dast table line

LCower range table line

Upper range table line

Out-of-band table line

Figure B.1 — Coded structure of a Huffman table

Each thble line specifiesthe length of the prefix that is associated with it and the number of bitsthat follow that pi
encode a value.

A decgder decoding an encoded Huffman table shall decode the table that is produced by the following steps:

1)
2)
3)
4)

5)

86

Diecade the code table flags field as described in B.2.1. This setsthe values HTOOB, HTPS and HTRS.

OQCB,

which
es that
o this
D these

are not really open-ended. There is also, potentialy, an additiona specia tablé line that encodes an out-gf-band

efix to

€code the code table Towest value Tie d as described In B.Z.Z. Lel HTCOVW be the value decoded.
Decode the code table highest value field as described in B.2.3. Let HTHIGH be the val ue decoded.
Set:

CURRANGELOW = HTLOW
NTEMP =

|
o

Decode each table line as follows:
a) Read HTPS hits. Set PREFLEN[NTEMP] to the value decoded.
b) Read HTRSbits. Let RANGELEN[NTEMP] be the value decoded.

ITU-T Rec. T.88 (2000 E)


https://standardsiso.com/api/?name=a8880807077b76b9c1137e2d1e02079f

ISO/IEC 14492 : 2001 (E)

RANGELOW[NTEMP] = CURRANGELOW
CURRANGELOW = CURRANGELOW + 2RANGELEN[NTEMP]

NTEMP = NTEMP + 1

d) If CURRANGELOW = HTHIGH then proceed to step 6).
6) Read HTPSbits. Let LOWPREFLEN be the value read.

7)  Set:
PREFLEN[NTEMP] = HIGHPREFLEN
RANGELEN[NTEMP] = 32
RANGELOW[NTEMPF] = HITHIGH — 1
NTEMP - NTEMP + 1
Thisisthe lower range table line for this table.

8) Rpad HTPS hits. Let HIGHPREFLEN be the value read.
9) Sst:
PREFLEN[NTEMP] = HIGHPREFLEN
RANGELEN[NTEMP] = 32
RANGELOW[NTEMP] = HTHIGH
NTEMP - NTEMP + 1
Thisisthe upper rangetable line for thistable.
10) If{HTOOB is 1, then:
d] Read HTPShits. Let OOBPREFLEN be the value read.
b] Set:

PREFLEN[NTEMP]..£, OOBPREFLEN
NTEMP = NTEMP + 1

Thisisthe out-of-band table line for thistable. Note that there is no range associated with this value.
11) Createthe prefix codes using the algorithm described in B.3.

B.21| Codetableflags

This ope-byte field has the fol lowingbits defined:

Bit 0 HTOORB. If this bitis ¥ the table can code for an out-of-band value.

Bits 143 Number of bits.tised in code table line prefix size fields. The value of HTPS is the value of thisfield plug one.
Bits4{6 Number of bits used in code table linerange size fields. Thevalue of HTRS is the value of thisfield plugone.
Bit 7 Reserved; must be zero.

B.2.2 Code table lowest value

This sigrmecHour=bytefreteHstietower-boomdof thefirst tabretimetrtheencoctectabte:
B.23  Codetable highest value
Thissigned four-byte field is one larger than the upper bound of the last normal table line in the encoded table.

B.3 Assigning the prefix codes

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 vaue 0 indicates that the table line is never used.

1) Build a histogram in the array LENCOUNT counting the number of times each prefix length value occurs in
PREFLEN: LENCOUNT(I] isthe number of times that the value | occursin the array PREFLEN.
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2) Let LENMAX bethelargest value for which LENCOUNT[LENMAX] > 0. Set:

CURLEN = 1
FIRSTCODEI[0] = 0
LENCOUNTI[0] = 0

3) While CURLEN < LENMAX, perform the following operations:
a Set

FIRSTCODE[CURLEN]

After ﬂs algorithm has executed, then table line number | has been assigned‘@a PREFLEN(1]-bit long code, whos|

isstor

line hgs not been assigned any code.

B.4

To dedode a value using a Huffman table, perform the foll owing seps:

1) Read one bit at atime until the bit string read matches the code assigned to one of the table lines. Since n
farmsa prefix of any other code, thisis possiblelDet | be the index of the table line whose code was decoded,

2) Rpad RANGELEN][I] bits. Let HTOFFSET bethe value read.
3) IffHTOOB is1 for thistable, and table line'l isthe out-of-band table line for thistable, then set:

4) Ctherwisg, if tableline | isthelower range table linefor thistable, then set:

HTVAL = RANGELOWI[I] — HTOFFSET
5) Qtherwise, set:

HTVAL = RANGELOWI[I] + HTOFFSET
The v@luecofHTVAL is the value decoded using this table. Note that this may be a numerical value or the
value OOB.

b] While CURTEMP < NTEMP, perform the following operations:

CURCODE = FIRSTCODE[CURLEN]
CURTEMP = 0

(FIRSTCODE[CURLEN — 1] + LENCOUNT[CURLEN - 1]) x 2

i)  If PREFLEN[CURTEMP] = CURLEN, then set:

CODES[CURTEMP] = CURCODE
CURCODE = CURCODE + 1

ii) Set CURTEMP=CURTEMP +1
Set:

CURLEN

CURLEN + 1

in the PREFLENTJI] low-order bits of CODES][I], unless PREFLEN[] was equal to zero, in which case th

Using a Huffman table

HTVAL = OOB

b value
bt table

0 code

Speci al

EXAMPLE — The encoding for Table B.1 might be the sequence of bytes, in hexadecimal:

0x42 0x00 O0x00 Ox00 O0x00 0x00 O0x01
0x01 O0x10 0x49 0x23 0x81 0x80

Decoding this according to the algorithm of B.2 proceeds asfollows:

e Thecodetable flags field, 0x42. Thisfield itself breaks down into the fields, in binary, 0 100 001 0, which decode
to produce the assignments:

88

HTOOB = 0
HTPS = 2
HTRS = 5
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*  Thecodetable lowest value field, and the value of HTLOW, 0x00000000.
*  Thecodetable highest value field, and the value of HTHIGH, 0x00010110 (which, in decimal, is 65808).

» Threetable 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 hitstring is further
broken down into the table lines as follows:

01 00100  Thefirst two (HTPS) bits of thistable line indicate a prefix length of 1, and the last five (HTRS)
bits of thistable line indicate a range length of 4.

10 01000 Thistableline hasa prefix length of 2 and arange length of 8.
11 10000 Thistableline hasaprefix length of 3 and arange length of 16.

op The lower range table line has a prefix length of 0, indicating that thistable lineisnot used:
1 The upper range table line has a prefix length of 3.
0p00000 Seven bits of padding, to fill out thelast byte.

After decoding these table lines, the value of NTEMP is5. The arrays PREFLEN, RANGELEN and RANGELOW are:

PREFLEN 1 2 3 0 3
RANGELEN 4 8 16 32 32
RANGELOW 0 16 272 <1 65808

Applying the algorithm of B.3 to thisyields the array of codes, in binary,

CODES 0 10 @10 X 11

where|the X indicates that the lower range table line hasiiot been assigned a code. Thus, the prefix code O pregedes a
4-hit field encoding a value from 0 to 15; the prefix code*10 precedes an 8-bit field encoding a value from 16 to 2y1, and
so on, ps shown in Table B.1.

B.5 Standard Huffman tables

This sfibclause presents some standard Huffman tables that may be used in the appropriate contexts without havirjg been
previopidy transmitted.

Each Hluffman table is presented’in a form that is similar to the table tranamission described above. The table pafameter
HTOQB is given (HTPS,HTRS, HTLOW and HTHIGH can be derived from the values in the table), followed by alist
of tablp lines, giving thé rarge to which that table line applies, the table line prefix length, table line range length, and the
actual encoding (prefix-and base value) for that table line; these table lines are followed by a lower and upper range table
line, and optionalty (depending on HTOOB) an out-of-band table line. In some cases the lower or upper range table lines
are onjitted from.the tables as shown, indicating that these table lines are not used in the table (and would be assigned a
PREFL.EN vatue of zero).

Iableb.1l —3landard HultTman table A

HTOOB 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...65807 3 16 110 + (VAL — 272) encoded as 16 bits
65808. . . 0 3 32 111 + (VAL — 65808) encoded as 32 bits
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TableB.2 — Standar d Huffman table B

HTOOB
VAL PREFLEN RANGELEN Encoding
0 1 0 0

2 0 10

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.. | 6 32 111110 + (VAL — 75) encoded as 32 bits
0o0B 6 111111

TableB.3 — Standard Huffman table C
HTOPB
VAL PREFLEN RANGELEN Encoding
-2561..-1 8 8 11131110 + (VAL + 256) encoded as 8 bits
0 1 0 0
1 2 0 10
2 3 0 110
3...10 4 3 1110 + (VAL —3) encoded as 3 hits
11..|74 5 6 11110 + (VAL —11) encoded as 6 bits
—oo , .| =257 8 32 11111111 + (—257 — VAL) encoded as 32 bits
75. . 7 32 1111110 + (VAL —75) encoded as 32 hits
o0B 6 111110
TableB.4 — Standard Huffman table D

HTODB
VAL PREFLEN RANGELEN Encoding

1 0 0

2 0 10

3 0 110
4...11 4 3 1110 + (VAL — 4) encoded as 3 hits
12...75 5 6 11110 + (VAL — 12) encoded as 6 bits
76... 0 5 32 11111 + (VAL — 76) encoded as 32 hits
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TableB.5 — Standar d Huffman table E

HTOOB 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 1 4 3 1110+ (VAL —4) encoded as 3 bits

12..175 5 6 11110 + (VAL — 12) encoded as 6 bits

—0 ., .|. —256 7 32 1111111 + (—256 — VAL) encoded as 32 bits

76. .o 6 32 111110 + (VAL — 76) encoded as 32 bits
TableB.6 — Standard Huffman table F

HTOODB 0

VAL PREFLEN RANGELEN Encoding

—2044 . .. -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]..-65 5 6 11101 + (VAL + 128) encoded as 6 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. (. 1023 ) 9 1100 + (VAL —512) encoded as 9 bits

1024 (.. 2047 4 10 1101 + (VAL — 1024) encoded as 10 bits

-0 . .| 2049 6 32 111110 + (—2049 — VAL) encoded as 32 hits

2048].. 6 32 111111 + (VAL — 2048) encoded as 32 bits
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TableB.7 — Standar d Huffman table G

HTOOB 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 4 5 1010 + (VAL + 32) encoded as 5 bits
0...81 4 5 1011 + VAL encoded as 5 bits
32..163 5 5 11100 + (VAL — 32) encoded as 5 hits
64..|127 5 6 11101 + (VAL —64) encoded as 6 bits
128.|. 255 4 7 1100 + (VAL — 128) encoded as 7 bits
256.1.511 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) énedded as 10 bits
—0 . .|.-1025 5 32 11110 + (-1025 -AFAL) encoded as 32 bits
2048].. 5 32 11111 + (VAL 2048) encoded as 32 bits
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
S5..|14 8 1 11111101 + (VAL + 5) encoded as 1 hit
-3 9 0 111111101
-2 7 0 1111100
-1 4 0 1010
0...1 2 1 00 + VAL encoded as 1 hit
5 0 11010
6 0 111010

19 3 4 100 + (VAL —4) encoded as 4 bits
20.. (21 6 1 111011 + (VAL — 20) encoded as 1 bit
22..137 4 4 1011 + (VAL — 22) encoded as 4 bits
38...69 4 5 1100 + (VAL — 38) encoded as 5 hits
70...133 5 6 11011 + (VAL — 70) encoded as 6 bits
134...261 5 7 11100 + (VAL — 134) encoded as 7 bits
262...339 6 7 111100 + (VAL — 262) encoded as 7 bits
390...645 7 8 1111101 + (VAL — 390) encoded as 8 hits
646 . .. 1669 6 10 111101 + (VAL — 646) encoded as 10 bits
—00 -16 9 32 111111110 + (16 — VAL) encoded as 32 bits
1670.. .0 9 32 111111111 + (VAL — 1670) encoded as 32 hits
0o0oB 2 01
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Table B.9 — Standard Huffman table |

HTOOB 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 hits
7...-6 9 1 111111101 + (VAL + 7) encoded as 1 bit
5..|4 7 1 1111100 + (VAL + 5) encoded as 1 bit
3..|-2 4 1 1010 + (VAL + 3) encoded as 1 hit
-1..]0 3 1 010 + (VAL + 1) encoded as 1 bit

.p 3 1 011 + (VAL —1) encoded as 1 bit

iy 5 1 11010 + (VAL — 3) encoded as 1 bit

N 6 1 111010 + (VAL — 5) encoded.as Dbit

. B8 3 5 100 + (VAL - 7) encoded.as'5'bits
39..(42 6 2 111011 + (VAL — 39)(encoded as 2 hits
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 hits
267 .|.522 5 8 11100+ (VAL — 267) encoded as 8 bits
523.|. 778 6 8 14:1100 + (VAL — 523) encoded as 8 bits
779.1.1290 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
0o0oB 2 00
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TableB.10 — Standard Huffman table J

HTOOB

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? hits

2 5 0 11001

3 6 0 110110

4 7 0 1111100

5 8 0 11111101

6...p9 2 6 01 + (VAL - 6) encoded as 6 bits

70..[101 5 5 11010 + (VAL — 70) encoded as’5 bits

102.|.133 6 5 110111 + (VAL — 102) eficoded as 5 bits

134.].197 6 6 111000 + (VAL — 134)-encoded &s 6 bits

198.].325 6 7 111001 + (VAL £198) encoded as 7 bits

326.].581 6 8 111010 + (YAL — 326) encoded as 8 bits

582.|.1093 6 9 111011 +(VAL — 582) encoded as 9 bits

1094 (.. 2117 6 10 113200 + (VAL — 1094) encoded as 10 bits

2118]..4165 7 11 1111101 + (VAL — 2118) encoded as 11 bits

0. [ —22 8 32 11111110 + (—22 — VAL) encoded as 32 hits

4166 (. . 8 32 11111111 + (VAL — 4166) encoded as 32 bits

0o0oB 2 10

T.ableB.11 — Standard Huffman table K

HTOOB

VAL PREFLEN RANGELEN Encoding

1 1 0 0

2...B 2 1 10 + (VAL —2) encoded as 1 bit

4 4 0 1100

5...p 4 1 1101 + (VAL —5) encoded as 1 bit

7...8 5 3 31100+ At—7Ar-eneoded-es-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...20 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...76 7 5 1111101 + (VAL —45) encoded as 5 bits

77...140 7 6 1111110 + (VAL — 77) encoded a&s 6 bits

141. .. 00 7 32 1111111 + (VAL — 141) encoded as 32 bits
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TableB.12 — Standard Huffman table L

HTOOB
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... [§] 1 111100 + (VAL —8) encoded as 1 bit
10 7 0 1111010
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..|72 8 5 11111110 + (VAL — 41) encoded as 5 bits
73 .. 8 32 11111111 + (VAL — 73)(encoded as 32 bits
TableB.13 - Standard Huffman table M
HTOPB
VAL PREFLEN RANGELEN Encoding
1 1 0 0
2 0 100
3 4 0 1100
4 5 0 11100
5...p 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..|76 6 5 111110 + (VAL —45) encoded as 5 bits
77..1140 7 6 1111110 + (VAL — 77) encoded &s 6 bits
141 .|. 7 32 1111111 + (VAL —141) encoded as 32 hits
TahleB 14 — Standard Huffman table N

HTOOB
VAL PREFLEN RANGELEN Encoding
-2 3 0 100
-1 3 0 101
0 1 0 0
1 3 0 110

3 0 111
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TableB.15 - Standard Huffman table O

HTOOB 0

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 hit

-2 4 0 1100

-1 3 0 100

0 1 0 0

1 3 0 101

2 4 0 1101

3.8 5 1 11101 + (VAL —3) encoded as 1 hit
5...8 6 2 111101 + (VAL -5) encoded as 2'hits
9...p4 7 4 1111101 + (VAL —9) encoded-as 4 bits
.| -25 7 3?2 1111110 + (—25 — VAL)-ehcoded as 32 bits
25. .| 7 32 1111111 + (VAL —25)yencoded as 32 hits
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Annex C

Gray-scale | mage Decoding Procedure
(Thisannex 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 asindexes into adictionary of patterns.

C.2 Input parameters

The parametersto this decoding procedure are shown in Table C.1.

Table C.1 - Parametersfor the gray-scaleimage decoding procedure

Name Type (tSJiifS) Signed? Description and redtrictions
GSMMR Integer 1 N Specifies whether MMR i's uSed.
GSUBESKIP Integer 1 N Specifies whether skipping-ef gray-scale values may occur
GSBpP Integer 6 N The number of bits per-gray-scale value.
GSW Integer 32 N The width of the gray-scale image.
GSH Integer 32 N The height of the gray-scale image.
GSTEMPLATE Integer 2 N The temiplate used to code the gray-scale bitplanes.?)
. A,mask indicating which values should be skipped. GSW pixels
GSKIP Bitmap wide, GSH pixels high.d
3 Unusedif GSUSESKIP =0.
®  Unusedif GSMMR = 1.
C.3 Return value
The variable whose value is the result of-this decoding procedureis shown in Table C.2.
Table C,2—Return value from the gray-scale image decoding procedure
Size " - .
Name Type (bits) Signed? Description and regtrictions
GSVALS Array Eigi decoded gray-scale image. The array isGSW wide, GEH

C4a Yariables used in decoding

The variables 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 (%if; Signed? Description and regtrictions
Bitplanes of the gray-scale image. There are GSBPP
GSPLANES Array of bitmaps bitplanesin GSPLANES. Each bitplaneis GSW pixelswide,
GSH pixelshigh.
J Integer 32 Y Bitplane counter.
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C5 Decoding the gray-scale image

The gray-scale image is obtained by decoding GSBPP bitplanes. These hitplanes are denoted (from least significant to
most significant) GSPLANES[0], GSPLANES[1], . . . , GSPLANES GSBPP — 1]. The hitplanes are Gray-coded, so that
each bitplan€’ strue valueis equal toits coded value XORed with the next-more-significant bitplane.

The gray-scaleimage is obtained by the following procedure

1) Decode GSPLANESGSBPP — 1] using the generic region decoding procedure. The parameters to the generic
region decoding procedure are as shown in Table C.4.

Table C.4 — Parameter s used to decode a bitplane of the gray-scale image

Name Value
MMR GSMMR
GBW GSwW
GBH GSH
GBTEMPLATE GSTEMPLATE
TPGDON 0
USESKIP GSUSESKIP
SKIP GXIP
GBATX; 3if GSTEMPLATE < 1; 2if GSTEMPLATE = 2.
GBATY; -1
GBATX, -3
GBATY, -1
GBATX3 2
GBATY; -2
GBATX, -2
GBATY, =2

2) SHJI=GSBPP-2
3) WhileJ =0, perform the following steps:

a] Decode GSPLANES[J], using the generic region decoding procedure. The parameters to the generic|region
decoding proceduré-are as shown in Table C.4.

(=)}

For each pixel y) in GSPLANES][J], set:

GSPLANES[J|[x, y] = GSPLANES[J + 1][x, y] XOR GSPLANES[J|[X, V]

c) cSetJ=J-1

4) For each (X, ), set:
GSBPP-1

GSVALS[x,y] = > GSPLANES[J][x,y] x 2
J=0
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Annex D

File Formats
(Thisannex forms an integral part of this Recommendation | International Standard)

There are two standalone file organisations possible for a JBIG2 bitstream. There is aso a third organisation, not
intended for standalone usage, but instead to allow JBIG2-encoded data to be embedded in ancther file format.

NOTE - It is recommended that ". j bi g2" is used as the extension for JBIG2 files. In environments where only three characters

are

alowed, ". j b2" isrecommended. It is also recommended that JBIG2 decoders recognise both extensions.
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Sequential organisation

5 a sandalone file organisation. This organisation is intended for streaming applications, wherefthe’ dec
teed to begin at the start of the bitstream and decode everything up to the end of the bitstream.

organisation, the file structure looks like Figure D.1. A file header is followed by a sequence of segmen
rts of each segment are sored together: first the segment header then the segment data.

gments must appear in increasing order of their segment numbers: no segment may precede a segment h
number than it.

File header
Segment 1 segment header
Segment 1 data
Segment 2 segment header.
Segment 2 data

Segment N segment header
Segment,N data

Figure D.1 -Sequential organisation

Random-access organisation

a standalone file organisation. This.organisation is intended for random-access applications, where the d
Wwant to process parts of the fil&in an arbitrary order, such as decoding al the odd-numbered pages befc
umbered page, or decode pagesindividually in response to some user input. The ability to perform random
Hfore important.

organisation, the filestricture looks like Figure D.2. A file header is followed by a sequence of segmentsh

hment must bean‘end of file segment; otherwise, it isimpossible for the decoder to determine when it hasr
pment header,

gmentsmust appear in increasing order of their segment numbers: no segment may precede a segment h
numbex; than it.

Dder is

Is. The
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re any
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paders;

segment header isfollowed by the data for the first ssgment, then the data for the second segment, and so ¢n. The

bad the
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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 or ganisation
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D.3 Embedded organisation

Thisisnot a standalone file organisation, but relies on some other file format to carry the JBIG2 segments. Each segment
is stored by concatenating its segment header and segment data parts, but there is no defined storage order for these
segments. The embedding file format is alowed to store those segmentsin any order, and may separate them by arbitrary
data.

Applications may wish to precede and follow JBIG2 data with a unique two-byte combination (marker) so that the
JBIG2 data can be detected within other data streams. It is suggested to use OxXFF OxAA for the starting marker and
OxFF OxAB for the ending marker. These markers are not considered to be part of the JBIG2 data. It should be noted
that the first byte of a segment header is unlikely to take on the value Ox FF. Note that the two-byte sequences OxFF
0xAA and Ox FF Ox AB may occur by chance within JBIG2 segments.

L bi-level
G| i€ entity,
as this can confllct with other constraints. For example, the system might have its own ideas of how pages must be divilded up,
which might not agree with JBIG2's ideas. Thus, JBIG2 is flexible in alowing the embedding system to store\JBIG2|data in
whgtever way is most convenient.

D4 File header syntax

A file header containsthefollowing fields, in order:
ID string—see D .4.1.

File h¢ader flags—see D.4.2.

Numbgr of pages—see D.4.3.

D.4.1| IDstring

Thisigan 8-byte sequence containing 0x97 0x4A 0x42 0x320%0D 0x0A 0x1A Ox0A.

NQTE - Thisis smilar to the PNG ID string. The first character is non-printable, so that the file cannot be mistaken for|ASCII.
The first character’s high bit is set, to detect passing throughia 7-bit channel. The next three bytes are JB2, and are intgnded to
allgw a human looking at the header to guess the file type~The following bytesare CR LF CONTRCL- Z LF; any corruption by
CRILF translation and DOS file truncation can be detected immediately.

D.4.2| Fileheader flags
Thisiga1-bytefield. The bitsthat are defined are:

Bit 0 File organisation type. Ifthisbit is O, the file uses the random-access organisation. If this bit is 1, the fille uses
the sequentia organi satjor.

NOTE - Note that'there is no way to indicate the embedded organisation, as that organisation does not include § JBIG2
file header.

Bit 1 Unknown.ndmber of pages. If this bit is 0, then the number of pages contained in the file is known. If this bit
is 1, thenthe number of pages contained in the file was not known at the time that the file header was cogled.

Bits2{7 Reserved; must be 0.

D.4.3 L—Number-efpages

Thisisa4-byte field, and isnot present if the "unknown number of pages' bit was 1. If present, it must equal the number
of pages contained in thefile.
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Annex E

Arithmetic Coding
(Thisannex 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.

Inthis annex and aII of its subclauses theflow charts and tables are normatlve onIy in the sense that they are def|n|ng an
OUtpUt LIIG.L G.II.GIIGLIVCIIIIPICIIIGII.G.LI\JIIDJIGII UUPIIWI.C III I I L adIIIPIC I.CJ. CI\GIII’JICID yIVCII VVIIIbII dIUuIU LICII pr' |n

determining if a given implementation is correct.

E.l Binary encoding

Figurg E.1 shows a simple block diagram of the binary adaptive arithmetic encoder. The decision (D) and contejt (CX)
pairs gre processed together to produce compressed data (CD) output. Both D and CX are provided by the model unit
(not shown). CX selects the probability estimate to use during the coding of D. In this Recommendation | Interrjational
Standgrd, CX isalabel for a context, formed by some character string followed by a string-0fbits.

EXAMPLE — Two possible values of CX are"|ADW001010100" and *GB1110110020000000".

ENCODER t~——» CD
CX ————>

T0828910-99/d19

Figure E.1 — Arithmeticiencoder inputs and outputs

E.11 Recur sive interval subdivision

The recursive probability interval subdivision ofElias coding is the basis for the binary arithmetic coding process. With
each bjnary decision the current probability interval is subdivided into two sub-intervals, and the code string is mpdified
(if necessary) so that it points to the base\(the lower bound) of the probability sub-interval assigned to the symbol| which
occurred.

In the partitioning of the currentiinterval into two sub-intervals, the sub-interval for the more probable symbol (MPS) is
orderefl above the sub-intervaly for the less probable symbol (LPS). Therefore, when the MPS is coded, the LRS sub-
intervgl is added to the cade'string. This coding convention requires that symbols be recognised as either MPS gr 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 ordér to code that.decision.

Since the code string aways points to the base of the current interval, the decoding process is a matter of determining,
for eath decision, which sub-interval is pointed to by the code string. This is also done recursively, using the same
|nterv supdivision process as in the encoder. Each tlme a decision is decoded the decoder subtracts any interval the

] ative to
the base of the current |nterval Snce the coding process involves add|t| on of binary fractions rather than concatenation
of integer code words, the more probable binary decisions can often be coded at a cost of much less than one bit 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
valuesin which 0x8000 is equivalent to decimal 0.75. Theinterval A iskept in therange 0.75 < A < 1.5 by doubling it
whenever theinteger 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 datais
removed from the high order bits of the C-register and placed in an external compressed data buffer. Carry-over into the
external buffer isresolved by a bit-stuffing procedure.
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Keeping A in therange 0.75 < A < 1.5 dlows 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:

sub-interval for the MPS
sub-interval for the LPS

- (Qe x A)
Qe x A

Because the value of A isof 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 reg|ster and the interval is reduced to A Qe

With t

ired for A isthen restored if neceseary, by renormallsanon of both A and C.

he process illustrated above, the approximations in the interval subdivision process can sometimes imake t

sub-inferval larger than the MPS sub-interval. If, for example, the value of Qeis 0.5 and A is at the minimum 3

value
invers
MPS/L

pf 0.75, the approximate scaling gives 1/3 of the interval to the MPS and 2/3 to the LPS. To avoid tk
on, the MPS and LPS intervals are exchanged whenever the LPS interval is larger than the MPS interva
PS conditional exchange can only occur when arenormalisation is needed.

range

e LPS
llowed
is size
. This

Whengver a renormalisation occurs, a probability estimation process is invoked which determines a new prolyability

estimg
probak;
which

E.2

The E
passed
estimg
longer
C-regi
and g€

e for the context currently being coded. No explicit symbol counts are needed for the estimation. The |
ilities of renormalisation after coding an LPS and MPS provide an approximate symbol counting mec
is used to directly estimate the probabilities.

Description of the arithmetic encoder

NCODER (FigureE.2) initialises the encoder through the INFTENC procedure. CX and D pairs are re
on to ENCODE until all pairs have been read. The probability estimation procedures which provide &
es of the probability for each context are embedded in'ENCODE. Bytes of compressed data are output W
modifiable. When all of the CX and D pairs have been read (Finished?), FLUSH sets the contents
Ster to as many 1-bits as possible and then outputsithe final bytes. FLUSH also terminates the encoding ope
herates the required terminating marker.

ENCODER

H INITENC H

v
‘ Read CX, D ‘

v

H ENCODE H

y

eative
hanism

ad and
Haptive
hen no
of the
rations

No

102

el '
L LRLEST B LS

Done
T0828920-99/d20

Figure E.2 —Encoder for the M Q-coder
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E.21  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 XXXXXXXX XXXXXXXX
A-register 00000000 00000000 aaaaaaaa aaaaaaaa

The "a" bits are the fractional bitsin the A-register (the current interval value) and the "x" bits are the fractional

bitsin

the code register. The"s" bits are spacer bits which provide useful constraints on carry-over, and the "b" bitsindicate the

blt p .tiUI IDI‘I UITI VVhibh thC WIII}J:G‘LU‘:{I by'tca Uf thc daiaou CIUIIUVU‘:{I fl UITI thc C'I WIQU . Thc"\," blt ;Dabcll 1 y blt
The detailed description of bit stuffing and the handling of carry-over will be given in alater part of thisannex.

E.22 | Encoding adecision (ENCODE)

The ENCODE procedure determines whether the decision D is a 0 or not. Then a CODEO or 8\CODEL proce
called |[appropriately. Often embodiments will not have an ENCODE procedure, but will call the CODEO or d
procedures directly to code a 0-decision or a 1-decision.

E.23| Encodingalor 0 (CODE1and CODEOQ)

When p given binary decision is coded, one of two possibilities occurs: the symbokjs'either the more probable syn
it is the less probable symbol. CODEL and CODEQ are illustrated in Figures B4 and E.5. In these figures, CX
context. For each context, the index of the probability estimate which istoeused in the coding operations and th
value gre stored. MPS(CX) isthe sense (0 or 1) of the MPS for context CX.

ENCODE

v v
“ CODE1 “ “ CODEO ‘

T0828930-99/d21

Figure E.3—ENCODE procedure

dure is
'ODE1

bol, or
is the
e MPS

( CODE1 )

No Yes

v
“ CODELPS

h 4
CODEMPS H

T0828950-99/d22

v
( Done )
Figure E.4 — CODEL1 procedure
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CODEO

No Yes

v v
H CODELPS H H CODEMPS H

¢ T0828950-99/d23

( Done )

Figure E.5 - CODEO procedure

E.24 | Encodingan MPSor LPS(CODEMPS and CODELPS)

The CODELPS (Figure E.6) procedure usually consists of a scaling of theinterval to Qe(I(CX)), the probability estimate
of the L PS determined from the index | stored for context CX. The upper interval isfirst calculated so it can be compared
to the lower interval to confirm that Qe has the smaller size. It is aways followed by a renermalisation (RENORME). In
the evént that the interval sizes are inverted, however, the conditional MPS/LPS exchange occurs and the upper interval
is codgd. In either case, the probability estimate is updated. If the SWITCH flagifer the index 1(CX) is set, then the
MPS(CX) is inverted. A new index | is saved at CX as determined from the*next LPS index (NLPS) colymn in

Table E.1.
( CODELPS )
v

‘ A= A - Qe(I(GX)) ‘

y

A'< Qe(I(CX))?

‘ A= Qe'(I(CX)) ‘ ‘ c=cC+ Cge(l(CX)) ‘

A 4 No

MPS(CX) = 1 — MPS(CX) }—»

‘ I(CX):NL'PS(I(CX)) ‘

v

RENORME
v

( Done )
T0828960-99/d24

Figure E.6 — CODEL PS procedurewith conditional M PS/L PS 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 sizeinversion cannot occur unless arenormalisation (RENORME) is required
after the coding of the symbol. The probability estimate update changes the index 1(CX) according to the next MPS
index (NMPS) columnin Table E.1.
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( CODEMPS

‘ A=A-Qe(I(CX)) ‘

y

A AND 0x8000 = 0?

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

A < Qe(I(CX))?

‘ I(CX) = NMPS(I(CX)) ‘

!

H RENORME H

>
»

A 4

< Done > T0828970-99/d25

Figure E.7—CODEMPS procedurewith conditiona )M PS/L PS exchange

E.25 | Probability estimation

Table E.1 shows the Qe value associated with each Qe index. The Qe values are expressed as hexadecimal integers, as

binary|integers, and as decimal fractions. To convert the 15-bit integer representation of Qe to the decimal prob
the Qgvalues are divided by (4/3) x (0x8000).

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

bbility,

type of

renornpalisation (i.e. new table positions) — as shown in Table E.1. The change in state occurs only when the arifhmetic
coder |nterval regiger is renormalisedsThis is dways done after coding the LPS, and whenever the interval redister is

less then 0x8000 (0.75 in decimal_notation) after coding the MPS.

After an LPS renormalisation, NLPS gives the new index for the LPS probability estimate; also, if Switch is 1, the MPS
symbd senseisreversed. After’an MPS renormalisation, NMPS gives the new index for the LPS probability estimgte.

The index to the currént éstimate is part of the information stored for context CX. Thisindex is used as the index to the

table gf values in.NMPS, which gives the next index for an MPS renormaisation. This index as saved in the
storagg at CX. MPS(CX) does not change.

The procedure for estimating the probability on the LPS renormalisation path is similar to that of arn
renornpalisation, except that when Switch(I(CX)) is 1, the sense of MPS(CX) isinverted.

Thefinal index state 46 can be used to establish afixed 0.5 probability estimate.

E.26  Renormalisation in the encoder (RENORME)

context

MPS

Renormalisation is very similar in both encoder and decoder, except that in the encoder it generates compressed bits and

in the decoder it consumes compressed hits.

The RENORME procedure for the encoder renormalisation is illugtrated 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 BY TEOUT. Renormal
continues until A isnolonger less than 0x8000.
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Table E.1 — Qe values and probability estimation process

Qe Vaue
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 0x0AC1 0000101011000001 0.063012 4 12 0
4 0x0521 0000010100100001 0.030053 5 29 0
5 0x0221 0000001000100001 0.012474 38 33 0
6 UX5601 UI0T0ITO0000000T U.503937 7 6

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 15 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 0.304715 20 18 (
20 0x3001 0011000000000001 0.281277 21 19 (
21 0x2801 0010100000000001 0.284401 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 000110000000000% 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 0x0AC1 0000101011000001 0.063012 31 28 (
31 0x09C1 0000100111000001 0.057153 32 29 (
32 0x08A1 0000100010100001 0.050561 33 30 (
33 0x0521 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 (
40 0x0049 0000000001001001 0.001671 41 38 (
41 0x0025 0000000000100101 0.000847 42 39 (
42 0x0015 0000000000010101 0.000481 43 40 (
43 0x0009 0000000000001001 0.000206 44 41

44 0x0005 0000000000000101 0.000114 45 42 0
45 0x0001 0000000000000001 0.000023 45 43 0
46 0x5601 0101011000000001 0.503937 46 46 0

E.27  Compressed data output (BYTEOUT)

The BYTEOUT routine called from RENORME is illustrated in Figure E.9. This routine contains the hit-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 Ox FF byte; the similar procedure on the left

is for the case where hit stuffing is not needed.
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B isthe byte pointed to by the compressed data buffer pointer BP. If B isnot a Ox FF byte, the carry bit is checked. If the
carry bit is s&t, 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" hits.
( RENORME )

No

h 4

Yes

A AND 0x8000 = 0?

No

Done
T0828980-99/d26

Figure E.8 — Encoder renormaéalisation procedure

E.2.8 | Initialisation of the encoder (INITENC)
The INITENC procedure is used to start the arithmetic coder. The basic steps are shown in Figure E.10.

Theinterval register and code register are set-to their initia values, and the bit counter is set. Setting CT = 12 reflgcts the
fact thet there are three spacer bits in the register which need to be filled before the field from which the bytes are
removed is reached. Note that BP always points to the byte preceding the position BPST where the fird byte is placed.
Therefpre, if the preceding byte is@ Ox FF byte, a spurious bit stuff will occur, but can be compensated for by incfeasing
CT. Npte that the default initialiSation of the statisticsbinsisMPS =0and | =0 (i.e. Qe = 0x5601 or decimal 0.508937).

E.29 | Termination of-encoding (FLUSH)

The FLUSH procedureshown in Figure E.11 is used to terminate the encoding operations and generate the réquired
termingting marker.X The procedure guarantees that the OXFF prefix to the marker code overlaps the final bitq of the
compressed data.vThis guarantees that any marker code at the end of the compressed data will be recognized and
interprieted before decoding is complete.

The filst part of the FI USH nmmdllrp sets as many hitsin the C- rmlctpr to1as nnqq hle as shown in le retE 12. The
exclusive upper bound for the C- register isthe sum of the C- register and the interval regiser. Thelow order 16 bitsof C
areforced to 1, and theresult is compared to the upper bound. If Cistoo big, the leading 1-bit isremoved, reducing C to
avalue which iswithin the interval.

The byte in the C-register is then completed by shifting C, and two bytes are then removed. If the second byte is not
Ox FF, another byteis added to the compressed data which is guaranteed to be Ox FF.

E.210 Minimisation 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 OxFF, Ox 7F bytes. These byte pairs can be trimmed
from the compressed data, provided that the earliest OxXFF byte in the sequence is not removed. This remaining
0x FF byte then becomes the prefix to the marker code which terminates the compressed data.
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Decoding is not affected by this trimming process because the convention is used in the decoder that when amarker code
is encountered, 1-bits (without bit stuffing) are supplied to the decoder until the coding interval is complete.

BYTEOUT

Yes

Yes
C < 0x80000007
B=B+1
No
Yes
C = C AND Ox7FFFFFF }—»

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

C = C AND Ox7FFFF C = C AND OxXFFFFF
CT=8 ' CT=7

Done T0828990-99/d27

Figure EC9~BYTEOUT procedurefor encoder

INITENC

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

No
B = OXFF?
VYeS

CT=13 ‘

>
A
Done T0829000-99/d28

Figure E.10 —Initialisation of the encoder
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E.3 Arithmetic decoding procedure

Figure E.13 shows a simple block diagram of a binary adaptive arithmetic decoder. The compressed data CD and a
context CX from the decoder’s model unit (not shown) are input to the arithmetic decoder. The decoder’s output is the
decision D. The encoder and decoder model units need to supply exactly the same context CX for each given decision.

The DECODER (Figure E.14) initialises the decoder through INITDEC. Contexts, CX, and bytes of compressed data (as
needed) are read and passed on to DECODE until all contexts have been read. The DECODE routine decodes the binary
decision D and returns a value of either 0 or 1. The probability estimation procedures which provide adaptive estimates
of the probability for each context are embedded in DECODE. When all contexts have been read (Finished?), the
compressed data has been decompressed.

FLUSH

H SETBITS H

v

‘ C=C<<CT ‘

v

H BYTEOUT H

v

‘ C=C<<CT ‘

v

H BYTEOUT H

Yes

No

BP=BP +1
B = OXFF

<

A

Optionally remove trailing
0x7FFF pairs following
the leading OXFF

!

BP=BP +1
B = OXAC
BP=BP +1

y

( Done )
T0829010-99/d29

FigureE.11 - FLUSH procedure
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( SETBITS >

!

TEMPC

C = C OR OxFFFF

=C+A

No

Yes

‘ cC=C-

0x8000 ‘

q
»

( Done )
T0829020-99/d30

Figure E.12 — Setting thefinal

bitsin the C register

CD——»

CX————>

DECODER I D

T0829030-99/d31

Figure E.13 — Arithmeticdecoder inputsand outputs

( DECODER )

y

H INITDEC

»|
»

A 4

‘ Read CX

v

H D = DECODE H

y

No

Finished?

Yes

( Done )

T0829040-99/d32

Figure E.14 — Decoder for the MQ-coder
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E.31  Decoder coderegister conventions

The flow charts given in this annex assume the following register structures for the decoder:

15 0
Chighregister ~ XXXXXXXX XXXXXXXX
Clow register ~ bbbbbbbb 00000000
A-register aaaaaaaa aaaaaaaa

Chigh and Clow can be thought of as one 32-bit C-register in that renormalisation of C shifts a bit of new data from bit
low to hit 0 of Chigh. However, the decoding comparisons use Chigh alone. New datais inserted into the '[b" bits
one byte at atime.

Note that the comparisons shown in the various procedures in this subclause assume precisions|greater than [L6 bits.

the cofle string that the encoder added. The amount Ieft in the code string is the‘effset from the base of the purrent
intervgl to the sub-interval allocated to al binary decisions not yet decoded. In the first test in the DECODE pr ure

switchps the MPS sense if the SWITCH column hasa™1" and updates the index |(CX) from the next LPS index

colump in TableE.1. Note that the probability estimation in the decoder needs to be identica to the prolability
estimgion in the encoder.
For the¢ LPS path of the decoder the conditienal exchange procedure is given the LPS_ EXCHANGE procedure shown in

FigurgE.17. The same logicad compaiison between the MPS sub-interval A and the LPS sub-interval Qefl(CX))
deternjinesif a conditional exchangeeccurred. On both paths the new sub-interval A is set to Qe(I(CX)). On the l¢ft path
the comditional exchange occurred.so the decision and update are for the MPS case. On the right path, the LPS decision
and ugdate are followed.

E.3.3| Renormalisationin the decoder (RENORM D)

The RENORMD precedure for the decoder renormalisation is illugtrated in Figure E.18. A counter keeps track| of the
number of compressed bits in the Clow section of the C-register. When CT is zero, a new byte is inserted into Glow in
the BY| TEIN.procedure.

Both theinterval register A and the code register C are shifted, one bit at atime, until A isno longer less than 0x8000.

E.34  Compressed datainput (BYTEIN)

The BYTEIN procedure called from RENORMD isillugrated in Figure E.19. This procedure reads in one byte of data,
compensating for any stuff bits following the OxFF byte in the process. It also detects the marker codes which must
occur at the end of a scan or resynchronisation interval. The C-register in this procedure is the concatenation of the Chigh
and Clow registers.

B is the byte pointed to by the compressed data buffer pointer BP. If B is not a OxFF byte, BP is incremented and the
new value of B isinserted into the high order 8 hits of Clow.

If B is a OxFF byte, then B1 (the byte pointed to by BP+1) is tested. If B1 exceeds Ox8F, then B1 must be one of the
marker codes. The marker code is interpreted as required, and the buffer pointer remains pointed to the Ox FF prefix of
the marker code which terminates the arithmetically compressed data. 1-hits are then fed to the decoder until the
decoding is complete. Thisis shown by adding 0x FFOO to the C-register and setting the bit counter CT to 8.
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If B1is not amarker code, then BP isincremented 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.

( DECODE )
v

‘ A=A-Qe(I(CX)) ‘

y

i NO ~Chigh < Qe(i(Cx)?
| |

i loiea Oarlh AN
| cgT=—crmgn ETTTX)T |

No
A AND 0x8000 =07
Yes
¢ v v
H D = MPS_EXCHANGE H ‘ D = MPS(CX) ‘ H D = LPS_EXCHANGE H
H RENORMD H H RENORMD H
' 10829050-99/d33

( Return D )

Figure E.15 - Decoding.an MPS or an LPS

(\MPS_EXCHANGE )

A< Qe(I(CX))?

Yes

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

Yes
SWITCH(I(CX)) = 1?

A 4

MPSEX—T=MPS(E >
| (“A) (“A) |

A 4
‘ I(CX) = NLPS(I(CX))

| T0829060-99/d34

y

( Return D )

Figure E.16 — Decoder MPS path conditional exchange procedure
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LPS_EXCHANGE )

Yes
A < Qe(I(CX))?

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

Yes SWATOLIA OV
WSS

A

=17

No

‘ MPS(CX) = 1 — MPS(CX) }—»

y

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

( Return D )

T0829070-99/d35

Figure E.17 — Decoder L PS path conditional.exchange procedure

( RENORMD >

<

Y

No
CT=0?

Yes

H BYTEIN

»

A=A<<1
C=C«<x<1

CT=CT-1

N

A AND 0x8000 = 0?

( Done

Yes

> T0829080-99/d36

Figure E.18 — Decoder renormalisation procedure
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BYTEIN )

Yes
B1 > Ox8F?

y

BP=BP +1 . BP=BP +1
C=C+(B<<9) €= ¢+ OxFRO0 C=C+(B<<8)
CT=7 - CT=8

A T0829090-99/d37
Done )

FigureE.19—BYTEIN procedurefor decoder

E.35 | Initialisation of the decoder (INITDEC)

The INITDEC procedure is used to start the arithmetic decoder. The basic steps are shown in Figure E.20.

( INITDEC )

v
BR =BPST
€=B<<16
v
H BYTEIN H
v
C=C<<7
CT=CT-7
A =0x8000
v

( Done )
T0829100-99/d38

Figure E.20 — I nitialisation of the decoder
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compressed data is shifted into the low order byte of Chigh, and anew byteisthen read in. The C-register is 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 val ue in the encoder.

E.3.6  Resynchronisation of the decoder

Usually, when the end of the arithmetically compressed data is reached, the compressed data buffer pointer BP points to
the OXFF byte of the terminating marker code. If for any reason the compressed data buffer pointer is not at the
0x FF byte of the marker, aresynchronisation procedure needs to scan the compressed data until it finds the terminating
marker code prefix. If asearch of thistypeis needed, it isindicative of an error condition. This error recovery procedure
isnot standardised.

114 ITU-T Rec. T.88 (2000 E)


https://standardsiso.com/api/?name=a8880807077b76b9c1137e2d1e02079f

ISO/IEC 14492 : 2001 (E)

E.3.7  Resetting arithmetic coding statistics

At certain points during the decoding, some or al of the arithmetic coding statistics are reset. This process involves
setting 1(CX) and MPS(CX) equal to zero for some or al values of CX.

EXAMPLE — At the start of decoding atext 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 1(CX) and MPS(CX). Thisis done as part of decoding
a symbol dictionary segment. In this case, the values that are saved and/or restored are al the values indexed by CX
values whose initial label is"GB" or "GR" (i.e. al those CX values used by the generic region decoding procedure or the
generic refinement region decoding procedure).
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(Thisannex 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 al the capabilities of this entire Recommendation | Internationa Standard,
and isthe profile assumed when noneis explicitly specified.

Profilg identification numbers 0x00000000 through OxOOFFFFFF are reserved forl SO/IEC and I TU-, appligations.
Of thig range, profile identification numbers 0x00000100 through OXO0000FFF are reserved for|TU-T fagsimile

applicgtions. Entities other than ISO/IEC and ITU-T wishing to use an unassigned profile identification number
choosg one in therange 0x01000000 through Ox FFFFFFFF that isnot likely to conflict with any.0ther entity's

should
choice.

It is rqgcommended that the first three bytes of the profile identification number be chosen to mateh the first threg | etters
of the hame of the entity, or be a suitable abbreviation of that name.

TableF.1 - Profile description for profile 0X00000001

Profile identification 0x00000001
Requirements All JBIG2 capahilities
Generic region coding No restri¢tion
Refinement region coding No restriction
Halftone region coding NQ regtriction
Numerica data No restriction

Resources required

High-speed processor

Application examples

General-purpose printing; Format conversion

Table F.2—Profile description for profile 0x00000002

Profileidentification

0x00000002

Requirements

M aximum compression

Generic region coding

Arithmetic only; any template used

Refinement region coding

No restriction

Halftone region coding

No restriction

Numerica data

Arithmetic only

Resources required

High-speed processor

Application examples

Archiving; Wireless WWW
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Table F.3—Profile description for profile 0x00000003

NOTE 1 - Thisprofileis asubset of profile 0x00000002.

Profileidentification

0x00000003

Requirements

M edium 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

Numerica data

Arithmetic only

0 H !
MNESUUTNLCS TTyuimrcu

?V‘: C\JII urt I'qJCC\JI PIHOULCoUl

Application examples

WWW; High-end fax

TableF.4—Profile description for profile 0x00000004

Profileidentification

0x00000004

Requirements Low complexity with progressive |osdess
capability

Generic region coding MMR only

Refinement region coding 10-pixel templateyonly (arithmetic)

Halftone region coding No skip maskused

Numerica data Huffman only

Resources required Mediim-speed processor

Application examples WWW

Table F.5—Profile description for profile 0x00000005

NOTE2> This profileis 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
Numerica data Huffman only

Resources required

L ow-speed processor

Application examples

Low-end fax; High-speed printing; Embedded
processors
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