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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the
respective organization to deal with particular fields of technical activity. ISO and IEC technical committees
collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, in
liaison with fS6—and—EC;atsotake part imthe—work—n—the—fretd—of-information tcuhllu:uyy, 1SGqand IEC have

established p joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Directives; Parf 3.

The main tgsk of the joint technical committee is to prepare International Standards. Draft Internatipnal Standards
adopted by [he joint technical committee are circulated to national bodies for voting.’RUblication as gn International
Standard refuires approval by at least 75 % of the national bodies casting a vote.

Internationa] Standard ISO/IEC 14492 was prepared by Joint Technical Committee ISO/IEC JTC|1, Information
technology,| 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.

Annexes A, B, C, D, E and F form a normative part of ISO/IEC 14492. Annexes G, H and | are for infpormation only.
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0

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.

Introduction

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 thaI ended in 1993 JBIG produced a f|rsI coding standard formally deegnated ITU-T

intended to behave as Ioseless and progrve (Iossy tdlossless) cod| ng Though it has the capab|l|ty of 0\ coding,

the lossy images produced by JBIG1 have significantly lower qudity than the origina images because-th¢ number of
pixelsin the lossy image cannot exceed one quarter of those in the original image.

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

The design
hnd to allow

for lossy compression at much higher compression ratios than the lossless ratios of the existing standards, wi
visible degfadation of quality. In addition, JBIG2 alows both quality-progressive eoding, with the progre
from lower|to higher (or lossess) quality, and content-progressive coding, successively adding different typ
data (for edample, first text, then halftones). A typical JBIG2 encoder decompesesthe input bi-level image
regions and codes each of the regions separately using a different coding method. Such content-based deco
very desirable especially in interactive multimedia applications. JBIG2 camalso handle a set of images (M
document) in an explicit manner.

h amost no
iSSion going
es of image
into several
mposition is
ultiple page

Asistypicdl with image compression standards, JBIG2 explicitly.defines the requirements of a compliant bifstream, and
thus defines decoder behaviour. JBIG2 does not explicitly define-a standard encoder, but instead is flexible enough to

allow soph|sticated encoder design. In fact, encoder design will be a major differentiator among compéting JBIG2
implementdtions.

Although this Recommendation | International Standard is phrased in terms of actions to be taken by decoders to
interpret a itstream, any decoder that produces the'correct result (as defined by those actions) is compliant, negardiess of
the actions [t actually takes.

AnnexesA| B, C, D, E, and F are normative) and thus form an integral part of this This Recommendation | [[nternational
Standard. Annexes G and H are informatiye, and thus do not form an integral part of this Recommendation | Iinternational
Standard.

01

1ter pretation and,use of the requirements

This section is informative and designed to aid in interpreting the requirements of this Recommendation | [[nternational
Standard. The requirements are written to be as general as possible to allow a large amount of implementatiop flexibility.
Hence the [language. of the requirements is not specific about applications or implementations. In this section a
correspondgnce ‘is)drawn between the general wording of the requirements and the intended use of this Recom-
mendation | Interhational Standard in typical applications.

011 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.
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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 halftone region consigts of a number of patterns placed aong aregular grid. The patterns usually correspond to gray-

scale values. Indeed the COdI ng method of the pattern |nd|ce~3 is de~3|gned asa gray—scale coder Compr on can be

redised by [rq

rendered gr
that edge i
coding of H
coding rath

0.1.2 R

A JBIG2 fi
typical pag

hy-scale val ue) ThIS many—to—one mapping (the pattern in a cell |nt0 a gray—scale value) may-hay
formation present in the original bitmap is lost by halftone coding. For this reason, losseéss or 1
alftones will often be better in image quality (though larger in size) if the halftone-is coded
b than halftone coding.

Elationship between segments and documents

e contains the information needed to decode a bi-level document. A JBIG2 file is composed of
b is coded using several segments. In a smple case, there will be a-page information segmer

dictionary 4
segment. T
dictionary

the text and halftone regions by referencing bitmaps from a dictionary-and specifying where they should
page. The end-of-page segment marks the end of the page.

0.13

Each segment contains a segment header, a data header{and data. The segment header is used to con\
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Esociated with one specific pagé.of the document. A dictionary segment may be associated with
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dentify symbols in & dictionary segment that are present into the image.

bgment may refex -to an earlier region segment. The purpose of such a reference is to combin
the earliergSegment with the current representation of the page.
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A IBIG2 file may be organised in two ways, sequential or random access. In the sequential organisation, each segment's
segment header immediately precedes that segment's data header and data, all in sequentia order. In the random access
organisation, al the segment headers are collected together at the beginning of the file, followed by the data (including
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.
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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 symbol di ctlonary consists of an mdexed set of b|tmaps The b|tmapsm adlctlonary ae typlcaIIy smaII apprOX| mately
the size of . N associated
withit.

0.1.5 Decoding results
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Standard sgecifies other permissible ways of changing a buffer's pixels.
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the symbol

dictionaries.

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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Xii

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

JBIG2 JBIG2 Physical
Concept bitstream entity decoding entity representation
Docume]mt JBIG2 file JBIG2 decoder Output medium’or, device
Page Collection of segments Implicitin control decoding Page buffen
procedure
Region Region segment Region decoding procedure Page'buffer or auxifiary
butfer
Dictionaly Dictionary segment Dictionary decoding procedure List of symbols
Characte Field within asymbol dictionary Symboal dictionary decoding Symbol bitmap
segment procedure
Gray-scd e Field within a haftone dictionary Pattern dictionary,decoding Pattern
value segment procedure
0.2 Ljossy coding
This Recommendation | International Standard does not define how to control lossy coding of bi-level images. Rather it
defines how to perform perfect reconstruction of a bitmap that the encoder has chosen to encode. If the encqder chooses

a bitmap that is different than the original; the entire process becomes one of lossy coding. The different

Lossy symiol coding provides a natural.way of doing lossy coding of text regions. Theideaisto allow smal| differences
between the origina symbol bitmap_and the one indexed in the symbol dictionary. Compression gain is effécted by not
having to dode a large dictionary~and, afterwards, by having a cheap symbol index coding as a consegyence of the
smaller dictionary. It is up tathe’encoder to decide when two bitmaps are essentially the same or essentially different.
Thistechnique was first described in [1].

The hazarq of lossy~symbol coding is to have subgtitution errors, that is, to have the encoder replage a bitmap
correspondijng to anecharacter by a bitmap depicting a different character, so that a human reader misreads the character.
The risk of| sub&titution errors can be reduced by using intricate measures of difference between bitmags and/or by
making sur¢ thatthe critical pixels of theindexed b|tmap arecorrect. One way to control this, deacrlbed in[5], istoindex
the possibl ‘ o oencode the basic
character shape & little cost, then correct pixelsthat the encoder belleves 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 the number of bits required to specify which pattern isused in which location.

For lossy cuf ejcoding with
a smal gr|d size A reconstructed image WI|| Iack fine details and may d|splay blockiness but WIH be clearly
recognizable. The blockiness may be reduced on the decoder side in a postprocess; for instance)yby |using other
reconstructifon patterns than those that appear in the dictionary. Error diffused images may also be caded |pssesdy, or
with contro|led loss as described above, using generic coding.

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

0.24 Cpnsequences of inadequate segmentation

In order to pbtain optimum coding, both in terms of quality and file size, the coprect’form of encoding should be used for
the appropiiate regions of the document pages. This subclause briefly destribes the consequences of efrors in this
segmentatign.

Using lossy symbol coding for a document containing both text and)halftone data will result in poor cpmpression.
Depending pon the encoder, the quality of the halftone data may be good or bad. Using the form of lossy symbol coding
described in [5], the visual quality will probably not suffer.

Using lossy| generic coding (using the preprocesses given, ind/11]) for a document containing both symbol and halftone
data usually resultsin good quality and moderate compression.

Line art angl regions of handwritten text may be cadéed efficiently using generic coding, but depending on the encoder,
these types pf regions can also be very effectively.coded with symbol coding.
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INTERNATIONAL STANDARD

ITU-T RECOMMENDATION

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

1 Scope

This Recommendation | International Standard defines methods for coding bi-level images and ~setg
(documentq consisting of multiple pages). It is particularly suitable for bi-level images consisting of text &
(halftone)

The methofls defined permit lossless (bit-preserving) coding, lossy coding, and progressive eoding. In
coding, theffirst image islossy; subsequent images may be lossy or |ossless.

This Recommendation | International Standard also defines file formats to enclose the eoded bi-level image d

The following Recommendations and International Standards contain pfevisions which, through references
constitute provisions of this Recommendation | International Standard, At the time of publication, the editio)
were valid| All Recommendations and Standards are subject tovevision, and parties to agreements bg
Recommenfiation | International Standard are encouraged to investigate the possibility of applying the
edition of the Recommendations and Standards listed below., Members of IEC and 1SO maintain registers
valid Interrjational Standards. The Telecommunication Standardization Bureau of 1TU maintains a list of t
valid ITU-T Recommendations.

CCITT Recommendation T.6 (1988), Facsimile.coding schemes and coding control functions for Groug
apparatus.

— ISO/IHC 8859-1:1998, Information technology — 8-bit single-byte coded graphic character sets — P
alphaket No. 1.

—  ISO/IHC 10646-1:2000, Information technology — Universal Multiple-Octet Coded Character Set (UC
Architécture and Basic Multilingual Plane.

of images
ind dithered

progressive

pta.

in this text,
ns indicated
sed on this
most recent
of currently
he currently

4 facsimile
art 1: Latin

5) — Part 1.

3 Tlerms and-Definitions

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

31 a1iaptive template pixel(s): Special pixel(s), in atemplate, whose location is not fixed.

32 aggregation: Joining or merging of several individual Symbols nto anew Symbal.

33 bi-level image: Rectangular array of bits.

34 bit: Binary digit, representing thevalue O or 1.

35 bitmap: Bi-level image.

3.6 buffer: Storage area used to hold a bitmap.

37 byte: Eight bits of data.

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

3.9 coordinate system: Numbering system for two-dimensional locations where locations are labelled by two

numbers, the first oneincreasing from | eft to right and the second one increasing from top to bottom.
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3.10 delta S: Difference in 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.

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

3.122 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.

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

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

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

3.128 halftone region decoding procedure: Region decoding procedure that operates by drawing a se{ of patterns

into a bitmgp, placing the patterns according to a halftone grid.

3.12.9

Hluffman table decoding procedur e: Decoding procedure whose output is a Huffman table.

3.12.10 tgxt region decoding procedure: Region decoding procedure that opefates by drawing a seff of symbol

instances into a bitmap.

3.12.11 symboal dictionary decoding procedur e: Decoding procedure whose output isalist of symbals.

3.13

Standard.

3.14
3.14.1
3.14.2
3.15
3.16
3.17
3.18
3.19
3.20
3.21
3.22
3.23
3.24
3.25

decoder : Entity capable of decoding a bitstream in conformance with this Recommendation | International

dictionary: List of bitmaps.

htter n dictionary: List of patterns.

p

symbol dictionary: Lig of symbals.

eXport flag: Bit indicating that a symbol“is on the export list of a symbol dictionary.
efport list: List of the symbolsin-asymbal dictionary that may be used by referring to that symbal (dictionary.
gfay-scale image: Rectangular array of non-negative integer indices.

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

hiftone grid: Rectitinear grid of locations specifying where patterns are to be drawn.

bight class: Set-of symbolsin a symbol dictionary whose heightsare al equal.

b ght(class delta width: Difference in width between two symbolsin a height class.

h
h
height class delta height: Difference in height between two height classes.
h
H

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

the original data

3.26
3.27
3.28
3.29
3.30
3.31

ordinal: Value used as a counter.

out-of-band value: Non-numeric value that may be produced in place of an integer.
patter n: Bitmap produced by a pattern dictionary decoding procedure.

pixel: Element with O or 1 asitsvaluein abitmap.

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

range length: Number of additional code bitsin atableline.
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3.32 reference bitmap: Bitmap used asthereference plane during the refinement region decoding procedure.

3.33 referred-to segment: Other segment required in order to decode the current segment.

3.34 region: Bitmap produced by a region decoding procedure.

3.35 segment: Segment header and its segment data.

3.36 strip: Full-width or full-height portion of the coordinate system of a text region.

3.36.1 empty strip: Strip containing the reference corners of no symbol instances.

3.36.2 non-empty strip: Strip containing the reference corner of at least one symbol instance.

3.37 st

rip size: Extent in pixels of the non-full dimension of a strip.

3.38 symbol: Bitmap produced by a symbol dictionary decoding procedure.

mbol instance: Symbol drawn, possibly with refinement, at a particular location in atext region.

mbol instance refinement delta height: Difference in height between a symbol instance's refer
hap produced by the generic refinement region decoding procedure.

mbol instance refinement delta width: Difference in width between a symbak instance's refer
hap produced by the generic refinement region decoding procedure.

mbol instance refinement delta X: Difference between the X coordinates of thetop left corners

3.39

3.40 Sy
341 Sy
and the bitn
3.42 Sy
and the bitn
3.43 Sy
instance'sr
3.44

instance's réference bitmap and the bitmap produced by the generic refinement region decoding procedure.

345 t

followed by a fixed number of additional code hits.
3.46 typical prediction: Method of signalling that an entire row of a generic region is identica to th

row.

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

4 S

NOTE —
variable

4.1 A
For the pur

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

mbol instance refinement delta Y : Difference between the Y caerdinates of the top left corners

le line: Specification of the encoding of a single valge\or a range of values as a Huffman

ymbols and Abbreviations

Due to 1SO nomenclature requiremients, within the context of clause 4, the term "symbal” is locally ust
name.

bbreviations

poses of this Recemmendation | International Standard, the following abbreviations apply.

bnce bitmap

bnce bitmap

of a symbol

of a symbol

code prefix

e preceding

bd to mean a

AT Adaptive Terplate

EOFB  Hnd-of-Faesimile Block

ID | fentifier

LPS Less Probable Symiot, 7€ fess probabie himary varue

LSB Least Significant Bit

MMR  Modified Modified READ

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

0o0OB Out-of-Band

READ  Reative Element Address Designate

TPGD  Typical prediction for generic direct bitmap coding
TPGR  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

a

ARR

A1, Az Az Ay

Probability interval

A real number

An array

Adaptive template pixelsin the generic region decoding procedure
Current byte of arithmetically-coded data

Byte of arithmetically-coded data following the current byte

A height class callective bitmap in a symbol dictionary decoding procedure

BPST

C

Chigh
Clow
CONTEXT]

CT
CURCODH
CUREXFLAG
CURLEN
CURRANGELOW
CURS
CURT

CX
D
DFS
DT

A dictionary collective bitmap in a pattern dictionary decoding procedure
A pattern bitmap in a pattern dictionary decoding procedure

A symbol bitmap in a symbol dictionary decoding procedure

A bitmap

Pointer to byte B

Initial value of BP

Value of bitstream in code register

High-order 16 bitsof C

Low-order 16 bitsof C

The values of the pixels in a template used in the generic or generic refineme
procedure

Renormalisation shift counter

The Huffman code for the current'table line in a Huffman table

The current export flag

The current table line prefix length in a Huffman table

The lower bound of therange of the current table line in a Huffman table
The current S €oordinate in atext region decoding procedure

The current.symbol instance's T coordinate relative to the current strip's T coordin
region decoding procedure

A label' identifying an arithmetic coding context

Arithmetic coding decision

The difference in S coordinates between the first instances of two strips
The number of empty strips between two non-empty strips

ht decoding

Hte in a text

T i ff

DW

EXFLAGS
EXINDEX
EXRUNLENGTH
FIRSTS
FIRSTCODE
GBATXy
GBATY;
GBATX>
GBATY

H HP= T PN v 4 wakal it H bal _diat:
TS UlnirTcrTrive T1TT Wil T DCtvwoorT  twu QyIIILIUI LIII.IIIarJO L% OyIIIIJUI Urcliruric

procedure

An array of export flags

An index for the array EXFLAGS

The length of arun of identical export flag values

Thefirg S coordinate of the current strip

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

The X location of adaptive template pixel 1 in ageneric region decoding procedure
The 'Y location of adaptive template pixel 1 in a generic region decoding procedure
The X location of adaptive template pixel 2 in a generic region decoding procedure
The 'Y location of adaptive template pixel 2 in a generic region decoding procedure
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GBATX3
GBATY3
GBATX,
GBATY,
GB

GBH
GBREG
GBTEMPLATE

GBW

ISO/IEC 14492 : 2001 (E)

The X location of adaptive template pixel 3in ageneric region decoding procedure
TheY location of adaptive template pixel 3 in ageneric region decoding procedure
The X location of adaptive template pixel 4 in a generic region decoding procedure
TheY location of adaptive template pixel 4 in a generic region decoding procedure

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

The height of a genericregion
The region produced by a generic region decoding procedure

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

Thewidth of ageneric region

Gl
GR

GRATX;
GRATY;
GRATX,
GRATY,
GRAY

GRAYMANK

GRH
GRREFERENCE

GRREFERENCEDX

GRREFERENCEDY

GRREG
GRTEMPLATE

GRW
GS

GSBPP
GSH
GSKIP
GSMMR

An array of gray-scale values

The prefix used for many of the variables associated with a generic refinement.regipn decoding
procedure

The X location of adaptive template pixel 1 in a generic refinement region decoding procedure
TheY location of adaptive template pixel 1 in a generic refinement.region decoding procedure
The X location of adaptive template pixel 2 in a generic refinement region decoding procedure
TheY location of adaptive template pixel 2 in a generic refinement region decoding procedure
The current gray-scale value

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

The height of a generic region being coded with' refinement coding
The reference bitmap in a generic refinement region decoding procedure

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

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

Theregion produced by.a generic refinement region decoding procedure

A parameter indicating the number and arrangement of the pixelsin atemplate used|in decoding
a generic region with refinement coding

The width«f a generic region being coded with refinement coding

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

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

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

Whether MMR is used in a gray-scal e image decoding procedure

GSTEMPLATE

GSUSESKIP
GSVALS
GSwW

HB

HBH

HBPP
HBW
HCHEIGHT

A parameter indicating the number and arrangement of the pixelsin atemplate used in a gray-
scale image decoding procedure

Whether some gray-scal e values should be skipped in a gray-scal e image decoding procedure
A decoded gray-scale image
The width of the gray-scale image in a gray-scal e image decoding procedure

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

The height of a halftoneregion

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

The width of ahalftoneregion

The height of the current height classin a symbol dictionary decoding procedure
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HCDH
HCFIRSTSYM
HCOMBOP
HD

HDEFPIXEL
HDMMR
HDPATS
HDPH

HDPW
HDTEMPLATE

The difference in height between two height classesin a symbal dictionary decoding procedure
Theindex of the first symbol decoded in aheight class
The combination operator used in a halftone region decoding procedure

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

The default for pixelsin ahalftone region

Whether MMR isused in a pattern dictionary decoding procedure

Array of patterns produced by a pattern dictionary decoding procedure

The height of the patternsin a pattern dictionary

The width of the patternsin a pattern dictionary

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

HENABLHSKIP
HGH
HGW
HGX
HGY
H
HIGHPREHRLEN
HMMR
HNUMPATS
HO,
HPATS
HPH
HPW
HRX
HRY
HSKIP
HT
HTEMPLATE

HTHIGH

HTLOW
HTOFFSET
HTOOB

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

The width of the gray-scale imagein a haftone region decoding procedure

The horizontal offset of the grid in ahalftone region decoding procedure

The vertical offset of the grid in ahalftone region decoding procedure

The height of a symbol instance bitmap

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

Whether MMR coding is used in a halftone region deceding procedure

The number of patternsthat may be used in a halftone region decoding procedure
The height of the original bitmap of a symboltinstance containing refinement informgtion
Array of patternsused in ahalftoneregion

The height of each pattern in ahaftoneregion
The width of each pattern in ahalftone region
The horizontal coordinate of ahalftone grid vector
The vertical coordinate of-ahalftone grid vector

A mask indicating gray-scal e val ues to be skipped
The prefix used.for-many of the variables associated with a Huffman table decoding procedure

A parameter- indicating the number and arrangement of the pixels in a templatg used in a
hal ftone region decoding procedure

One/greater than the largest value that is represented by any normal table line inf a Huffman
table

The lowest value that is represented by any normal table linein a Huffman table
Therange offset of atable line when decoding using a Huffman table
Whether a Huffman table can produce the out-of-band value OOB

HTPS
HTREG
HTRS
HTVAL
I

I

IAAI

IADH

IADS

Fhetength-of-the-encoded-prefbfietdHnatablehre traHuHfmantable
Theregion produced by a halftone region decoding procedure

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

The value decoded using a Huffman table rappeller

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

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

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

An arithmetic integer decoding procedure used to decode the S coordinate of the second and
subsequent symbal instancesin astrip
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IADT

IADW

IAEX
IAFS

IAID
IAIT

IARDH
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An arithmetic integer decoding procedure used to decode the T coordinate of the second and
subseguent symbol instances in astrip

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

An arithmetic integer decoding procedure used to decode export flags

An arithmetic integer decoding procedure used to decode the S coordinate of the first symbol
instancein agtrip

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

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

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

IARDW

IARDX

IARDY

IARI
1B,
IBO
ID
IDS
J

K
LENCOUNT
LENMAX
LOGSBSTRIPS
LOWPREAEN
LTP

My
MMR

MPS
NINSTANCES
Ng

NLPS

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

An arithmetic integer decoding procedure used to decode the delta X values of sympol instance
refinements

An arithmetic integer decoding procedure used to decode the delta Yovalues of sympol instance
refinements

An arithmetic integer decoding procedure used to decode the Rybit of symbol instanges
The bitmap of a symbol instance

The original bitmap of a symbol instance containing.refinement information
The symboal ID of a symbol instance

The delta Svalue for a symbol instance in atext region decoding procedure
An array index

The ordinal for areferred-to segment

A histogram of the prefix lengthsin a Huffman table

The largest prefix length inadduffman table

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

The prefix length of\the lower range table linein a Huffman table

Whether the carrent line is coded explicitly in a generic region decoding procedurejor a generic
refinement region decoding procedure

Horizontal index for the current gray-scale value

Whethér MMR coding is used in a generic region decoding procedure
The array, indexed by CX, of the current more probable binary values
A symbol instance counter

Vertica index for the current gray-scale value

Thenext index far an | PS renormalisation

NMPS
NSYMSDECODED
NTEMP

0ooB

P

PREFLEN

Qe

r

R

RANGELEN

The next index for an MPS renormalisation

The number of symbols decoded so far in a symbol dictionary decoding procedure
The number of table linesin a Huffman table

An out-of-band value

The page with which a segment is associated

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

An estimate of the LPS probability

A segment retention flag

The number of segmentsreferred to by some segment

An array of the lengths of the ranges of thetablelinesin a Huffman table

ITU-T Rec. T.88 (2000 E) 7


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

ISO/IEC 14492 : 2001 (E)

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 .

S The S coordinate of a symbol instance

SB The prefix used for many of the variables associated with a symbol (bitmap) regipn decoding
procedure

SBDSOFFEET An offset for the coded delta S valuesin atext region

SBCOMBOQP The combination operator used in atext region decoding procedure

SBDEFPINEL The default for pixelsin atext region

SBH The height of atext region

SBHUFF Whether Huffman coding isused in atext region deceding procedure

SBHUFFD[S The Huffman table used to decode the S coordinate of subsequent symbol instances ijn a strip

SBHUFFD|T The Huffman table used to decode the differénce in T coordinates between non-emply strips

SBHUFFFBE The Huffman table used to decode theiS.coordinate of the first symbol ingance in a trip

SBHUFFRPH The Huffman table used to decodethe difference between a symbol's height and the height of a
refinement coded symbol instancebitmap

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

SBHUFFRPX The Huffman table'used to decode the difference between a symbol instance's X cogrdinate and
the X coordinateef-a refinement coded bitmap

SBHUFFRDY The Huffman table used to decode the difference between a symbol instance's Y cogrdinate and
the Y coerdinate of arefinement coded symbol instance bitmap

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

SBNUMINSTANCES Thenumber of symbol instancesin atext region

SBNUMSYM S The number of symbols that may be used in atext region

SBRATX The X location of the adaptive template pixel RA1 in atext region decoding procedufe

SBRATY, TheY location of the adaptive template pixel RA1 in atext region decoding procedufe

SBRATX> 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

SDATX;
SDATY;
SDATX,
SDATY
SDATX3
SDATY;
SDATX4
SDATY,
SDEXSYMS
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The prefix used for many of the variables associated with a symbol dictionary region decoding

procedure

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

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

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

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

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

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

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

TheY location of the adaptive template pixel A4 inasymbal dictionary decoding procedure

The symbols exported from a symbol dictionary

SDHUFF
SDHUFFAGGINST

SDHUFFDH

SDHUFFDW

SDHUFFBM SIZE

SDINSYMB
SDNEWSY|MS

Whether Huffman coding is used in a symbol dictionary decoding procedure

The Huffman table used to decode the number of symbol instances in anaggrégation in a

symbol dictionary decoding procedure

The Huffman table used to decode the difference in height betweendwo height
symbol dictionary decoding procedure

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

The Huffman table used to decode the size of a height-Class collective bitmap i
dictionary decoding procedure

An array of symbols used as a parameter to a symbol dictionary decoding procedure
The symbols decoded in a symbol dictionary.

SDNEWSY|MWIDTHS The widths of the symbols decoded in a symbal dictionary

SDNUMEXSYMS
SDNUMINSYMS

SDNUMNEWSYMS
SDREFAGG
SDRATX;
SDRATY;
SDRATX
SDRATY
SDRTEMRLATE
SDTEMPLATE

SKIP

The number of symbols exported from a symbol dictionary

The number of symbolsin the array that is used as a parameter to a symbol dictions
procedure

The number of symbols generated in a symbol dictionary

Whether refinement and-aggregate coding are used in a symbol dictionary decoding
The X location of the adaptive template pixel RA; in asymbal dictionary decoding f
TheY locationef the adaptive template pixel RA; in asymboal dictionary decoding f
The X logation of the adaptive template pixel RA, in asymboal dictionary decoding f
The(Y location of the adaptive template pixel RA, in asymboal dictionary decoding f
Template identifier for refinement coding of bitmapsin a symbol dictionary decodin

classes in a
n a symbol

n a symbol

ry decoding

brocedure
rocedure
rocedure
rocedure
rocedure
) procedure

The template identifier used to decode symbol bitmaps in a symbol dictionafy decoding

procedure

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

SLTP

STRIPT
SWITCH
SYMWIDTH
-

TEMPC

T
TOTWIDTH
TPGDON
TPGRON

A Dbinary value indicaling whether the current line was typically predicted and the previ ous line

was not, or vice versa

The numerically smallest T coordinate in the current strip

Whether MPS and LPS are switched on an LPS renormalisation

The current bitmap width in a symbal dictionary decoding procedure

One coordinate of the coordinate system used in atext region decoding procedure
A temporary register in the MQ coder

TheT coordinate of a symboal instance

Thetotal width of the bitmapsin aheight class

Whether typical predictionis used in ageneric region decoding procedure

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 ahalftone grid

Y The vertical coordinate of a pixel in abitmap

4.3 Qper ator definitions

The following operators are defined:

OR If V1and V2 aretwo binary values, then V1 OR V2isequd to 0 if both W1 and V2 are 0. It |sequal to 1
if either of V1or V2isl. If V1and V2 aretwo integer values, then\it.is the result of bitwisg application
of OR.

AND If V1and V2 are two binary values, then V1 AND V2 isequal to O if either of V1or V2is0. It is equa
to 1 if both V1 and V2 are 1. If V1 and V2 are two,integer values, then it is the resulf of bitwise
application of AND.

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

XNOR If V1and V2 aretwo binary values, then VA XNOR V2 isequal to 0 if V1 and V2 differ. It [sequal 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 V1is0O,andisOif V1is1l.

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

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

| ] If aisanumberthen| alisthe largest integer less than or equal to a.

[] If aisanumber) then| alisthe smallest integer greater than or equal to a.

<< If V1and V2 are two integers, then V1 << V2 isthe value obtained by shifting the value of V1 leftwards
by V2 hits, filling the rightmost V2 bits of the new value with 0.

>> I\l and V2 are two integers, then V1 >> V2 is the value obtained by shifting the value of 1 rightward
by'V 2 hits, filling the leftmost V2 bits of the new value with O.

>>p [T VIand V2 are two integers, then VI >> 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 and 1 if
V1isnegative.

5 Conventions

5.1 Typographic conventions

All parameter names are given in bold face.

5.2 Binary notation

Thetwo binary values are denoted as 0 and 1.
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53 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 Integer value syntax

54.1 Bit packing

Bits are packed into bytes starting at the most significant bit. If a decoder is reading a sequence of bits out of a bitstream,
it shall 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.

EXAMPLE — The sequence of bytes 0x2F 0x05 OxCL, if interpreted as a sequence of hits, isthe sequence
001011110000010111000001

5.4.2 Multi-byte values

All multi-byte values shal be interpreted in a most-significant-first manner: the first byte of-eéach valuelis the most
significant, jand the last byte is the least significant.

EXAMPLH — The sequence of bytes 0x01 0x5C 0x99 OxFA, if interpreted as a four-byte value, represerjts the value
0x015Co9FA.

54.3 B|t numbering

The least sipnificant bit of any value is numbered bit 0. For a one-byte value,*the most significant bit is nunbered bit 7;
for a two-Qyte value, the most significant bit is numbered bit 15; for/a four-byte value, the most significant bit is
numbered Hit 31.

5.4.4 gnedness

Unless othgrwise specified, all multi-bit values shall be treatéd as unsgned values. When a value is to beftreated as a
signed numper, it shall be interpreted in two's-complementform.

55 rray notation and conventions
Arrays are fumbered starting from zero.
EXAMPLH - A one-dimensional array'ARR containing twelve el ements has e ements:

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

5.6 | nage and bitrmap conventions

A bitmap igarectangUler array. Every element in thisarray hasthe value 0 or 1. An element in a bitmap isrgferred to as

apixe.
NOTE 1}- Fhreughout this Recommendation | International Standard, pixels in bitmaps are trested as having the valpes 0 or 1. In
most apglications of this Recommendation | International Standard, the application will select some interpretation|of these two
values. A typical interprefation of these pixelsis that O represents white, or background, and 1 represents black, or foreground.
However, this is not a requirement of this Recommendation | Internationd Standard and applications are free to make 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 pixel 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.
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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

troduction to decoding procedures

This Recommendation | International Standard makes use of a number of different decoding procedures f
types of datia. Each of these decoding procedures produces a cextain kind of data as output. The generic regi
procedure, generic refinement region decoding procedure, halftone region decoding procedure, and text regi
procedures gll produce regions as their output. The symbol(dictionary decoding procedure produces an array
asitsoutpuf. The pattern dictionary decoding procedure similarly produces an array of haftone cell bitmaps 4

The varioug region decoding procedures operate in.different ways:
»  Thegdneric region decoding procedure decodes a bitmap, treating it Smply as an array of binary pixels.

*  The gédneric region refinement decoding procedure decodes a bitmap by treating it as an array of binary
coding each pixe with respect to some reference bitmap.

or different
bn decoding
bn decoding
of symbals
IS its output.

pixes, but

»  Thetekt region decoding procedure decodes a bitmap by drawing a collection of symbolsinto it, possitly applying

the generic refinement region decoding procedure to each one.
»  The halftone region.decoding procedure decodes a bitmap by placing a collection of patterns into it,

at locations

L which are
invocation,

tream, with

different parameters each time.

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 2-1In7.4.2.1.1, if the SDHUFF field is 0 then the SDHUFFDH 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
(e.g. use the error to attempt to aid recovery from further errors); and so on.

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

Alternatively, for improved speed but reduced compression the generic region decoding procedure may be based on
Huffman coding of runs of pixels. This technique was used in the MMR (Modified Modified READ) agorithm
described in ITU-T Recommendation T.6 (G4). Thistype of decoding is described in 6.2.6.

6.2.2

nput parameters

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

Table 2 — Parametersfor the generic region decoding procedur e

Name Type (tSJiifS) Signed? Description and restrictions
MMR Integer 1 N Whether MMR coding'is used.
GBW Integer 32 N The width of,theregion.
GBH Integer 32 N The heighit of the region.
GBTEMPLATE Integer 2 N Thetemplate identifier.d
TPGDON Integer 1 N Whether typical prediction is used.?
USESKIP Integer 1 N Whether some pixels should be skipped in the decodijng.?

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

GBATIX, Integer 8 Y The X location of the adaptive template pixel A;.2
GBAT|Y 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
GBAT|Y, Integer 8 Y The'Y location of the adaptive template pixel A,.P
GBATX3 Intéger 8 ' The X location of the adaptive template pixel Ag.P
GBAT|Y; Integer 8 ' The'Y location of the adaptive template pixel Ag.P
GBATX,4 Integer 8 N The X location of the adaptive template pixel A,P
GBAT|Y, Integer 8 ' The'Y location of the adaptive template pixel A,P

a3 Upusedif MMR = 1.
b Upusédif MMR =1 or GBTEMPLATE # 0.
© U USE(]iIUDl:d\IP—UOfIVIIVIH—J..

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.

ITU-T Rec. T.88 (2000 E) 13
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624 V

ariables 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
CONTEXT Integer 16 N The values of the pixelsin the template.?
3 Unusedif MMR =1.

6.2.5 D

6.251 G
If MMR ig

ecoding using a template and arithmetic coding

eneral description

0 the generic region decoding procedure is based on arithmetic coding with atemplate to de

coding statg. The remainder of 6.2.5 describes this form of decoding, and only applies when MMR is0.

6.252 C

The coding|
each row fi
relationship

Near the eqg
bounds refd

«  All pi
6253 F

A template
context. Eal
template is
with a parti

pding order and edge conventions

algorithm iterates through the bitmap in raster scan order, thatds by rows from top to bottom
fom left to right. The processing for a current target pixel ill reference some pixels in f
to the target pixel.

ges of the bitmap, these neighbour references might notilie in the actua bitmap. The rule to sal
Fences shall be:

elslying outside the bounds of the actua bitmap have the value O.

xed templates

defines a neighbourhood around a pixeto be coded. The values of the pixels in this neighbourh
ch context has its own adaptive probability estimate used by the arithmetic coder (see Annex E).
A geometric pattern of pixels, thepixelsin atemplate are said to take on values when the templa
Cular part of the image.

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

X XXX Q T0828750-99/d03

termine the

and within

xed spatidl

isfy out-of-

bod define a
Although a
eisdigned

aa-DRDTCAMMDL AT N

| P e ) T amalatasnid
FTyurc o ICIII'JICALCVVIIUI\JUII_IVIrI_I'\II_—\J,

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
different values. This context shall be used to identify which adaptive probability estimate shall be used by the arithmetic
coder for encoding the pixel to be coded (see Annex E).

A

O T0828770-99/d05

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

X x|Al

x[x|x|x]& T0828780-09/d06

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

NOTE 1}- A rule of thumb is to uselarge templates for large bitmaps. Thus a full-size periodic halftone should be cpded with the
16-pixe template and tiny bitmaps such as usua symbol bitmaps should be coded with one of the 10-pixel templftes. In some
cases anlintermediate template'is desired, for performance or decoder memory requirements; in this case the 13-pixel template
should be used. It is aso\passible to generate further templates by placing one or more of the AT pixels on tog of a regular
templatelpixe, thus fixing-its value.
NOTE 2}- The 10-pixel templates are those used in ITU-T Rec. T.82 | ISO/IEC 11544 (JBIG). Software execufion speed is
somewhf higher with'the two-line template than any of the three-line templates. For most images the 10-pixd, threefline template

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

6.2.5.4 Adaptivetemplate 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.

ITU-T Rec. T.88 (2000 E) 15
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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) (-1,-128) | (0,-128) (1, -128) (127, -128)
(-128,-1) (-1,-1) (0,-1) ,-1) (@27, -1)
T0828790-99/d07
(-128, 0) (-1,0) O
Figure 7 — Field to which AT pixellocationsarerestricted
Table5— The nominal values of the AT pixel locations
GBATX1 GBATX> GBATX3 GBATX4
GETEMPLATE GBATY1 GBATY> GBATY3 GBATY,4
3 -3 2 -2
0 a a1 2 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
NOTESNA means that the parameter has no nomina value.

6.25.5 Typical prediction for generic direct coding (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.

16
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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
bit varies depending on the template in use:

«  |fGBTEMPLATE is0. usethe context shown in Figure 8
o[ 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 nomipal locations.
The same pixel values (0 or 1) shall be used for the AT pixels novmatter what their actud locationg are. That is,
moving the AT pixels does not affect the context that is used to décode SLTP.

c) IfILTP = 1 then set every pixel of the current row of GBREG equal to the corresponding pixel| of the row
immediately above.

d) [IfILTP = 0 then, from l€ft to right, decode each pixel Bf\the current row of GBREG. The procedyre for each
pixel isas follows:

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

i} Otherwise:
» Place the template given,. By parameter's GBTEMPLATE, GBATX; through GBATX4 and

GBATY 1 through GBATJY 4 so that the current pixel is aigned with the location denotegl by a circle
in the figure describing.thie appearance of the template with identifier GBTEM PLATE.

* 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 shall
be consistent and independent of the location of the AT pixels.

»  Decodethecurrent pixel by invoking the arithmetic entropy decoding procedure, with QX set to the
value formed by concatenating the label "GB" and the 10-16 pixel values gathered in CONTEXT.
Theresult of thisinvocation isthe value of the current pixel.

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

4) After al the rows have been decoded, the current contents of the bitmap GBREG are the results that shal be
obtained by every decoder, whether it performsthis exact sequence of steps or not.

1]0j0]1]|1

oj1j1j0j0j]11)o0

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
1]1]0}]J0]1

6.2.6 D
If MMR is
described in
e Aniny
bytes,
e Thedsd
"white
shdl b
- P
- P
. If the
stream
where
- fr

0 1 U 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 theSLTP value
when GBTEMPLATE/s3

ecoding using MM R coding

1, the generic region decoding procedure iSiidentical to an MMR (Modified Modified REA
ITU-T Recommendation T.6, with the fol lowing exceptions:

ocation of the generic region decoding-procedure with MM R equd to 1 shall consume an integra
beginning and ending on a byte bourndary. This may involve skipping over some hits in the last by

coder in ITU-T Recommendation:T.6 is specified as producing pixels whose value may be eithe
'. For the purposes of this Recommendation | International Standard, the result of using the M)
b interpreted as follows;

humber of bytes contained in the encoded bitmap is known in advance, then it is permissible
not to contain an EOFB (000000000001000000000001) at the end of the MMR-encoded data
the number of bytes is known are when this decoding procedure isinvoked:

pm’within the pattern dictionary decoding procedure;

xels decoded by the MMR decoder having the value "black" shall be treated as having the value 1.
xels decoded by theeMMR decoder having the value "white" shall be treated as having the value Q.

D) decoder

Il number of
fe read.

r "black” or
VIR decoder

for the data
. The cases

o withiTT thesymbotdittiormary decodimg procedore; o

— aspart of decoding a generic region whose data length is known.

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
NOTE 1

must be present.
— The sources of the byte count, in the cases whereit is known, are:

—  Within the pattern dictionary decoding procedure, the byte count is known because al 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.

- Wi
- Wi

thin the symboal dictionary decoding procedure, the byte count is known from BM SIZE.
thin 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
using MMR is fagter than image bitmap decoding based on arithmetic coding.

6.3

6.3.1

eneric Refinement Region Decoding Praocedure

eneral description

This decoding procedure is used to decode a rectangular array of 0 or 1 values, which are coded’one pixs
There is a feference bitmap known to the decoding procedure, and this is used as part of the decoding

reference b
Each pixel
pixels from

6.3.2

M

The parame

put parameters

tmap is intended to resemble the bitmap being decoded, and this similarity is used to increase ¢
sdecoded using a context comprising pixels drawn from the reference bitmapjas well as previou
the bitmap being decoded.
ters to this decoding procedure are shown in Table 6.

Table 6 — Parametersfor the generic refinement egion decoding procedure

H at atime.
rocess. The
DMpression.
5l y-decoded

Name Type (ﬁif.:) Signed? Description and regtrictions

GRW Integer 32 N The width of the region.

GRH Integer 32 The height of the region.

GRTHMPLATE Integer 1 N The template identifier.

GRRHFERENCE Bitmap The reference bitmap.

GRRHFERENCEDX Integer 32 Y The X offset of the reference bitmap with respect to the

bitmap being decoded.

GRRHFERENCEDY Integer Y The Y offset of the reference bitmap with respect to the
32 bitmap being decoded.

TPGRON Integer 1 N Whether typical prediction for generic refinement is ysed.

GRATIX, Integer 8 Y The X location of the adaptive template pixel RA;.2

GRAT|Y, Integer 8 Y The'Y location of the adaptive template pixel RA;.2

GRATIX % Integer 8 Y The X location of the adaptive template pixel RA,.2

GRATY; Tnteger 3 Y The Y Tocation of the adaptive template pixel RA.S

3 Unusedif GRTEMPLATE #0.

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

Table8—Variablesused in the generic refinement region decoding procedure

Size

Name Type (bits

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

previousline's LTP value.®

Integer 1 N Whether the current line's LTP value is different from the

TPGRPIX Integer 1 N Whether the current pixel isto be decoded implicitly using a

TPGR prarli ction.@

TPGR

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

3 y

hused if TPGRON = 0.

6.3.5 D

6.351 G

The generig
state. Ther

6.352 C

The coding
order. That
target pixe

from the reference version of the bitmap, and some of these'pixels are drawn from the aready-coded pixels o

bitmap.

Near the eqg
bounds refd

«  All pi
6353 F

A template
context. Eal
template is
with a parti

ecoding using a template and arithmetic coding

eneral description

refinement region decoding procedure is based on arithmetic codingwith atemplate to determin
bmainder of 6.3.5 describes this form of decoding.

pding order and edge conventions

algorithm iterates through the refine bitmap being decoded, along with a reference bitmap, in
is it iterates by rows from top to bottom, and within.each row from I€ft to right. The processing 1

ges of the bitmap, these neighbour references might not lie in the actua bitmap. The rule to sa
Fences shall be:

elslying outside the bounds.of.the actua bitmap or the reference bitmap have the value 0.

xed templates and adaptive templates

defines a neighbourhood around a pixel to be coded. The values of the pixels in this neighbourh
ch context has its‘ewn adaptive probability estimate used by the arithmetic coder (see Annex E).
A geometric gattern of pixels, the pixelsin atemplate are said to take on values when the templa
Cular part ef the image.

b the coding

raser scan
or acurrent

will reference some pixels in fixed spatia relatienship to the target pixel. Some of these pixels are drawn

therefined

isfy out-of-

bod define a
Although a
eisdigned

RA1xx! RAJ X | X
x |O x || x
X XX

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


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

ISO/IEC 14492 : 2001 (E)

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 correspond to a specific bit in the context, although the pixelsin the template may be assigned to bitsin the context
in any order. Because there are up to 13 pixels in the template, contexts can take on up to 8192 different values. This
context shaji-be-tsed-to-+dentHy-which-agaptive-probabHity-estiate-shal-be-tsed-by-the-arithrmetie-eaderor encoding

—oC-o

the pixel tolbe coded (see Annex E).

X [ x [x | x|
x|O | x |®)] x
x | x

T0828850-99/d13

Figure 13 — 10-pixel refinement template

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

The pixels that are alowed to change shall be called AT pixels. Their sandard locations are indicated by 'RA;;' and 'RA,'
in Figure 12. Note that only one template has AT pixels:

6.3.5.5 Typical prediction for generic refinement (TPGR)

Typical prediction for generic refinement. carjbe enabled or disabled with the TPGRON parameter. If typical prediction
for genericrefinement is enabled (TPGRON is 1) then before the first pixel of each row is decoded, a valye indicating
whether arpw is typical shall be decoded. If therow is not typical, each pixel of the row needs to be explicifly decoded.
If the row |s typical, al typically-predictable pixels can be implicitly decoded using their predicted vallie, with the
remainder ¢f the pixels still being explicitly decoded. For a pixd to be typically-predictable it must meef the criteria
defined in §.3.5.6, step 3d).

NOTE —[The val ue decoded before the first pixel of each row is not used in any pixel's template.

6.3.5.6 Decodingtherefinement bitmap

The decoding.of the bitmap proceeds as follows:
1) S« L1T
2) Create abitmap GRREG of width GRW and height GRH pixels.
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:

D_0N
=V,

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

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.

EXAMPLE —If GRTEMPLATE is 1, the image pixels overlad by the template are as shown in
Figure 15, and the pixdls are gathered in reading order (in rows from top to bottom, and within each row

d If

i)

i)

from l€ft to right, with the pixels in GRREG considered before the pixelsin GRREFERENCE), then CX
is set to "GR0O000001000".

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

décode therest. The procedure for each pixel isas follows:

Set TPGRPIX equal to 1if:
« TPGRONis1AND;

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

When TPGRPIX is set to 1, set TPGRVAL equa to the current 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 currenty'pixel by setting it equal to its pregdicted value
(TPGRVAL).

Otherwise, explicitly decode the current pixel “using the methodology of steps3c) i) through 3 ¢) iii)
above.

er al the rows have been decoded, the current contents of the bitmap GRREG are the results that shall be

ained by every decoder, whether it performsthis exact sequence of steps or not.

ooo‘ ololo
o|© 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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XXX

O AEE
XXX
T0828880-99/d16

Figure 16 — TPGR template

ext Region Decoding Procedure

6.4.1 G

This decod
containsal
decoded hit

NOTE —

characters from some font or al phabet.

6.4.2

M

The parame

NOTE —
Englishn

» SBDE

« SBCOMBOPisOR

« TRAN
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eneral description

ng procedure is used to decode a bitmap by decoding a number of symbol instancesA-symbol instance
hcation and a symbol 1D, and possibly arefinement bitmap. These symbol instances aré\combined to form the

map.
This decoding procedure will normally be used to decode the text part of a page. The Symbols are normally single text

put parameters

ters to this decoding procedure are shown in Table 9.

The values of some of these parameters in a typical situation, where-a bitmap containing text characterg in standard
eading order is being decoded, and 1 isthe foreground pixel value are:

FPIXEL isO

SPOSED isO
ORNER isBOTTOMLEFT

Table 9 — Parametersfor thetext region decoding procedure

Name Type (tS)iif; Signed? Description and regtrictions

SBHUFF Ihteger 1 N Whether Huffman coding is used.

SBREFINE Integer 1 N Whether refinement coding is used.

SBW Integer 32 N The width of the region.

SBH Integer 32 N The height of the region.

SBNUM INSTANCES Integer 32 N The number of symbol instancesin thisregion.

SBSTRHRS }rteger 4 N Fhe-size-of-the-sunbel-rstance-sirps—May-take-ar'the
values 1, 2, 4 or 8.

SBNUMSYMS 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.
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Table 9 (concluded)
N Size ! - .
ame 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
subsequent symbol instancesin each strip. @

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

SBHUFFRDW Huffman table The Huffman table used to decode the differenee bgtween
a symbol's width and the width of a refinefment codgd
bitmap.?)

SBHUFFRDH Huffman table The Huffman table used to decode the difference bgtween
a symbol's height and the height.of’a refinement cogled
bitmap.?)

SBHUFFRDX Huffman table The Huffman table used.to'decode the difference bgtween
a symbol instance's X-eoordinate and the X coordingte of
arefinement coded-bitmap.?)

SBHUFFRDY Huffman table The Huffman table-used to decode the difference bgtween
asymbol instanee's Y coordinate and the Y coordingte of
arefinemént coded bitmap.?)

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

SBRTEMPLATE Integer 1 N Templateidentifier for refinement coding of symbd
instance bitmaps.%

SBRA[ X4 Integer 8 Y The X location of the adaptive template pixel RA..9

SBRA[TY 4, Integer 8 Y The'Y location of the adaptive template pixel RA..9

SBRA[ X5 Integer 8 Y The X location of the adaptive template pixel RA,.9

SBRA[TY Integer 8 Y The'Y location of the adaptive template pixel RA,.9

3 Upusedif SBHUFF =0.

B Upused if SBHUFF =0 or SBREFINE =0.

9 Upusedif SBREFINE =0

9 Upusedif SBHUFF = 1

6.4.3 REturn value

The variablpwhese value is the result of this decoding procedureis shown in Table 10.

Table 10 — Return value from the text region decoding procedure

Name Type (ﬁif; 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.
CURS Integer 32 Y The current S coordinate.
CURT Hateger 3 N Fhe-ctrrent-symbo-nstanee's Fecordinateretative tq the
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 bitmap:
W Integer 32 The width of a symbol ingtance's symbol bitmap.
H, Integer 32 The height of a symbol(ingtance's symbol bitmap.
IDS Integer 32 The difference in,S'coerdinates between two symbol
instances withinastrip.
R Integer 1 N Whether asymbol instance's symbol bitmap is coded [using
refinement,
RDW, Integer 32 Y Thedeltawidth of asymbol instance's refinement bitmap.?
RDH, Integer 32 Y Theddta height of asymbol instance's refinement bitmap.d
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 @
IBO, Bitmap A symbol ingtance's original symbol bitmap.?
WO, Integer 32 N The width of 1BO,.2
HO, Integer 32 N The height of 1BO,.2
8 Upusedif SBREFINE = 0.
6.4.5 Decoding the text region
A symbol-¢oded bitmap is represented by a set of symbol instances. Each symbol instance encodes @ location, a
symbol ID,|and possibly refinement information. The location of each symbol instance comprises an S coorglinate and a
T coordinatﬁ. I TRANSPOSED is 0, then the S coordinate axis corresponds to the X axis of the bitmap, and the T .axis
correspondsTo the Y axis of the bitmap. IS I, then the S coordinale axis corresponds to the Y axis of

the bitmap, and the T axis corresponds to the X axis of the bitmap.

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.
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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 Suip

Figure 17 — Coded structure of a text region

Delta T

First symbol instance

Second symbol instance

Last symbol instance,

(0]6]=]

Figure 18 — Structure of a strip

Symbol instance S coordinate

Symbol instance T coordinate

Symbol instance symbol ID

Fidure19 — Structure of a symbol instance when SBREFINE is0

Symbol instance S coordinate

Svmbaolinstance-T-coordinate
Y

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:

FIRSTS = FIRSTS + DFS

CURS = [CIDCTC

Vi

Vi

COUT WY TIT OO

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

CURS = CURS +1IDS + SBDSOFFSET
NOTE 4 —The intended use of SBDSOFFSET is to make the most ,common value decoded in 6.

shortest codein all of the default tables used in 6.4.8 is for the valuezere:
Decode the symbol instance's T coordinate as described in 6.4:9. Let CURT be the decoded val

Ty = STRIPT + CURT

Decode the symbol instance's symbol 1D as described in 6.4.10. Let 1D, be the decoded value.

Determine the symbol instance's bitmap |By-as' described in 6.4.11. The width and height of

shall be denoted asW and H, respectively.

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.

i) S&:

the symbol
last symbol
value. Set:

1.8 zero. The

ue. Set:

this bitmap

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 SBREGIS;, Ti].

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

bitmap 1B shall be placed at SBREGIS;, Ti].
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+ 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 sym
bitmap IB, shall be placed at SBREG[ T, S].

bol instance

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

part of 1B, in step 3 ¢) ix).

) _Draw IB, into SBREG Combine each Ini\(r:-l of IB, with the current value of the correspon

ing pixd in

NOTE 5
distance

SBREG, using the combination operator specified by SBCOMBOP. Write the resu
combination into that pixel in SBREG.

Update CURS as follows:
* If TRANSPOSED is0, and REFCORNER is TOPLEFT or BOTTOMLERF, Set:

CURS =CURS + W -1

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

CURS = CURS + H| - X

»  Otherwise, do not change CURS in this step.
- The CURS update rules are designed to allow the gap betvwyeen adjacent symbol instances to be encoded, r

allows bétter compression.

Xi

d W

4) After g
decodg

6.4.6 S
If SBHUFH

SBSTRIPY

If SBHUFH

Set:

NINSTANCES = NINSTANCES + 1
hen the strip has been complétely decoded, decode the next strip.

r, whether it performsithi’'s exact sequence of steps or not.

ripdeltaT
is 1, decodea value using the Huffman table specified by SBHUFFDT and multiply the resulti

is'0xdecode a value using the IADT integer arithmetic decoding procedure (see Annex A) and

resulting va

ueby SBSTRIPS.

ts of each

ather than the

between their reference corners; this takes out one source of variation (the symboal instance bitmap width of height), and

i1 the strips have been decoded, the current contents of SBREG are the results that shall be obtaired by every

ng value by

multiply the

6.4.7 First symbol instance S coor dinate

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.
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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[ log ,SBSTRIPS] bits directly from the bitstream.
» If SBHUFF is0, decode avalue using the AIT integer arithmetic decoding procedure (see Annex A).
NOTE - If SBSTRIPS = 1, then no bits are consumed, and the IAIT integer arithmetic decoding procedure is never invoked.

6.4.10 Symboal instance symbal ID

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 SBHUFFE is O, decode a value using the 1AID integer arithmetic decoding procedure (see Annex A). Set 1D, to the
resulting vg ue.

6.4.11 Symbol instance bitmap

In some capes, the symboal instance bitmap 1B, is smply the bitmap of the symbol identifiedby ID,. In pther cases,
however, the symbol instance bitmap is that bitmap modified by additional refinement infopmation. The bft indicating
which of the optionsistrue for asymbol inganceiscalled R,.

If SBREFINE isO, then set R, to 0.

If SBREFINE is1, then decode R, asfallows:
e If SBHUFFis 1, then read one hit and set R, to the value of that hit,

» If SBHUFF is 0, then decode one bit using the IARI integer afithmetic decoding procedure and set R, to the value
of that|hit.

If R is0thén set the symbol instance bitmap 1B, to SBSYM 1D ].

If R is1theén determine the symbol instance bitmap as follows:
1) Decodg the symbol instance refinement deltawidth as described in 6.4.11.1. Let RDW, be the value decqded.
2) Decode the symbol instance refinement delta height as described in 6.4.11.2. Let RDH, be the value decoded.
3) Decodg the symbol instance refinement X offset as described in 6.4.11.3. Let RDX, be the value decodeq.
4) Decode the symbol instance refinement Y offset as described in 6.4.11.4. Let RDY, be the value decoded.
5) If SBHUFF is 1, then:

a) Dgcode the symbol* instance refinement bitmap data size as described in 6.4.11.5.

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

6) Let IBO be.SBSYMYID|]. Let WO, be the width of IBO, and HO, be the height of IBO,. The symboal instance
bitmag 1Byis the result of applying the generic refinement region decoding procedure described inp.3. Set the
parametersto this decoding procedure as shown in Table 12.

7) 1f SBHUFF is 1, then skip over any bitsremaining in the last byte read. The total number of bytes processed by the
generic refinement bitmap decoding procedure must be equal to the valueread in step 5 @).

6.4.11.1 Symbal instancerefinement delta width

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

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

6.4.11.2 Symbol instancerefinement delta height

If SBHUFHR is 1, decode a value using the Huffman table specified by SBHUFFRDHS

If SBHUFHR is 0, decode a value using the IARDH integer arithmetic decoding procedure (see Annex A).
6.4.11.3 Symbal instancerefinement X offset

If SBHUFH is 1, decode a value usng the Huffman table specified by<SBHUFFRDX.

If SBHUFHR is O, decode a value usng the IARDX integer arithmetic decoding procedure (see Annex A).
6.4.11.4 Symbal instancerefinement Y offset

If SBHUFH is 1, decode a value usng the Huffman table specified by SBHUFFRDY .

If SBHUFHR is O, decode a value usng the IARDY-integer arithmetic decoding procedure (see Annex A).
6.4.11.5 Symbol instancerefinement bitmap data sze

Decode a v@l ue using the Huffman tabl e specified by SBHUFFRSI ZE.

6.5 Symbol Dictionary Decoding Procedure

6.5.1 Gleneral description

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

6.5.2

nput-parameters

The parametersto 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.
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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 symbol s that are used asinpuit to this symbol
dictionary decoding procedure. Contains SDNUMINSY M S symbols.

SDNUMNEWSYMS | Integer | 32 The number of symbols to be defined in this symbal dictionary.

SDNUMEXSYMS Integer | 32 The number of symbols to be exported from this symbol dictionary.

SDHUFFIDH Huffman table The Huffman table used to decode the difference in hei ght-between two
height classes.d

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

SDHUFFBM SIZE Huffman table gﬂﬁgﬁgman table used to decode the size of atieight class collective

SDHUFFAGGINST | Huffman table The Huffman table used to decode the'number of symbol instancesin an
aggregation.?)

SDTEMPLATE Integer 2 N The template identifier used todecode symbol bitmaps.9

SDATX, Integer 8 Y The X location of the adaptive template pixel A;.9

SDATY; Integer 8 Y The'Y location of the &daptive template pixel A;.9

SDATX Integer 8 ' The X location ofcthe'adaptive template pixel A,.9

SDATY, Integer 8 ' The Y location-of the adaptive template pixel A,.9

SDATX3 Integer 8 ' The X location of the adaptive template pixel Az.9

SDATY; Integer 8 ' The Y lecation of the adaptive template pixel Az.9

SDATX,4 Integer 8 ' The X location of the adaptive template pixel A4.9

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

8 Unusgd if SDHUFE=0.
b Unusgdif SDHWFF'=0 or SDREFAGG = 0.
9 Unusdd if SDHUFF = 1.

9 Unusdd if, SDREFAGG = 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.
NSYMSDECODED Integer 32 N How many symbols have been decoded so far.
HCDH Integer 32 Y Thedifferencein hel ghf hetween twa hel ghf classes
SYMWIDTH Integer 32 N The width of the current symbol.
TOTWIDTH Integer 32 N The width of the current height class.
HCFIRST$YM Integer 32 N Theindex of thefirst symbol in the current height cligss.
DwW Integer 32 Y The difference in width between two symbols.
Bs Bitmap The current symbol's bitmap!
Bhc Bitmap The current height elass collective bitmap.
| Integer 32 N An array index.
J Integer 32 N An array‘index.
REFAGGNINST Integer 32 N Thenumber of symbol instancesin an aggregation.
EXFLAGS Array of integers The export flags for this dictionary.
Contains SDNUMINSYM S + SDNUMNEWSY M § values.
Each valueis one bit.
EXINDEX Integer 32 N An array index.
CUREXFUAG Integer 2 N The current export flag.
EXRUNLENGTH Integer 32 N The length of arun of identical export flag vaues.
6.5.5 Decoding the symboal dictionary
The interng structure of a symbol dictionary is shown in Figure 21. The symbols defined in the dictionary|are ordered
into height flassesaheight class contains anumber of symbols whose bitmaps are the same height.
NOTE 1} lymost cases, the height classes occur in the order of strictly increasing height, shortest through tallest. If $SDREFAGG
is 1, tholghra symhal may be coded as a refinement of a larger symbol defined in the same dictionary In this case, the height

class for that base symbol must be decoded (and therefore must occur) before the shorter height class of the symbol that is coded
by refining it. For this reason, height class delta heights (and symbol delta widths) may be zero or negative, as well as positive.

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.

Height class delta height

Delta width for first symbol

Delta width for second symbol

(0]0]=]

Height class collective bitmap

Figure 22 —Height class coding when SDHUFF is1 and SDREFAGG is0O

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 SDHUFFE,is®or SDREFAGG is1

The result ¢f decoding a symbol dictionary is an array SDEXSYMS containing SODNUMEXSYM S bitmaps. This array

shall be thelarray produced by the following steps:
Createlan array SDNEWSY MS of bitmaps, having SBNUMNEW SY M S entries.

1
2)

3)

4)

If SDHUFF is 1 and SDREFAGG is Qg cCreate an aray SDNEWSYMWIDTHS of integers, having

SDNUMNEWSY M S entries.
Set:

Decodg each height class as follows:

a)

b)

HCHEIGHT
NSYMSDECODED =

1l
o O

Ifl NSYMSDECODED = SDNUMNEWSYMS then al the symboals in the dictionary have be¢gn decoded,;
pioceed to step 5).

Decode the height class delta height as described in 6.5.6. Let HCDH be the decoded value. Set:

HCHEIGHT = HCEIGHT + HCDH
SYMWIDTH = 0
TOTWIDTH = 0

HCFIRSTSYM = NSYMSDECODED

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 be the
decoded value and set:

SYMWIDTH = SYMWIDTH + DW
TOTWIDTH = TOTWIDTH + SYMWIDTH

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
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5)

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] through

SDNEWSYMS[NSYMSDECODED - 1].

Byc contains the NSYMSDECODED - HCFIRSTSYM symbols concatenated left-to-right, with no

intervening gaps. For each | between HCEIRSTSYM and NSYMSDECODED —1:

the width of SDNEWSYMSY]1] isthe value of SDNEWSYMWIDTHS[I];
the height of SDNEWSYMS][I] isHCHEIGHT; and
the bitmap SDNEWSY M S][1] can be obtained by extracting the columns of B¢ frent:

1-1
> SDNEWSYMWIDTHY J]
J=HCFHRSTSYM

through

|
> SDNEWSYMWIBTHS J] |-1
J=HCFIRSTSYM

EKAMPLE — Columns 0 through SDNEWSYMWIDTHS[HCFIRSTSYM] — 1 of By contain the
SPNEWSYMSHCFIRSTSYM], thefirst symbal in the height class.

Determine which symbol bitmaps are exported from this symbol dictionary, as described in 6.5.10. Th
can bg drawn from the symbols that are Used as input to the symbol dictionary decoding procedure as
new symbols produced by the decoding procedure.

6.5.6

NOTE 2 —Not dl the new ‘symbols need to be exported; this dlows the dictionary to define a symb
refinement/aggregate coding to build other symbols, and not actually export the origina symbol. Alsa
symbals can be exported)this dictionary can, in effect, copy symbols from other dictionaries.

Hleight class delta height

If SDHUFH is 1, decode’aval ue using the Huffman table specified by SDHUFFDH.

If SDHUFHR is 0, decede a value using the IADH integer arithmetic decoding procedure (see Annex A).

6.5.7

Deltaxvidth

e bitmap for

ese bitmaps
well as the

bl, use it via
, since input

If SDHUFF 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 formis 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.

34
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Table 16 — Parameter s used to decode a symboal's bitmap using generic bitmap decoding

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

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

symbols. Dgcode the bitmap as follows:

1
2)

3)

6.5.8.21 Number of symbol instancesin aggregation
If SDHUFHR is 1, decode a value using the Huffman'tabl e specified by SDPHUFFAGGINST.
If SDHUFHR is 0, decode a value using the |AA I integer arithmetic decoding procedure (see Annex A).

6.5.8.2.2 Decoding a bitmap when REFAGGNINST =1

Decod the number of symbol instances contained in the aggregation, as'specified in 6.5.8.2.1. Let REFAGGNINST
be the value decoded.

If RERAGGNINST is greater than one, then decode the bitmap itself using a text region decoding procedure as
descrilped in 6.4. Set the parametersto this decoding procedure'as shown in Table 17.

If REHAGGNINST iseqgua to one, then decode the bitmap 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 aggregatijon, then the
bitmap is decoded as follows, (This is essentially the procedure followed by the symbol region decoding procedure,

except that when avalue isknawn, it isnot decoded.

1
2)

3)
4)

5)

6)

7)

Set SBHUFF = SDHUFF.

Decode a symbol ID as described in 6.4.10, using the values of SBSYMCODES and SBSYM{CODELEN
descrilped in6.5.8.2.3. Let 1D, be the val ue decoded.

Decodg theinstance refinement X offset asdescribed in 6.4.11.3. If SDHUFF is 1, use Table B.15 for SBHUFFRDX.
Let RDX, be the value decoded.

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

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
SBNUM INSTANCES | REFAGGNINST
SBSTRIPS 1
SBNUMSYMS SDNUMINSYM S + NSYMSDECODED
SBSYMCODES See6.5.8.2.33
SBSYMCODELEN See 658230
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 SDHUEF)= 0 then this parameter has no value.
b If SDHUFF = 1 then this parameter has no value.

Tabled8- Parameter s used to decode a symbol's bitmap when REFAGGNINST =1

Name
GRW SYMVWADTH
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 [ength of the bit strings decoded using IAID will not change during the decoding of this symbol-digtionary.

6.5.8.24 Ppetting SBSYMS

Set SBSYNIS to an array of SDNUMINSYMS + NSYMSDECODED symbols, formeth by concatenating the array
SDINSY M S and the first NSY MSDECODED entries of the array SDNEWSYMS,

6.5.9 Hleight class collective bitmap
Thisfield igonly present if SDHUFF = 1 and SDREFAGG =0.

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

Thisfield ig decoded as follows:

1) Read the sizein bytes using the SDHUFFBM SIZE Huffiman table. Let BMSIZE be the value decoded.
2) Skip ojer any bitsremaining in the last byte read.

3) If BM$IZE is zero, then the bitmap is stored uncompressed, and the actual sizein bytesis:

HCHEIGHT x ’VM—‘

8

Degcode the bitmap by reagding this many bytes and treating it as HCHEIGHT rows of TOTWIDTH |pixels, each
royv padded out to a pyteboundary with 0-7 O hits.

4) Otherwise, decode thebitmap using a generic bitmap decoding procedure as described in 6.2. Set the pgrameters to
this decoding preeedure as shown in Table 19.

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

Name Value
MMR 1
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) Decodeavaueusing TableB.1if SDHUFF is 1, or the IAEX integer arithmetic decoding procedure if SDHUFF is
0. Let EXRUNTENGTH bethedecoded vatue:
3) Sat EXFLAGSEXINDEX] through EXFLAGSEXINDEX + EXRUNLENGTH-1] to CUREKFLAG. If
EXRUNLENGTH = 0, then this step does not change any val ues.

4) Set:

EXINDEX = EXINDEX + EXRUNLENGTH
CUREXFLAG = NOT(CUREXFLAG)

5)  Repeal steps 2) through 4) until EXINDEX = SDNUM INSYM S + SDNUMNEWSYMSS.

6) The atay EXFLAGS now contains 1 for each symbol that is exported.from the dictionary, and O for gach symbol
that ispot exported.

7)  Set:
I =0
J =0
8) For eath value of | from 0 to SDNUMINSYM S + SDNUMNEWSYM S -1, if EXFLAGS]I] = 1 then|perform the
follow|ng steps:
a) If|/l <SDNUMINSYM Sthen set:
SDEXSYMS[J] = SDINSYMS[I]
J=J+1

fll = SDNUMINSY-MS then set:

b)

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

NOTE —|MQst dlctlonarles WI|| e<port e<act|y the new symbols that they deflne they WI|| not export any of the symbals in
= 0, SYM S values

arel.

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

: 2001 (E)

Name Type (tS;ifS) 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
HNUMPATS patterns.
HDEFPIXEL Integer | 1 N The default pixel for this bitmap.
HCOMBQP Operator The combination operator used in this halftone regienl. May take
on the values OR, AND, XOR, XNOR and RERPLACE.
HENABLESKIP Integer 1 N Whether unneeded gray-scal e values are skipped.?
HGW Integer 32 N The width of the gray-scale image.
HGH Integer 32 N The height of the gray-scale image.
HGX Integer 32 Y 256 times the horizonta offset.of the grid origin.
HGY Integer 32 Y 256 times the vertical offsetof the grid origin.
HRX Integer 16 N 256 times the horizofital 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 Unusgdif HMMR =1
6.6.3 REturn value
The variablg whose value is the result of this decoding procedureis shown in Table 21.
Table 21 — Retur n walue from the halftone region decoding procedure
Size " - .
Name Type (bits) Signed? Description and regtrictions
HTRE( Bitmap The decoded region bitmap
6.6.4  Vpriablesused in decoding
The variabl gsdsed by this decoding procedure are shown in Table 22.
6.6.5 Decoding the halftone region

A halftone-coded bitmap is represented by a set of pattern instances. Each 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.®

HBPP Integer ‘ 32 ‘ N The number of bits per valuein the array of gray-scale values.

Gl Array Array of gray-scale values. Gl isaHGW by HGH afay, each
entry of which isaHBPP bits unsigned integer.

3 Unusgdif HENABLESKIP =0.

Theresult @

1
2)
3)
4)

5)

6)

NOTE 3 - If
direction isH
as none of thy

6.651 C

The bitmap
affect any g

1)

40

NOTE 2

Recommendation | International Standard that the index does indeed correspond to the gray-scal e valUe.

Fill al

If HENABLESKIP equals 1, compute a bitmap HSKIP as shown in 6.6,5.1:

Set HE

—We use the term gray-scale value for the index to illustrate the compression idea. Theré is no requir

f decoding a halftone bitmap isthe bitmap that is produced by the following steps:
itmap HTREG, of the size given by HBW and HBH, with the HDEFPI XEL value.

PPto[log, (HNUMPATS) .

ement in this

Decode an image Gl of size HGW by HGH with HBPP hitsvper pixel using the gray-scale image decoding

procedure as described in Annex C. Set the parametersto thisdecoding procedure as shown in Table 23.

Let GI

Place gequentially the patterns corresponding to the values in Gl into HTREG by the procedure describg
The rendering procedure isillustrated in Figure 24.\The outline of two patterns are marked by dotted box

After @l the patterns have been placed on_the bitmap, the current contents of the halftone-coded hit

resultg

For e
a F

be the results of invoking this decoding procedure,

that shall be obtained by every decoder, whether it performsthis exact sequence of steps or not.

HGX is0, HGY is0, HRX isegudl to HPW x 256 and HRY is O, then the grid is simple: it is axis-aligned
orizontal, and the grid step is egual*to the size of the patterns. In this case, it is possible to optimise the draj
P patterns can overlap.

pmputing HSKIP

HSKIP contains 1 at a pixel if drawing a pattern at the corresponding location on the halftone g
ixels of HTREG. It is computed as follows:

h val ug'of-my between 0 and HGH — 1, beginning from O, perform the following steps:
br each/val ue of ng between 0 and HGW — 1, beginning from O, perform the following steps:

0in6.6.5.2.
es.

map are the

, the primary
Ving process,

rid does not

i)

<
XL

X = (HGX + mg x HRY + ng x HRX) >> o8
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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Figure 24 — Specification of coordinate systems and grid parameters

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

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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6.6.5.2 Rendering the patterns

Draw the pi

atternsinto HTREG using the following procedure:

1) For each value of my between 0 and HGH - 1, beginning from 0, perform the following steps.
a) For each value of ng between 0 and HGW - 1, beginning from 0, perform the following steps.

i)

NOTE —

shall not

6.7 Pgtter n Dictionary Decoding Procedure

6.7.1 Gleneral description

This decodi
decoding p!

6.7.2

The parametersto this decoding procedure are shown in Table 24.

nput parameters

Set:

X = (HGX + mg x HRY + ng x HRX) >> a8
y = (HGY + mg x HRX — ng x HRY) >> 78

HTREG.

value of the corresponding pixel in the haftone-coded bitmap, using the combination oper.
by HCOMBOP. The results of each combination shall be written into that pixel in the hal
bitmap.

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

nfluence the fina halftone-coded bitmap.

g procedure is used to decode a set of fixed-size patterns, these patterns can then be used by hal
ocedures.

Table 24 — Parametersfor the pattern dictionary decoding procedure

Draw the pattern HPATS[GI[ng, my]] into HTREG such that its upper Ieft pixel is at location (x, y) in

A pattern is drawn into HTREG as follows. Each pixel of the pattern shall be combined with the current

or specified
tone-coded

tone-coded
n with the

The gray-scal e image can be used by the decoder to get a good rendition of the halftone on a multi-level output device of
limited spatia resolution such as a computer screen. The use of the gray-scal e image for sueh purposes is outside the
Recommendation | International Standard.

The graytscale image is coded by bit-plane coding so the decoder will receive the gray-scal e image progressively.
the decofler may render a halftoned image using the quantised gray-scale values as'indices. Such intermediate half

scope of this

onsequently,
oned images

ftone 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.
GRAY|MAX Integer 32 N The largest gray-scale value for which a pattern is givien.
HDTEMPLATE Integer 2 N The template used to code the patterns.?
3 Unusedif HDMMR = 1.

6.7.3 R

eturn 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 I
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6.7.4  Variablesused in decoding
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 df decoding a pattern dictionary is a set of patterns: HDPATS[0] - - - HDPATSGRAY MAX]. These patterns
shall be thepatterns 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) Decodg the callective bitmap using a generic region decoding procedure as described in 6.2. Set the pframeters to
this decoding procedure as shown in Table 27.

3) Set:
GRAY =0

4) While[GRAY < GRAYMAX:

a) Lgt the subimage of Bypc consisting of HPH rows andrcolumns HDPW x GRAY through HDPW x (GRAY
+[1) — 1 be denoted Bp . Set:

HDPATS[GRAY] = Bp

b) Set:
GRAY = GRAY + 1

Table 27 — Parameter s used to decode a pattern dictionary's collective bitmap

Name Vaue
MMR HDMMR
GBW (GRAYMAX + 1) x HDPW
GBH HDPH
GBTEMPLATE HDTEMPLATE?
TPGDON 0?
USESKIP 0
GBATX; -HDPW3
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 G

Control Decoding Procedure

eneral 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')

ana thcr’ but-instead defineresaLirces that can be used h\J/ seaments that code regi ons.

A segment
segments. A
decoder ma

EXAMPLE
indicated by

The format
segment is

In the folloying, some references are made to "preceding” and "following.segments (and other indications

order of so
numbers: a

segment also includes retention bits for the segment that it refers to, and for itself; these indica
y discard the data created by decoding a segment.

— A text region segment may make use of symbols defined in preceding symbokdictionary segm
the text region's segment header referring to those symbol dictionary segments.

of segment headers is described in 7.2. The types of segments are defined'in 7.3. The syntax of
Hefined in 7.4.

pments). These terms are defined with reference to the erder imposed on the segments by th
segment precedes all segments whose segment numbers@relarger than its segment number. In th

Can be associated with some page, or not associated with any page. A segment can refer to-other, preceding,

ite when the

ents. Thisis

bach type of

mplying an
eir segment
e sequential

and randonp-access organisations (see D.1 and D.2), the segments must appear in the file in increasing ofder of their

segment nu
are encaps

NOTE —
10. This
file somd

A segment’

A segment’
contain O, 3

The segmef
decoded. S4
from the s

This claus
convention

mbers. However, in the embedded organisation (see’D.3), thisis not the case because the JBIC
ated in another file format.

It is possible for there to be gaps in the segment numbering. A JBIG2 file might contain segments numbered
Can occur due to editing: the segment numbersimight originally have been contiguous, but at some point in
pages were deleted and the remaining segments not renumbered.

5 header part always begins and ends on a byte boundary.

5 data part always begins and/ends on a byte boundary. Any unused hits in the fina byte of a sg
hd shall not be examined by the decoder.

t header part and the segment data part of a segment need not occur contiguously in the bits
be Annex D fortan organisation where the segment header part of a segment may be stored at so
hjment data part-of that segment.

b contains figures that describe various parts of the encoded data, such as Figures25 ang
b used.in these figures are;

2 segments

2,3,4,8and
he life of the

gment must

ream being
me distance

31. These

The fird byte encountered in the bitsiream is at theTeft end.

Fields whose sizes are fixed, and that are always present, are outlined with narrow lines.

elsewhere, are outlined with heavy lines.

Fields whose sizes are not fixed, or that are not present in al cases, or whose structures are fully described

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.
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7.2 Segment header syntax

7.21 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

Segment n

Segment h
Referred-t

Referred-t

Segment pIge association —see 7.2.6.

Segment d

7.2.2 S

This four-4
429496729
numbering.

7.2.3 S

Thisisal-

Bits 0-5
Bit 6

imber —see 7.2.2.
bader flags—see 7.2.3.
h segment count and retention flags—see 7.2.4.

b segment number fields—see 7.2.5.

talength —see 7.2.7.

bgment number

5 0 through

yte field contains the segment's segment number. The“valid range of segment numbers i
b (OXxFFFFFFFF) inclusve. As mentioned beforenit is possible for there to be gaps in the segment
bgment header flags
pyte field. The bitsthat are defined are shewn in Figure 26 and are described below.

Deferred Pa_ge_

non-retain assts)iczlgtlon Segment type

| !
7 6 5 4 3 2 1 0

Figure 26 — Segment header flags
Segmenttype. See 7.3.
Page'association field Sze. See 7.2.6.

Dafoerred-non-ratamnLf thic hit 1o 1 thic conpmaant 1o flannad ac rbainad ~nlvy by itonlf and

Bit 7

DT CoO IO TCtaT o 11T U T Ot To— LI tHiroS SCYTiCH T T oy ygto oo T et Ict—orry 0y reoc T o 1o

its attached

extension segments, and is flagged as non-retained by the last attached extension segments. An extension
segment is an attached extension segment when it refers to only one segment, and the only segments (if
any) between it and that referred-to segment are other extension segments aso referring only to that

referred-to segment.

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.

724 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.

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

Retain bit Retain bit Retain bit Retain bit Retain bit

far dik for 2 for. 2l for dct ‘vflnri;s
T trt oot HOr—=Htr 3 TOFtrHS

Count of referred-to

Bit 0
Bit 1

Bit 2

Bit 3

Bit 4
Bits5-7

In the case
followed by
Bits 0-28
Bits 29-31

Thefirg on

Bit 0

OfF < o5

segment segment segment segment segment

7 6 5 4 3 2 1 0

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 refers to no other segments, thi
contain O.

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

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

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

Count of referred-to segments. This field may take on values between zero and four. This §
number of segments that thissegment refers to.

where the field isin the long format (at least five bytes long), it is composed of an initial fou
a succession of one-hytefields. Theinitial four-byte field is formatted as follows.

Count of referred=to segments. This specifies the number of segmentsthat this segment refers {o.

I ndi catiomy6flong-form format. This field must contain the value 7.

e-byte fieldfollowing theinitial four-byte field is formatted as follows.

Retain bit for this segment.

5 fiedld must

gments, this

gments, this

gments, this

pecifies the

r-byte field,

Bit 1
Bit 2
Bit 3
Bit 4
Bit 5

Bit 6

Bit 7

Retain hit for the first referred-to segment.
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 theretain 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 Referred-to segment numbers

This field contains the segment numbers of the segments that this segment refersto, if any. The number of valuesin this
field is determrned by the referred-to segment count and retention flags freld Each value is the segment number of a

segment tha
segment nu
long. Other
Otherwise,

7.2.6 S

This field ¢
field may c

A segment
page associ

Thisfield is
page associ

NOTE — Mo
The page ass

7.2.7 S

This 4-byte)

If the segm
valueisint
written (for
shall be dg
segment's d
usesMMR
row count.
segment dal

NOTE - GiVv
thefile by kn

7.2.8 S

mbers. When the current segment's number is 256 or Iess then each referred to segment numpel
vise, when the current segment’'s number is 65536 or |ess, each referred-to segment number(i'stwd
ach referred-to segment number isfour byteslong.

bgment page association

ncodes the number of the page to which this segment belongs. The first page must be number
bntain a value of zero; this value indicates that this segment is not associatéd with any page.

that has a non-zero segment page association may only be referred toby segments having the sa
btion value asit.

one byte long if this segment's page association field sizeflag bit is 0, and is four byteslong if th
tion field sizeflag bit is 1.

5t documents have fewer than 256 pages, so this field has ashort form that can hold values from 0 to 255 in
pciation field for unassociated segments can aso be only@single byte long.

bgment data length
field containsthe length of the segment's@egment data part, in bytes.

ent's type is "Immediate generic region”, then the length field may contain the value Ox FFFF
ended to mean that the length of the segment's data part is unknown at the time that the segme
example in a streaming application such as facsimile). In this case, the true length of the segmer
ermined through examination of the data: if the segment uses template-based arithmetic codi
ata part ends with the two-byte sequence OxFF OxAC followed by a four-byte row count. If

icoding, then the segment's data part ends with the two-byte sequence 0x00 0x00 followed by
The form of encoding used by the segment may be determined by examining the eighteenth
apart, and the end Sequences can occur anywhere after that eighteenth byte.

PN alist of ségment headers in the random-access organisation (see Figure D.2), a decoder can build a map)
owing thelength of the data associated with each segment. This alowsit to perform random access.

bgment” header example

g with lower

is one byte
byteslong.

bd 1", This

me segment

ssegment's

A single byte.

FFFF. This
Nt header is
t's data part
hg, then the
he segment
a four-byte
byte of its

of the rest of

EXAMPLE 1 - A segment header consisting of the sequence of bytes:

isparsed as
0x00

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

follows:
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
0x04

Ox1E 0x05 Thethree segmentsthat it refersto are numbers 2, 30, and 5.
This segment 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:

7.3

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.

02 FD This segment is referred to by some other segment. This is the last reference to the first and eighth of the

nine segments. that it refersto.

01 0Q ... 02 04 The nine segments that it refers to are each identified by two bytes, since\th
number is between 256 and 65535. The segments that it refers to are, in decimal, numbers 256;,2,)30,
514, 515, and 516.

00 0Q 04 01 Thissegment is associated with page number 1025.

Skgment types

Each segmént has a certain type. This type specifies the type of the data associatedhwith the segment. Thist

which otherl segmentsit may refer to, and which other segments may refer to it, Fhese restrictions are detail eg

S segment's
b, 512, 513,

ype restricts
in7.3.1.

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

0

4

6

7

16
20
22
23
36
38
39
40
42
43
48
49
50
51
52
53
62

Symbq| dictionary — see 7.4.2.
Intermediate text region — see 7.4.3.
Immediate text region — see 7.4.3.
Immediate lossless text region —see 7.4.3.
Pattern dictionary — see 7.4.4.
Intermediate halftone region — see 7.4.5.
Immediate hal ftone region — see 7.4:5.
Immjiate losdless halftoneregion =see 7.4.5.

Intermediate generic region—<-see 7.4.6.

Immjiate generic region -+ see 7.4.6.
Immediate |oss essrgeneric region — see 7.4.6.

Intermediate generic refinement region —see 7.4.7.

I mmjiate generic refinement region —see 7.4.7.
Imm

iatelosdess gmr:-rir‘ refinement rmJinn see 7 47

Page information — see 7.4.8.
End of page —see 7.4.9.

End of stripe— see 7.4.10.
End of file—see 7.4.11.
Profiles—see 7.4.12.
Tables—see 7.4.13.

Extension —see 7.4.14.

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

0 Symbol bitmap data

1 Halftone bitmap data

2  Generic bitmap data

3 Metadata

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

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

Bit 0 If thishitis1, it indicates that the segment makes some region of the page |ossless.

Bit 1 If thishit is 1, it indicates that the segment can be drawn immediately into the page bitmap. If thisbit is O,
it indicates that the segment is an intermediate segment. See 8.2.

Bits 2-3 These two bits define a subtype of the primary type:

0 Dictionary

1 Direct Region

2 Refinement Region

For metadala, 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

5

6

The segments of types "intermediate text region”, "immediate text region”, "immediate lossless tgxt region",

"intermedigte halftone region", "immediate halftone region”, "immediate lossless halftone region”, "intermediate generic
region”, "immediate generic region”, "immediate lossless generic region”, "intermediate generic refinement region”,
"Iimmediatg generic refinement region” {and "immediate | ossl ess generic refinement region” are collectively referred to as

The segments of types "intefmediate text region”, "immediate text region”, "immediate lossless tegxt region",
"intermedigte halftone region!, j'immediate haftone region", "immediate losdess halftone region”, "intermediate generic
region”, "immediate generie region”, and "immediate lossless generic region”, are collectively referred tp as "direct

The segments of types "intermediate text region”, "intermediate halftone region”, "intermediate generic fegion”, and
"intermedigte generic refinement region” are collectively referred to as "intermediate region segments’.

Ats—ef—ty i e—text—tegon mmedrate—tosstess - mediate—hatftone region”,
|mmed|ate losdess halftone region”, |mmed|ate generic region"”, |mmed|ate Iossless generic region”, "immediae
generic refinement region”, and "immediate | ossless generic refinement region™ are collectively referred to 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’.

7.31 Rulesfor segment references

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

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

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

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

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

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

ent of type "extension" (type 62) may refer to any number of segiaents of any type, unless the extension
t's type imposes some restriction.

Every regipn segment must be associated with some page (i.e< have a non-zero page association field). "Page

", "end of page" and "end of stripe" segments must be associated with some page. "End of fil¢"' segments
associated with any page. Segments of other types may be associated with a page or not.

isnot associated with any page, then it must not refer to any segment that is associated with any page.

t is associated with a page, then it maycrefer to segments that are not associated with any gage, and to

ment syntaxes

se describes in detail ,the syntax of the segment data part of each type of segment, and how it is to be

ion segment infof mation field

Every regign segment's data part begins with a region segment information field; its format is specified hefe. A region

segment inflormation(field 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

Thisfour-byte field gives the verticd offset in pixels of the bitmap encoded in this segment relative to the page bitmap.

7415 R
This one-by

Bits 0-2

NOTE 1

be used by refinement regions, where the refined-region replaces the region it's refining. Operators such as AND ca
where a portion of the page bitmap-that adready contains data is to be cleared so that another bitmap cgn be written

masking,
there —th
NOTE 2
operators
segment

and extefna combination according to how the final refinement of that intermediate segment will be combined with

help the
Bits 3-7

In other wi
segment.

Fgion segment 11ags
te field is formatted as shown in Figure 29 and as described below.
Reserved External combination
Must be 0 operator
| | H | |
7 6 5 4 3 2 1 0

Figure 29 — Region segment flagsfield structure

five possible combination operators:

0 OR

1 AND

2 XOR

3 XNOR

4 REPLACE

- These operators describe how the segment's bitmap is to be combined with the page bitmap. REPLACE

ink of writing a bitmap through-a:tmask.
- Intermediate region segments are never combined directly with the page, and so their |ocation and external

lecoder produce a.useful sequence of progressive refinements of the page.
Reserved;.must be 0.

1002000 =7

EXAMPLE

LE 4l . oLl i (l L 'l A tla +las + ol N
= 1T HIc I ZCd U TULAllUIT VAauTS AT (ITTUNUTT J- LUV, UV, JU d'U 79, TTITAT TS SSYUITIT U UTSUTTUCS

Externa combination operator. This three-bit field can’take on the following vaues, represeting one of

s intended to

h be used for

combination

are not used. However, these values can still be useful: if a decoder wishes to draw a version of the page before al
have been decoded (for,progressive build-up), then it might want to render intermediate segments; setting the location

the page can

brds, thissregion segment information field describes the sze and location of the bitmap encpded in this

bitmap 100

pixels wide, 200 pixels high, whose top left corner is 50 pixels to the right of, and 75 pixels below, the page's top left

corner.

7.4.2 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 Fi

gure 30 and described bel ow:
Symbol I N . I I N . 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—see 7.4.2.1.4.
SDNUMNEWSYMS—see 7.4.2.1.5.

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

Bitmap  Bitmap e sopuee-

Reserved SDRTEMP- SDRTEMP coding coding AGGINST  BMSIZE SDHUFFDW SDHUFFDH SDREF- SDHUFF
Must be 0 LATE LATE context context . : selection selection AGG
) selection selection
retained used
| | | | | | | | | |
| | | | | | | | | | | | | L
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Figure 31— Symbol dictionary flagsfield structure

Bit 0 SDHUFF

If this bit is 1, then the segment uses the Huffman encoding variant. if\this bit is O, then the spgment uses
the arithmetic encoding variant. The setting of this flag determines how the data in this $egment are
encoded, and may also modify the order in which some of the data-are encoded.

Bit 1 SDREFAGG

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

Bit 2-3 SDHUFFDH sdlection. This two-hit field can take on one of three values, indicating which tgble is 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.

Bits4-5 SDHUFFDW sdlection. This two-bit field can take on one of three values, indicating which tpble isto be
used for SDPHURFDW.

0 TahleB.2
1 TableB.3
3 Usef-supplied table

The,value 2 isnot permitted.
If SDHUFF is 0 then thisfield must contain the value 0.
Bit 6 SDHUFFBM SIZE selection.

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.
Bit 7 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.
Bit 8 Bitmap coding context used.
If SDHUFF is 1 and SDREFAGG is0 then thisfield must contain the value 0.
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Bit 9 Bitmap coding context retained.
If SDHUFF is 1 and SDREFAGG is 0 then thisfield must contain the value 0.
Bits10-11 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.

Bit 12 SDRTEMPLATE

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

Bits13-15  Reserved; must be 0.

7.4.2.1.2 :J‘ylllbu: d;\.’t;ul al y I"\\T f:ayo

This field is only present if SDHUFF is 0. If SDTEMPLATE is 0, it is an eight-byte field, formatted @s shown in
Figure 32 and as described bel ow.

SDATX; | SDATY; | SDATX, | SDATY, | SDATX; | SDATY; | SDATX4 N.'SDATY,

Figure 32 — Symboal dictionary AT flagsfidd structure when(SDTEMPLATE is0O

Byte 0 SDATX;
Bytel SDATY;
Byte 2 SDATX;
Byte3 SDATY
Byte4 SDATX3
Byte5 SDATY3
Byte 6 SDATX4
Byte7 SDATY,

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

SDATX; | SDATY;

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

Byte O SDATX;
Byte 1 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
zZero.

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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Byte 0
Bytel
Byte 2
Byte 3

SDRATX; | SDRATY; | SDRATX, | SDRATY,

Figure 34 — Symbal dictionary refinement AT flagsfield sructure

SDRATX;
SDRATY;
SDRATXj
SDRATY

The AT cod

74214
Thisfour-b

Itisvery us
to allocate

74215

Thisfour-b

NOTE —
exports

symbals.
differeng

74.2.1.6

rdinate X and Y fields are signed values, and may take on values that are permitted according.to.6

Number of exported symbols (SDNUMEXSYM S)
te field contains the number of symbols exported from this dictionary.

eful for the decoder to be able to find out easily how many symbols are present > for example, it
N array of structures before beginning to decode the dictionary.

Number of new symbols (SDNUMNEWSYM S)

te field contains the number of symbols defined in this dictionary:.

SDNUMEXSYM S and SDNUMNEWSYM S are often, but not dways; the same value. For example, if a
tome of the symbols that it imported from dictionaries that it/Tefers to, then the dictionary effectively
Those symbols are reflected in SODNUMEXSYMS but noP in SDNUMNEWSYMS. Ancther possik
e comes from the possibility that a dictionary defines some symbols that it does not export.

Symbol dictionary segment Huffman table selection

Set the val
to the sd

four Huff
supplied t
to by this &
to the order

1) SDHU
2) SDHU
3) SDHU
4) SDHU

If a user-spi
If a user-sp

es of the parameters SDHUFFDH, SDHUFFDW, SDHUFFBM SIZE and SDHUFFAGGINS]
ion fields shown in 7.4.2.1.1, and the talptes segments referred to by this segment. More preci

tables, some may be specified to use some standard table, and some may be specified to
le. The number specified to use a user*supplied table must be equal to the number of tables segm
bgment. These tables segments aré-matched up with the Huffman tables using user-supplied tabl
in which the tables segmentsarereferred to, and the order:

FFDH

FFDW
FFBMSIZE
FFAGGINSKE

.3.5.3.

might want

i ctionary re-
copies those
le source of

I according
iy, of these
use a user-
tsreferred
according

beifiedtable is used for SDHUFFDW, then this table must be capable of coding the out-of-band

be capable

pf\Coding the out-of-band value OOB.

value OOB.

bcified table is used for SDHUFFDH, SDHUFFBM SIZE or SDHUFFAGGINST, then thistaTIe must not

EXAMPLE - If SDHUFFDH and SDHUFFAGGINST are specified to use user-supplied tables, and SDHUFFDW 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.

7422 D

A symbol d
1) Interpr

ecoding a symboal dictionary segment

ictionary segment is decoded according to the fol lowing steps:
et 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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5)

6)

7)
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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.

If the "bitmap coding context retained" bit in the header was 1, then, as described in E.3.8, preserve the current
contents of the arithmetic coding statistics for the generic region and generic refinement region decoding
procedures.

NOTE —[Step 3) is intended to reduce the coding costs of symbol dictionaries. A side-effect of decoding a Symbol|dictionary is
that the prithmetic coding statistics used for coding bitmaps "learn" the approximate statistics of the symboals ir| that symbol
dictionarly. These two steps (3 and 7) alow some limited reuse of these stetistics: the statitics learned when decodir|g the symbol
dictionary, that isthelast symbol dictionary referred to, are used as a starting point for decoding this symmbol dictionary.

Step 7) i$ explicitly present because not every symbol dictionary's arithmetic coding statistics will\be used by another dictionary.
Knowing that they will not be used allows the decoder to discard them, reducing memory usade.

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

Name Value

SOHUFF Asshownin 7.4.2.1.1,

SOREFAGG As shown in 7.4.2.11.

SONUMINSYM S Thetotal number of exported symbols from al the symbal dictionary
segments referred to by this segment.

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

SONUMNEWSYM S As shownin 7.4.2.1.5.

SONUMEXSYM S Asshownin 7.4.2.1.4.

SOHUFFDH See7.4.2.16.

SOHUFFDW See7.4.2.16.

SOHUFFBM SIZE See7.4.2.16.

SOHUFFAGGINST See7.4.2.16.

SOTEMPLATE See7.4.2.11.

SDATX4 See7.4.2.1.2.

SDATY 1 See7.4.2.1.2.

ATX, >ee (.4.2.1.2.

SDATY, See7.4.2.1.2.

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 region segment Huffman flags—see 7.4.3.1.2.

Text regio
SBNUMIN
Text regior

Segment Tefimement AT frags—see 7.4.3. 1.3
STANCES —see 7.4.3.1.4.
segment symbol | D Huffman decoding table — see 7.4.3.1.5.

Region seginent | Text region Text region Text region Text ffegion
information field segment segment segment refinement SBNUMINSTANCES segment gymbol ID
flags Huffman flags AT flags Huffman defoding table
Figure 35— Text region segment datatheader
7.43.1.1 Textregion segment flags

This two-by

tefield is formatted as shown in Figure 36 and as-described below.

SBR-

SBDEF+ TRANS-

SBREF-

TLE\'Y:'E SBDSOFFSET PIXEL SBCOMBOP POSED REFCORNER LOGSBSTRIPS NE SNHUFF

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

Bits0 SBHUFF
If thishit is 1, then the segment uses the Huffman encoding variant. If this bit is O, then the spgment uses
the arithmetic encoding variant. The setting of this flag determines how the data in this $egment 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.

Bits4-5 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
3 XNOR
Bit 9 SBDEFPIXEL
Thisbit containsthe initial value for every pixel in the text region, before any symbols-arédrajn.
Bits10-14 | 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.refinements if SBREFINE is 1. If
SBREFINE is0, thisfield must contain the value 0.
7.43.1.2 Textregion segment Huffman flags
Thisfield igonly present if SBHUFF is 1.
Thistwo-byte field is formatted as shown in Figure 37 and as described below.
Reserved SBHUFF" SBHUFFRDY ~ SBHUFFRDX ~ SBHUFFRDH\) SBHUFFRDW SBHUFFDT SBHUFFDS SBHUFFS
u%t € selectlon selection selection selection selection selection selection selection
| | | | | | | | | | | |
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Figure 37-~Text region Huffman flagsfield structure
Bits0-1 SBHUFFFS sglection. This two-bit field can take on one of three values, indicating which tgble is to be
used for SBHUFFFS.
0 TableB:6
1 TableB.7
3 User-supplied table
Thevalue 2 isnot permitted.
Bits2-3 SBHUFFDS sdlection. This two-bit field can take on one of four values, indicating which table is to be
used for SBHUFFDS.
0 TableB.8
1 TableB.9
2 TableB.10
3 User-supplied table
Bits4-5 SBHUFFDT sdection. This two-bit field can take on one of four values, indicating which table is to be

used for SBHUFFDT.

0 TableB.11
1 TableB.12
2 TableB.13
3 User-supplied table
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Bits 6-7

Bits 8-9

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.

SBHUFFRDH selection. Thistwo-bit field can take on one of three values, indicating which tableisto be
used for SBHUFFRDH.

0 TableB.14
1 TableB.15
3 User-qupplied tahle

Bits10-11

Bits 12-13

Bit 14

Bit 15

74.3.13

This fidd i
Figure 38 a

Thevaue 2 isnot permitted. If SBREFINE is 0 then this field must contain the value O.

SBHUFFRDX sdlection. This two-bit field can take on one of three values, indicating which tgbleisto be
used for SBHUFFRDX.

0 TableB.14
1 TableB.15
3 User-supplied table

Thevaue 2 isnot permitted. If SBREFINE is O then this field mlst contain the value O.

SBHUFFRDY sdlection. Thistwo-bit field can take on one of three val ues, indicating which tgbleisto be
used for SBHUFFRDY .

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.

SBHUFFRSIZE sdlection. If thisfield is 0 then Table B.1 is used for SBHUFFRSIZE. If thisfield is 1
then a user-supplied table is.usett for SBHUFFRSIZE. If SBREFINE is 0 then this field must contain
the value O.

Reserved; must be 0.

[ext region refinement AT flags

5 only present.if'SBREFINE is 1 and SBRTEMPLATE is 0. It is a four-byte field, formatted ps shown in
nd as descritoed bel ow.

SBRATX; | SBRATY; | SBRATX> | SBRATY>

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
segmentsreferred to by this segment. More precisaly, of these eight Huffman tables, some may be specified to use some
standard table, and some may be specified to use a user-supplied table. The number specified to use a user-supplied table
must be eqyal to the number of tables segments referred to by this segment. These tables segments are matched up with
the Huffmah tables using user-supplied tables according to the order in which the tables segments are refefrefl to, and the

order:

1
2)
3)
4)
5)
6)
7)
8)

SBHUFFFS
SBHUFFDS
SBHUFFDT
SBHUFFRDW
SBHUFFRDH
SBHUFFRDX
SBHUFFRDY
SBHUFFRSIZE

If a user-specified tableis used for SBHUFFDS, then thistable must be capable of coding the out-of-band vg ue OOB. If
a user-spegified table is used for SBHUFFFS, SBHUFFDT, SBHUFFRDW, SBHUFFRDH, SBHUFFRDX,

SBHUFFRPY or SBHUFFRSIZE then thistablemust not be capable of coding the out-of-band value OOB

7.4.3.1.7 PBymbol ID Huffman table decoding

Thistableis encoded as SBNUM SYM S symbol 1D code lengths; the actua codesin SBSYM CODES are assigned from

these symbgl ID code lengths using.the agorithmin B.3.

The symbol ID code lengths themselves are run-length coded and the runs Huffman coded. This is very similar to the
"zlib" codefl format documented in RFC 1951, though not identical. The encoding is based on the codgs shown in

Table 29.

Decoding afsymbal tD-Huffman table proceeds as follows:

1
2)
3)

4)

5)
6)

7)

Read thecode lengths for RUNCODEQO through RUNCODE34; each is stored as a four-bit value.

Given thelengths, 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
RUNCODE9 Symbol ID code lengthis 9
RUNCODE10 Symboal ID 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 ID code length is 24
RUNCODE25 Symbol 1D code lengthiis 25
RUNCODE26 Symbol ID code length is 26
RUNCODE27 Symbol 1D code\length is 27
RUNCODE28 Symbol ID«code length is 28
RUNCODE29 Symboal-1D-code length is 29
RUNCODE30 Symbal 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.
RUNCODES33 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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These symbol 1D code lengths might be transmitted as the sequence of bytes, in hexadecimal:

Interpretati
1) Thefir

0x50 0x03 O0x35 0x32 0x53 0x00 O0x00 0x00 0x00
0x00 O0x00 O0x00 O0x00 Ox00 0x00 O0x00 0x35 OxOF

0x8B 0x30 Ox9E 0xB8 Ox5F O0x1D 0xD2 0x83 0x00

bn of this sequence of bytes can be separated into the following three'steps:

st 17 bytes plus thefirgt four bits of the 18th byte assign codedengths to the 35 run codes as folloy
RUNCODEO 5 RUNCODE1 0 RUNCODE2 0
RUNCODE3 3 RUNCODE4 3 RUNCODES5 5
RUNCODE6 3 RUNCODE7 2 RUNCODES 5
RUNCODE9 3 RUNCODE10 0 RUNCODE11 0
RUNCODE12 0 RUNCODE13 0 RUNCODE14 0
RUNCODE15 0 RUNCODE16 0 RUNCODE17 0
RUNCODE18 0 RUNCODE19 0 RUNCODE20 0
RUNCODE21 0 RUNCODE22 0 RUNCODEZ23 0
RUNCQODE24 0 RUNCODE25 0 RUNCODE26 0
RUNCODBE27 0 RUNCODE28 0 RUNCODE29 0
RUNCODE30 0 RUNCODE31 0 RUNCODE32 3
RUNCODE33 5 RUNCODE34 0

VS.

Recall that codes that are not used are assigned a symbol 1D code length of zero.

2) The agorithm 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
110 00

RUNCODE33(0) —that is, RUNCODES33 followed by three bits containing the value 0, indicating a

run of three zero lengths

RUNCODE9

RUNCODEG6

RUNCODE32(0) —that is, RUNCODE32 followed by two bits containing the value 0

010
011
170 10
111100

00
101
11110
00
11101
170 10
010
100

00
011

00

00
DO0O

RUNCODE3
RUNCODE4
RUNCODE32(2)
RUNCODEO
RUNCODE7
RUNCODE9
RUNCODES
RUNCODE7
RUNCODES
RUNCODE32(2)
RUNCODE3
RUNCODEG6
RUNCODE7
RUNCODE4
RUNCODE7
RUNCODE?
Four bitsef padding to fill thelast byte.

4) After interpreting the run codes according to Table 29, the desired sequence of symbol ID code lengthsi

EXAMPLB-2>-This nvnmpln describes how an encoder mighf gmcrnfn an-—encoded Q\Jlmhnl 1D _Huffma

5 decoded.

table. The

symbol ID tableisidentical to that in the previous example.

Suppose that atext region refers to a dictionary containing 32 symbols, and that each symbol is used as follows:

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

id into runs,

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)

Symbol #7 8 6

Symbol #8 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 3?2 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 run of-9 RUNCODE9

Symbol #19 2 8 Length 1 runrof 8 RUNCODES8

Symbol #20 4 7 Length’2 run 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
Using a stapdard Hutfman tree algorithm, the code lengths shown in the "Symbol ID code length" column arg assigned to
the symbol$ (where-a symbol 1D code length of O represents "unused"). Next, those code lengths are groups
as shown in the "Runs" col umn. FO||0WI ng that each run |sexpressed as one or more RUNCODES each ong potentially
with some'e pte—RUNCOBE322)—+epresen ob vy vy

value"2", meanmg Copy the prev| ous symbol ID code length 5 t|mes"

ehcoding the

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
RUNCODE5
RUNCODES
RUNCODE33

11100
11101
11110
11111

RUNCODE3
RUNCODEG6
RUNCODE9

010
100
101

RUNCODE4 011
RUNCODE7 00
RUNCODE32 110

and these Huffman codes are then used to encode the "RUNCODES" column of Table 30:

11111{000

101
100
13000
010
011

RUNCODES33(0)
RUNCODE9
RUNCODE6
RUNCODE32(0)
RUNCODE3
RUNCODE4
11010 RUNCODE32(2)
1]100 RUNCODEQ
00 RUNCODE?
101 RUNCODE9
1]110 RUNCODES
00 RUNCODE?
1J101 RUNCODE5
11010 RUNCODE32(2)
010 RUNGODE3
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:

ISO/IEC 14492 : 2001 (E)

1
2)
3)
4)

Interpret its header, as described in 7.4.3.1.

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

Asdescribed in E.3.7, reset dl the arithmetic coding statistics to zero.

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.

SBIDEFPIXEL Asshownin 7.4.3.1.1.

SBCOMBOP Asshownin 7.4.3.1.1.

THANSPOSED Asshownin 7.4.3.1.1.

RHFCORNER Asshownin 7.4.3.1.1.

SBDSOFFSET Asshownin 7.4.3.1.1.

SBwW As specified by the region{segment bitmap width in this segment's regiop
segment data header.

SBH As specified by the region segment bitmap height in this segment's regign
segment data headex!

SBINUMINSTANCES As shown in7.4.3.1.4.

sBlsTrIPS 2LOGSBSTRIPS

SBNUMSYMS Thetota number of exported symbolsin all the symbol dictionary
segmentsreferred to by this segment.

SBISYM CODES As specifiedin 7.4.3.1.7.

SBISYM CODELEN [log, SBNUMSYMS]

SBISYM S 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.

SBHUFRFDT See7.4.3.16.

SBHWUFFRDW See7.4.3.1.6.

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

Figure 39 —Pattern dictionary header structure

Pattern digtionary flags—see 7.4.4.1.1.
HDPW —ste7.4.4.1.2.
HDPH —sde 7.4.4.1.3.

GRAYMAK —see 7.4.4.1.4.

7.4.4.1.1 Pattern dictionary flags
This one-byte field is formatted as shown in Figure 40 and as described bel ow:
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 1-2 HDTEMPLATE

Thisfield controls the template used to‘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
A | |
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.

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


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

7.4.4.2 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.

ISO/IEC 14492 : 2001 (E)

Table 32 — Parameter s used to decode a pattern dictionary segment

745 H
The data p:

region” ang
syntax of th

7451 H

The data pa
fields show

Region seg
Halftoneré

Name Value
HDMMR Asshownin 7.4.4.1.1.
HDTEMPLATE Asshownin /.44 1T
HDPW Asshownin 7.4.4.1.2.
HDPH Asshownin 7.4.4.1.3.
GRAYMAX Asshownin 7.4.4.1.4.

alftone region segment syntax

alftone region segment data header

N in Figure 41 and described bel ow.

brts of all three of the halftone region segment types ("intermediate halftone region
"immediate lossess halftone region") are coded identicaly, but are acted upon differently, see8.2. The
ese segment types data partsis specified here.

rt of a halftone region segment begins with a halftone fegion segment data header. This header

Region segment Halftone région
information field segment flags

Halftone grid
position and size

Halftone grid
step sizes

ment infor mation field —see 7.4.1.

pgion segment flags—see 7.4.5.1.1.

Halftone gfid position and size—see 7.4.5.1.2.

Halftone gfidwector —see 7.4.5.1.3.

Figure 41~ Halftone region segment data header structure

7.45.1.1 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 3 2 1 0

Figure 42 — Halftone region segment flags field structure
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Bit 0

Bits 1-2

Bit 3

Bits 4-6

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.

HCOMBOP

Bit 7

7.45.1.2
Thisfiedd

Itisformatted as shown in Figure 43 and as described below.

HGW — seg
HGH —see
HGX —see
HGY —see

Thisfield has five possible values, representing one of five possible combination operators:

0 OR

1 AND
2 XOR
3 XNOR

4 REPLACE
HDEFPIXEL
Thishbit containstheinitial value for every pixel in the halftoneregion, before any patterns are|drawn.

Halftone grid position and size

bscribes the location and size of the grid of gray-scalevalues. See Figure 24 for an illustration of these values.

HGW HGH HGX HGY

Figure 483=Halftone grid position and sizefield structure

p7.45.1.2.1.
7.45.1.2.2:
7451528
145124,

745121

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.

7.45.1.2.3
Thissigned

745124

Horizontal offset of thegrid (HGX)
four-byte field contains 256 times the horizontal offset of the origin of the halftone grid.

Vertical offset of thegrid (HGY)

This signed four-byte field contains 256 times the vertical offset of the origin of the halftone grid.

68

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


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

ISO/IEC 14492 : 2001 (E)

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 —Seq7.45.1.3.2.

7.45.1.31| Horizontal coordinate of the halftone grid vector (HRX)
This unsigned two-byte field contains 256 times the horizontal coordinate of the halftone grid vector.

7.45.1.32| Vertical coordinate of the halftone grid vector (HRY)
This unsigned two-byte field contains 256 times the vertical coordinate of the halftonggrid vector.

7.45.2 Dgcoding a halftoneregion segment

A halftone fegion segment is decoded according to the following steps:

1) Interpret its header, as described in 7.4.5.1.

2) Decodg (or retrieve the results of decoding) the referred-to pattern dictionary segment.
3) Asdegcribedin E.3.7, reset al the arithmetic coding statistics to zero.

4) Invokg the haftone region decoding procedure describedlin 6.6, with the parametersto the halftone regipn decoding
procedure set as shown in Table 33.

Table 33 — Parameters used to decode a halftone r egion segment

Name Value

HBW As specified by the region segment bitmap width in this segment's regioh
segment data header.

HBH As specified by the region segment bitmap height in this segment's regign
segment data header.

HNMR Asshownin 7.4.5.1.1.

HTEMPLATE Asshownin 7.4.5.1.1.

HENABLESKIP Asshownin 7.4.5.1.1.

HOMBOP Asshownin 7.4.5.1.1.

HDEFPIXEL Asshownin 7.4.5.1.1.

HGW Asshownin 7.451.2.1.

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
information field segment flags segment AT flags

Figure 45— Generic region segment data header structure

Region segment information field —see 7.4.1.
Generic refion segment flags—see 7.4.6.2.
Generic refion segment AT flags—see 7.4.6.3.

7.4.6.2 Genericregion segment flags
This one-byte field is formatted as shown in Figure 46 and as described below.

Reserved
Must be O

TRGDON GBTEMPLATE MMR

Figure 46 — Generic region segment flagsfield structure

Bit 0 MMR
Bits 1-2 GBTEMPLATE

This field specifies the template used for template-based arithmetic coding. If MMR is 1 then this field
must contaifthe value zero.

Bit 3 TPGEON
Thisfield specifies whether typical prediction for generic direct coding is used.

Bits 4-7 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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Bytel
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Byte5
Byte 6
Byte7
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GBATX;
GBATY;
GBATX,
GBATY,
GBATXj
GBATY;
GBATX4
GBATY,

If GBTEM PLATE |s 1 2 or 3 itisa twc}byte fleld formatted as shown in F|gure48 and as descnbed below. If

GBTEM P2

Zero.

Byte O
Bytel

The AT cod

7.4.6.4

A genericr
1) Interpn
2) Asdeq

3) Invokg
proced

D

GBATX; GBATY;

Figure 48 —Genericregion AT flagsfield structure when GBTEMPLATE isnot 0

GBATXy
GBATY;

ecoding a generic region segment

bgion segment is decoded according to the fellowing seps:

et its header, asdescribed in 7.4.6.1

cribed in E.3.7, reset dl the arithmetie’coding statistics to zero.

ure set as shown in Table 34.

Table34'— Parameter s used to decode a generic region segment

rdinate X and Y fields are signed values, and may take.on values that are permitted according to Figure 7.

Name Value

MMR Asshown in 7.4.6.2.

GBTEMRLATE Asshownin 7.4.6.2.

THGDON Asshown in 7.4.6.2.

USESKIP 0

GBW As specified by the region segment bitmap width in this segment's region
segment data header.

GBH As specified by the region segment bitmap height in this segment's region
segment data header.

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 plarts of al three of the generic refinement region segment types ("intermediate generic refinement region”,
"Iimmediatg generic refinement region” and "immediate | ossess generic refinement region™) are coded identigally, but are
acted upon flifferently, 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 lheader. This
header contginsthe fields shown in Figure 49 and described bel ow.

Generic
. refinement Generic refinement
Region segment ) .
; e region region segment
information field
segment AT flags
flags

Figure 49 — Generic refinement r egion'segment data header structure

Region segment information field —see 7.4.1.
Generic refinement region segment flags <see 7.4.7.2.

Generic refinement region segment AT fflags—see 7.4.7.3.

7.4.7.2 Genericrefinement region segment flags
This one-byte field is formatted’as shown in Figure 50 and as described below.

Reserved GRTEMP-
Must be O TPGRON LATE
1 1 1 ! 1 ! ‘
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

Byte 0 GRATXy

Byte 1l GRATY;

Byte 2 GRATX,

Byte 3 GRATY,

The AT cogrdinate X and Y fields are signed values, and may take on values that are pefmitted according to §.3.5.3.

7.4.7.4 Rgferencebitmap selection

If this segment refers to another region segment, then set the reference bitmap GRREFERENCE to belthe current

contents of the auxiliary buffer associated with the region segment that-this segment refersto.

If this segnent does not refer to ancother region segment, set GRREFERENCE to be a bitmap containing the current

contents o;]l‘;he page buffer (see clause 8), restricted to the afea’of the page buffer specified by this segmjent's region

segment information field.

7.4.7.5 Dgcoding a generic refinement region segment

A genericréfinement region segment is decoded according to the following steps:

1) Interpret its header as described in 7.4,7:1. If this segment does not refer to another region segment ther] its external
combimnation operator must be REPLACE. If it does refer to another region segment, then this segnient's region
bitmap size, location, and external~eombination operator must be equal to that other segment's region pitmap size,
locatidn, and external combipation operator.

NOTE - The requirement that the locations and external combination operators match is present to assist decoders that
want to produce ‘images of a page that is only partially decoded: it ensures tha the fina location|and externa
combination ‘eperator is known for al intermediate segments. These partially-decoded page images arg outside the
scope of thig Recommendation | International Standard.

2) AsdegcribedinE.3.7, reset adl the arithmetic coding statistics to zero.

3) Determing the buffer associated with the region segment that this segment refersto.

4) Invoke the generic refinement region decoding procedure described in 6.3, with the parameters to the generic
refinement region decoding procedure set as shown in Table 35.

7.4.8 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 SeeF-4-F-3-
GRATX, See7.4.7.3.
GRATY, See7.4.7.3.
GRATY, See7.4.7.3.
\ \ \ \ \ \ \ \ \ \ \ \ \
Page Phge
Page pitmap width Page bitmap height Page X resolution Page Yiresolution segment strfping
flags information

Figure 52 — Page infor mationnsegment structure

Page Y resplution —see 7.4.8.4.
Page segmént flags— see 7.4.8.5.
Page stripipg information — see 7.4.8.6,

Thefirst segment that is associ ated with any page must be a page information segment.

7.4.8.1 Pgage bitmap width

Thisis a folir-byte valug.containing the width in pixels of the page's bitmap.

7.4.8.2 Ppage bitmap height

Thisis afour-byte value containing height in pixels of the page's bitmap. In some cases, this value may not be known at
the time that the page information segment is written. In this case, this field must contain Ox FFFFFFFF, and the actual
page height may be communicated later, once it is known.

7.4.8.3 Page X resolution

This is a four-byte value containing the resolution of the 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 Page is eventualy lossless. If this bit is O, then the file does not contain a lossess representation of the
origina (pre-coding) page. If this bit is 1, then the file contains enough information to recpnstruct the
original page.

Bit 1 Page might contain refinements. If this bit is 0, then no refinement region segment maybe asspciated with
the page. If thishitis 1, then such segments may be associated with the page.

Bit 2 Page default pixel value. This bit contains the initia value for every pixel in the page, before any region
segments are decoded or drawn.

Bits 3-4 Page default combination operator. This field has four possible values, representing one of fpur possible
combination operators:

0 OR

1 AND

2 XOR

3 XNOR

This operator is used to merge overlapping region” segments, and also to combine region segments with
the page default pixel value.

Bit 5 Page requires auxiliary buffers. If this bit\is'0, then no region segment requiring an auxiliary| buffer may
be associated with the page. If thisbit (8,1, then such segments may be associated with the pagg.

Bit 6 Page combination operator overridden. If this bit is O, then every direct region segment asspciated with
this page must use the page's(default combination operator. If this bit is 1, then direct region segments
associated with this page may.use any combination operators.

NOTE 1} All region segments, except'for refinement region segments, are direct region segments. Because of the|requirements
in7.4.7.9 redtricting the external combination operators of refinement region segments, if this bit is 0, then refinement region
segmentg associ ated with this pagethat refer to no region segments must have an external combination operator of REPLACE, and
all other|region segments associated with this page must have the externad combination operator specified by this|page's "Page
default cpmbination operator.

NOTE 2} If &l the direet-region segments associated with a page use the same combination operator, then it is possiple to reorder
them to pome extent.(it s not possible to switch the relaive order of any refinement segment). If some of them|use different
combinalion operaters, then the decoder is unable do any such reordering. Furthermore, the decoder cannot tell from the segment
headers yhether any such non-default combination operators are used in the page, so this bit indicates that reordgering may be
possible|if the:decoder wishesto perform it.

Bit 7 —Resgrvedmustbeo:

7.4.8.6 Page striping information

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 end of page segment has no associated data. Its segment data length field must be zero.

The last segment that 1s associated with any page must be an end of page segment. Each page must have exattly one end
of page segnent associated with it.

If a page's height was originally unknown, then there must be at least one end of stripe segment associated with the page.
In this case| the end row of that last stripe is the last row of the page bitmap and no region segment may octur between
the last end|of stripe segment and the end of page segment.

7.4.10 Epd of stripe segment syntax

An end of $tripe segment states that the encoder has finished coding a portion ef\the page with which the segment is
associated, fand 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 thatq¢ow; 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.
NOTE 1}~ In some cases, the decoder may only have alimited amount 6f/buiffer memory for the page bitmap, smallef than the size
of the pgge. The decoder needs to be told when it is able to outputsthe current buffer contents and clear the buffef for the next
stripe of fhe page.

The end row specified by an end of stripe segment mugt ligbelow any previous end row for that page.

A page whqgse height was originally unknown must ceritain at least one end of stripe segment.
NOTE 2}~ An end of stripe segment is used to commiuni cate 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.

NOTE 3} If a stripe boundary breaks atine'of text into two parts, atop part and a bottom part, the characters straddlling the stripe
boundary are also broken. One way of handling these straddling charactersisto code them with a generic region, or fo add the top
hal ves arjd bottom halves to a symbigl dictionary and use those top and bottom halves as other symbols.

However, if the encoder has miore buffer space than the decoder, a more efficient encoding method is possible: thg encoder can
(temporgily) ignore the stripe boundary, and generate a list of symbol instances, and a symbol dictionary. It can then encode a
text region in each stripe; the first text region contains al the symbol instances that affect the portion of the page abpve the stripe
boundary; the second textregion contains al the symbol instances that affect the portion bel ow the stripe boundary.

This megns that some symbol instances appear twice, both times using the same symbol in the symbol dictionafy. The first
appear encodesthe top half of the character, where the bottom half is clipped off by the drawing rules used in tie text region
decoding procedure. The second appearance likewise encodes the bottom half of the character: the entire character igencoded, but
the top hHlf\iSclipped off. Thus, this encoding method reduces the amount of symbol dictionary data required.

7411 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 extensgn segment's data begins with a extension header:

Extension fype: This is a four-byte field which contains an identification of the type of data thatyare prsent in the
extension sggment:

The three most significant bits of this field have special meaning:

Bit 29 Reserved. Future revisions of this Recommendation | International Standard may define extension types;
extension types may also be registered by other parties. Other parties.miay register only extgnsion types
with this bit equal to O; all extension types having bit 29 equal to.1'arereserved for futurerevisions of this
Recommendation | International Standard.

Bit 30 Dependent. If this bit is 1, then the coding of the data indhe extension segment is dependent pn the exact
encoding of the data in the segments that the extension.segment refers to. Any file manipulation program
that modifies those referred-to segments needs to modify this extension segment's data corresgondingly; if
it does not understand the extension segment (dueto not recognising its extension type), andfif it isnot a
necessary extension segment, then the segment. should be del eted.

EXAMPLH - 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 any-decoder that does not know how to parse extensions of thjs extension
segment's type will not be able te‘correctly decode thefile to produce the intended decoded pagje images.

NOTE —[Thisisintended to facilitate future ©tensions to JBIG2, such as coding improvements. If this bit is 1, then & decoder that
does not junderstand the extension knows that it has encountered data necessary to the correct decoding of the page that it cannot
handle. ffor example, an extenson segment containing a region that is coded with some new method would he flagged as
"necessaly”, as without that region the page image is not complete. Another example might be an extension segmen{ containing a
set of colours that should be applied to the symbols on the page as they are drawn.

If the "necessary” hit is 1, then the "reserved" bit must also be 1.

The remainder of thé extension segment's data immediately follows the extension type field, and is formatted in some
way particlar to.thetype of extension.

7.4.15 Defined extension types

The following extension types are currently defined.
0x20000000 Single-byte coded comment. See 7.4.15.1.

0x20000002 Multi-byte coded comment. See 7.4.15.2.

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.

ITU-T Rec. T.88 (2000 E) 77


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

ISO/IEC 14492 : 2001 (E)

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
Aut hor

An Illustrated History of False Teeth
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 |11
75 73 74 72 61 74 65 64 20 48 69 73 74 6F 72 79 ustrated H story
20_6F 66 20 46 61 6C 73 65 20 54 65 65 74 68 00 of False Teeth
41 75 74 68 6F 72 00 54 68 65 20 42 69 67 20 43 Author.The Big|C
68| 65 65 73 65 00 00 heese. .

7.4.15.2 Multi-byte coded comment

A multi-by]
extension
(UCS-2). E
additional d

8 P

D

Thisclause
when decod
not perform

8.1

Here we de
once, aslon

In the folloying description, we will assume for-simplicity that the decoder has a sngle page buffer, auxilial

be used wh
long asthey

At the end ¢f the decoding process, the page buffer contains the result of decoding the page.

Each auxili
the top left
directly intd

Thediction

e coded comment extension segment is formatted in the same manner as a single-byte codg
bgment, except that the individual characters each occupy two bytes, in the | SO/NEC 10646-1:19
pch element of each pair in the comment is terminated by a 0x0000 and\the final pair is foll
x0000.

age M ake-up

ecoder model

describes the result that a decoder conforming to thisRecommendation | International Standard d
ing a page. It doesthis by specifying a set of stepsthat produce the correct result; a conforming d
these exact steps, but shall produce the same result asif the steps had been followed.

scribe only the steps taken to decode a sipgle page. A conforming decoder may operate on multi
g asit produces the correct final result for each page.

le decoding that page, and additional dictionary memory. Decoders with other components arej
produce the same page buffen as this abstract decoder does.

bry buffer has a locatien associated with it; thislocation isthe location of the buffer’s top | eft pixe
pixe of the page buffer. Some region segments require the use of auxiliary buffers; others can
the page buffer: See 8.2 for details on how combinations of image segments are to be interpreted

bry memaory’ contains the information obtained by decoding dictionary segments.

d comment
b3 encoding
bwed by an

hall produce
ecoder need

ple pages at

y buffersto
allowed, as

, relative to
be decoded

8.2 P

Thefinal bitmap for each page is coded by zero or more region segments associated with that page. Each region segment
describes some of the contents of arectangular region of the page. Since these regions of the page may overlap, and since
some parts of the page might be described at multiple levels of refinement, it 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.

pyeimage composition

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)

a)

b)

c)

d)

6)

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.

Alternately, when the page height is unknown, the decoder may use a fixed-size buffer whose height is equal to
the page’ s maximum stripe height. As each end of stripe segment IS encountered, the decoder can pfint, or copy

Fill thT page buffer with the page’ s default pixd value.
Fetch

Thefo

to some other location, all the rows in this buffer up to and including the stripe's end row, ther el
in preparation for the next stripe. The decoder may follow this strategy whenever the page is\stri ped
page height is known beforehand.

NOTE — The steps below can be followed regardless of which striping strategy is followed)The restriction
striping ensure that once an end of stripe segment is seen, no part of the page above or.0n'that stripe’s en
modified, and so the presentation below is phrased in terms of a page buffer that isthe full size of the pag
the page’ s height is not known initialy.

he next region segment associated with that page.
lowing cases exist:

The region segment is an immediate direct region segment. In this case, decode the region segmen
of decoding the region segment is a bitmap; combine:this bitmap with the current contents of the
using the region segment’ s combination operator.

The region segment is an intermediate direct région segment. In this case, allocate a new auxiliary |
the size and location specified in the segment’s region segment information field. This buff
iated with the region segment. Decode the region segment, placing the resulting bitmap into
ffer.

The region segment is an immediate refinement region segment that refers to no other segments.
the region segment is acting as-a refinement of part of the page buffer. Perform the refinement accg
rggion segment on the part of the page buffer specified in the region segment, according to the da
the refinement regionysegment. Thisreplaces a part of the page buffer with arefined version.

The region segment’is an immediate refinement region segment that refers to another region s
ofher region segment must be a previously occurring intermediate region segment that has ng
refinementfégion segment refer to it. The other region segment thus has an auxiliary buffer associ
Npte that-the other region segment may itself be an intermediate refinement region segment.
refinement operation on that auxiliary buffer, according to the data contained in the current regi

the buffer
| even if the

s imposed by
d row can be
e, even when

. The result
page buffer,

uffer, using
is initially
e auxiliary

n this case,
rding to the
a contained

hment. This
t yet had a
pted with it.
Perform the
bn segment,

dCombine the resulting buffer with the page buffer using the current region segment’s combinati

bn operator,

at the location associated with the auxiliary butfer. 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.

7)

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:

*  Segment 3, an immediate |ossless text region segment whose external combination operator is OR;

The resulting page bitmap can be obtained by decoding segments 3, 4 and 6, and drawing each onet-its spedified region
location, ugng OR, into a bitmap initially containing O everywhere. Note that the order in which'these three Segments are
decoded anfl drawn does not affect the resulting page bitmap. Also, if segment 3 has an interhal combinatior| operator of
OR and a default pixel value of O, then it may be drawn by simply drawing the symbol.instances directly ifto the page
buffer; it i not necessary to decode it into a temporary bitmap then draw that bitmap-into the page buffer. A similar

EXAMPLH 3 — The page information segment for page 2 specifies that the page-default combination operatgr is OR and
the page default pixel valueis 0. The region segments associated with page 2'are, in order:

*  Segment 7, an intermediate text region segment;
*  Segment 8, an intermediate generic bitmap region segment;

*  Segment 13, an immediate generic bitmap refinement region-segment whose external combination opgrator is OR
that refers to segment 8;

*  Segment 19, an immediate text region segment\whose external combination operator is OR;
*  Segment 22, an immediate generic bitmap‘region segment whose external combination operator is OR.

1
2)
3)

4) the refined

5) the refined

6)
7)

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 step-by-step description above is intended to specify only the results of the decompression. A conforming decoder
may take any stepsit desires, as long as the final page buffer is the same as would have been obtained by following the

steps.

EXAMPLH 5 — A decoder might notice that an intermediate region segment refers to a region of the\page that is not
overlapped |by any other region segment, and so might not actually allocate an auxiliary buffer for that regipn segment,
but might yse the page buffer immediately. It can do this only if it is sure that this will not change the fingl results 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
IARDX Used to decode the delta X position of symbol ingtance refinements
IARDY Used to decode thededlta'Y position of symbol ingtancetefinements
IARI Used to decode the R bit of symbol instances

Each of trl;ﬁdis used to decode integer values (which may~include the out-of-band value OOB). The cqding for an
integer is on adecision tree.

An invocatfon of an arithmetic integer decoding precedure involves decoding a sequence of hits, wherg each bit is
decoded ugng a context formed by the bits decoded previoudly in this invocation. Each context for each arithmetic
integer decpding procedure has its own adaptive probability estimate used by the underlying arithmetic coder, described
in Annex E| The sequence of bits decoded is interpreted to form a value.

Table A.1lisused by al the arithmetic integer decoding procedures except for AID.

A2 Procedur e for deeoding values (except 1AID)

The flowchprt in Figure A;1'is used as part of the decoding procedure. It produces two values, V and S Thefesult of the
integer aritmetic decoding procedureis equal to:

« VIifSF0
e Vif§=¥andV>0
+ OOBifS=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 ‘
v
V = next 2 bits }7
1
Decode a bit V = (next 4 bits) + 4 }7
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 ‘
|
y

( Return V, S )

T0828900-99/d18

Figure A.1 —Flowgchart for the integer arithmetic decoding procedures (except 1AID)
3) After gach hit is decoded: If PREV < 256 et:

PREV = (PREV << 1) ORD

Otherwise 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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Table A.1-Arithmeticinteger decoding procedure table

EXAMPLE
e SatC
Suppo;

 Using
 Using
 Using

 Using
 Using
 Using
e Thes
value

A context
arithmetic i

A3 T

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 UTTI0 + (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

—Aninvocation of IADW might go as follows:

to "IADWO000000001". This identifies a particular adaptive probability estimate identified. D
be the val ue decoded (D) isO.

CX = ADW000000010, decode a bit; suppose the valte decoded is 1.
CX = ADW000000101, decode a bit; suppose the valte decoded is 0.
CX = ADW000001010, decode a bit; supposethe value decoded is 1.
CX = ADW000010101, decode a bit; suppese the value decoded is 0.
CX = ADW000101010, decode a bit; stppose the value decoded is 0.
CX = ADW001010100, decode.a bit; suppose the value decoded is 0.

quence of bits decoded so fariis 0101000. According to Table A.1 and Figure A.1, this corresponds to the
12 (S=0, V=12), which isthe result of thisinvocation of IADW.

s identified by an arithmetic integer decoding procedure name and a sequence of nine hits.
hteger decoding precedure requires 512 bytes of storage for its context memory.

he | Al D décoding procedure

ng preceddre is different from al the other integer arithmetic decoding procedures. It uses
ipns of theval ues being decoded, and does not limit the number of previ ously decoded bits used 3

The procedure for decoding an integer using the |AID decoding procedure is as follows:

1) Set:

PREV =1

2) Decode SBSYM CODELEN bhitsasfollows:

a) Decode a bit with CX equa to "IAID + PREV" where "+"

SBSYMCODELEN + 1 bits of PREV are used.
b) After each hit isdecoded, set:

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 number of contexts required is 2SBSYMCODELEN “which is less than twice the maximum symbol I1D. Thus, the
amount of memory needed for contexts can be calculated from the number of symbals, and is typically no more than two
bytes per symboal.

EXAMPLH — Suppose that SBSYM CODELEN = 3. An invocation of IAID might go asfollows:

»  Using the adaptive probability estimate identified setting CX equal to "IAID0001", decode ait. Suppase the value
decoded is 0.

* Using CX =1AID0010, decode a bit; suppose the value decoded is 1.
* Using CX =1AID0101, decode a bit; suppose the value decoded is 0.

o At thi$ point, PREV = 1010. Apply Step 3); PREV is now 010. Thus ‘the result of this invocation pf the IAID
decodipg procedure isthe value 010, or (in decimal) 2.

The contex} identification used here depends on the value of SBSYMCODELEN. In all cases the arithmetic coder
contexts will be reset in between changes of SBSYMCODELEN: SBSYMCODELEN never changeq during the
decoding of| a single segment (but may change between segments),
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Annex B

Huffman Table Decoding Procedure
(Thisannex forms an integral part of this Recommendation | International Standard)

B.1 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 to encode a single value, or a value from a specified range. A table may optionally be able to code for an OOB,

which is an out-of-band signal to the decoding procedure using the table.

B.2 Clodetable structure

Figure B.1 ghows the interna structure of an encoded Huffman table. It consists of a set of table lines, ea
describes the encoding for a range of numerical values. There are also, potentially, two specialvadditional tal]
encode "ogen-ended" ranges. The smallest value that can be encoded in a table described accord
Recommenflation | International Standard is —2147483648 (—231) and the largest value is 2147483647 (231 -
ranges are ot really open-ended. There is also, potentially, an additional special table line that encodes an
value OOB

Code table flags

Code table lowest value

Code table highest value

First table line

Second table line

Liast table line

Lower range table line

Upper range table line

Out-of-band table line

Figure B.1 — Coded structure of a Huffman table

Each table fine specifiesthe length of the prefix that is associated with it and the number of bits that follow t
encode a vd ue.

ch of which
le lines that
ing to this
1), so these
out-of-band

hat prefix to

A decoder cliecodi ng an encoded Huffman table shall decode the table that is produced by the following steps:

1) Decodethe codetable flags field as described in B.2.1. This sets the values HTOOB, HTPS and HTRS.
2) Decode the codetable lowest value field as described in B.2.2. Let HTLOW be the val ue decoded.

3) Decode the codetable highest value field as described in B.2.3. Let HTHIGH be the value decoded.

4) St

CURRANGELOW = HTLOW
NTEMP =

|
o

5) Decode each table line as follows:
a) Read HTPS hits. Set PREFLEN[NTEMP] to the value decoded.
b) Read HTRS hits. Let RANGELEN[NTEMP] be the value decoded.
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c) Set
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[NTEMP] = HTHIGH - 1

NTEMP - NTEMP + 1

Thisigthe lower range table line for this table.
8) Read HITPS hits. Let HIGHPREFLEN be the value read.
9) Set:
PREFLEN[NTEMP] = HIGHPREFLEN
RANGELEN[NTEMP] = 32

RANGELOW[NTEMP] = HTHIGH
NTEMP - NTEMP + 1

Thisi$ the upper rangetable line for thistable.

10) If HTQOB is 1, then:
a) Rpad HTPSbits. Let OOBPREFLEN be the val ue read.
b) Set:

PREFLEN[NTEMP] *=. OOBPREFLEN
NTEMP = NTEMP + 1

Thisisthe out-of-band table line for this table. Note that there is no range associated with this valug.
11) Createlthe prefix codes using the algorjthm described in B.3.

B.21 Cpdetableflags

This one-byte field has the fol lowing bits defined:

Bit 0 H|TOOB. If this bit(s i, the table can code for an out-of-band value.
Bits 1-3 Number of bitsused in code table line prefix size fields. The value of HTPS is the value of thisfield plus one.
Bits4-6 Number of hits used in code table linerange size fields. Thevalue of HTRS is the value of thisfield plus one.
Bit 7 Reserved; must be zero.

B.2.2 Codetable fowest value

Thissigned four-byte field is the lower bound of the first table line in the encoded table.

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]

(FIRSTCODE[CURLEN — 1] + LENCOUNT[CURLEN - 1])
CURCODE = FIRSTCODE[CURLEN]
CURTEMP = 0

b) While CURTEMP < NTEMP, perform the following operations:

i)

x 2

If PREFLEN[CURTEMP] = CURLEN, then set:

CODES[CURTEMP] = CURCODE
CURCODE = CURCODE + 1

Set CURTEMP = CURTEMP + 1

CURLEN

CURLEN + 1

After this algorithm has executed, then table line number | has been assigned.a PREFLEN([I]-bit long code,

isstored in

line has not|been assigned any code.

B.4 Using a Huffman table

To decode

value using a Huffman table, perform the fol|owing steps:

1) Read gne bit at a time until the bit string read matches the code assigned to one of the table lines. S

forms

b prefix of any other code, thisis possibleldzet | be the index of the table line whose code was dec

2) Read RANGELEN([I] bits. Let HTOFFSET e the value read.
3) IfHTQOB is1 for thistable, and tabletine | isthe out-of-band table line for thistable, then set:

HTVAL = OOB

4) Othervisg, if tableline | isthielower range table linefor thistable, then set:

HTVAL

RANGELOWI[I] — HTOFFSET

5) Otherise, set:

The value

HTVAL

RANGELOW([I] + HTOFFSET

vhose value

the PREFLEN][1] low-order bits of CODES]1], unless PREFLEN[H] was equal to zero, in which cgse that table

hce no code
bded.

value OOB.
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:

HTOOB = 0
HTPS = 2
HTRS = 5
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*  Thecodetablelowest value field, and the value of HTLOW, 0x00000000.

*  Thecodetable highest value field, and the value of HTHIGH, 0x00010110 (which, in decimal, is 65808).

» Three table lines, the lower range table line and the upper range table line. These are encoded as the

sequence of

bytes 0x49 0x23 0x81 0x80, or in binary, 01001001 00100011 10000001 10000000. This 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.

00 The lower range table line has a prefix length of 0, indicating that thistable line isnot used.

11 The upper range table line has a prefix length of 3.
0000000 Seven bits of padding, to fill out thelast byte.

After decoding these table lines, the value of NTEMP is5. The arrays PREFLEN, RANGELEN, and RANGE
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 M0 X 11

where the X indicates that the lower range table line hasinot been assigned a code. Thus, the prefix code (
4-hit field gncoding a value from 0 to 15; the prefix code'10 precedes an 8-hit field encoding a value from 16
so on, as shpwn in Table B.1.

B.5 Standard Huffman tables

This subclalse presents some standard Huffman tables that may be used in the appropriate contexts without
previoudy fransmitted.

| OW are:

precedes a
to 271, and

having been

Each Huffnpan table is preseritedin a form that is similar to the table transmission described above. The tabl
HTOOB isgiven (HTPS, HT RS, HTLOW and HTHIGH can be derived from the values in the table), folloy
, giving thé range to which that table line applies, the table line prefix length, table line range len
ing (prefix)and base value) for that table line; these table lines are followed by alower and uppet

e parameter
ed by alist
gth, and the
range table

line, and optionally(depending on HTOOB) an out-of-band table line. In some cases the lower or upper range table lines
are omitted|fren-the tables as shown, indicating that these table lines are not used in the table (and would bg assigned a

PREFLEN yaluge of zero).

TableB.1 —Standard Huffman 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...0 & 32 A0+ A—FE-ercoaded-as32-BHsS
0o0oB 6 111111

TableB.3 — Standard Huffman table C
HTOOB
VAL PREFLEN RANGELEN Encoding
-256...-] 8 8 1111120 + (VAL + 256) encoded as 8 bits
0 1 0 Q
1 2 0 10
2 3 0 110
3...10 4 3 1110 + (VAL - 3) encoded as 3 bits
11...74 5 6 11110 + (VAL —11) encoded as 6 bits
—0 ., .25 8 32 11111111 + (—257 — VAL) encoded as 32 bits
75...0 7 32 1111110 + (VAL —75) encoded as 32 hits
0o0oB 6 111110
TableB.4 — Standar d Huffman table D

HTOOB
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...11 4 3 1110 + (VAL - 4) encoded as 3 bits

12...75 5 6 11110 + (VAL — 12) encoded as 6 bits

—o0 .. .—25p 7 32 1111111 + (—256 — VAL) encoded as 32 bits

76... 0 6 32 111110 + (VAL — 76) encoded as 32 bits
TableB.6 — Standard Huffman table F

HTOOB 0

VAL PREFLEN RANGELEN Encoding

—2048. .. 41025 5 10 14100 + (VAL + 2048) encoded as 10 bits

-1024 . ..4513 4 9 4000 + (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...-45 5 6 11101 + (VAL + 128) encoded as 6 bits

64 ... -3 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. .. 254 3 7 010 + (VAL — 128) encoded as 7 bits

256 . .. 511 3 8 011 + (VAL — 256) encoded as 8 bits

512...1043 4 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...31 T 5 TOTT + VAL encoded &5 5 bits
32...63 5 5 11100 + (VAL — 32) encoded as 5 hits
64...127 5 6 11101 + (VAL —64) encoded as 6 bits
128. .. 254 4 7 1100 + (VAL — 128) encoded as 7 bits
256. .. 511 3 8 001 + (VAL — 256) encoded as 8bits
512...1023 3 9 010 + (VAL —512) encoded as 9 bits
1024 . . . 2947 3 10 011 + (VAL — 1024) endoded as 10 bits
—o ... -10P5 5 32 11110 + (1025 ~ VAL) encoded as 32 bits
2048... 5 32 11111 + (VAL ~2048) encoded as 32 bits
Table B.8 — Standard Huffman tableH

HTOOB 1
VAL PREFLEN RANGELEN Encoding
-15...-8 8 3 11111100 + (VAL + 15) encoded as 3 bits
—7...-6 9 1 111111100 + (VAL + 7) encoded as 1 bit
-5...4 8 1 11111101 + (VAL + 5) encoded as 1 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
4...19 3 4 100 + (VAL —4) encoded as 4 bits
20...21 6 ! 133044+ (AL —20)-enceded-asd-bit
22...37 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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TableB.9 — Standar d 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 hits
-11...-8 8 2 11111101 + (VAL + 11) encoded as 2 hits
—7...-6 9 1 111111101 + (VAL + 7) encoded as 1 hit
-5...4 7 1 1111100 + (VAL + 5) encoded as 1 bit
-3...2 L2 T 1010+ (VAL 3yencoded a5 Thit
-1...0 3 1 010 + (VAL + 1) encoded as 1 bit
3 1 011 + (VAL —1) encoded as 1 bit

.4 5 1 11010 + (VAL — 3) encoded as 1 bit

..6 6 1 111010 + (VAL —5) encoded as )1 bit
7...38 3 5 100 + (VAL —7) encoded/as5 bits
39...42 6 2 111011 + (VAL — 39):ericoded as 2 hits
43...74 4 5 1011 + (VAL —43).encoded as 5 bits
75...138 4 6 1100 + (VALs— 75) encoded as 6 bits
139. .. 264 5 7 11011 +(V AL — 139) encoded as 7 bits
267 . .. 524 5 8 11100+(VAL — 267) encoded as 8 bits
523 ... 774 6 8 131100 + (VAL —523) encoded as 8 bits
779...1290 7 9 1111101 + (VAL — 779) encoded as 9 bits
1291...3338 6 11 111101 + (VAL — 1291) encoded as 11 bits
—0,..-32 9 32 111111110 + (-32— VAL) encoded as 32 bits
3339... 9 32 111111111 + (VAL — 3339) encoded as 32 bits
ooB 2 00
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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 2 bits
2 5 0 11001
3 6 0 110110
4 7 0 1111100
5 8 0 11111101
6...69 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) ericodled as 5 bits
134...197 6 6 111000 + (VAL — 134)‘encoded &s 6 bits
198. .. 321 6 7 111001 + (VAL &198) encoded as 7 bits
326...58] 6 8 111010 + (VAL — 326) encoded as 8 bits
582 . ..1093 6 9 111011.%/(VAL — 582) encoded as 9 bits
1094 ... 2117 6 10 1171100+ (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

TableB.11 — Standard Huffman table K
HTOOB
VAL PREFLEN RANGELEN Encoding
1 1 0 0
2...3 2 1 10 + (VAL —2) encoded as 1 bit
4 4 0 1100
5.. 7 1 1101 + (VAL —5) encoded as 1 bit
7.. 5 1 11100 + (VAL — 7) encoded as 1 bit
9...12 5 2 11101 + (VAL — 9) encoded as 2 bits
13...16 6 2 111100 + (VAL — 13) encoded as 2 bits
17...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 0
VAL PREFLEN RANGELEN Encoding
1 1 0 0
2 2 0 10
3...4 3 1 110 + (VAL —3) encoded as 1 bit
5 5 0 11100
6.. 5 1 11101 + (VAL — 6) encoded as 1 bit
8... 6 1 111100 + (VAL —8) encoded as 1 bit
10 Z 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...24 7 3 1111101 + (VAL — 17) encoded as 3hits
25...40 7 4 1111110 + (VAL — 25) encoded as4-bits
41...72 8 5 11111110 + (VAL —41) encoded as 5 bits
73...0 8 32 11111111 + (VAL — 73y encoded as 32 bits
TableB.13 — Standard Huffman tablev
HTOOB 0
VAL PREFLEN RANGELEN Encoding
1 1 0 0
2 0 100
3 4 0 1100
4 5 0 11100
5...6 4 1 1101 + (VAL —5) encoded as 1 hit
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 hits
21...28 6 3 111100 + (VAL — 21) encoded as 3 hits
29...44 6 4 111101 + (VAL — 29) encoded as 4 hits
45...76 6 5 111110 + (VAL —45) encoded as 5 bits
77...140 7 6 1111110 + (VAL — 77) encoded &s 6 bits
141... 7 32 1111111 + (VAL —141) encoded as 32 hits
TableB.14 — Standard Huffman table N

HTOOB 0
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 S 0 101

2 4 0 1101

3.. 5 1 11101 + (VAL —3) encoded as 1 hit

5.. 6 2 111101 + (VAL -5) encoded as 2'bits
9...24 7 4 1111101 + (VAL —9) encoded\as 4 bits
... -25 7 3?2 1111110 + (—25 — VAL) éncoded as 32 bits
25... . 7 32 1111111 + (VAL — 25)‘encoded as 32 hits
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Annex C

Gray-scale | mage Decoding Procedure

Cl General description

(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 parameters to this decoding procedure are shown in Table C.1.

Table C.1 - Parametersfor the gray-scaleimage decoding procedure

Name Type (tSJiifS) Signed? Description and regtfictions
GSMMR Integer 1 N Specifies whether MMR is used.
GSUSESHIP Integer 1 N Specifies whether skipping,of gray-scale values may ¢ccur.
GSBPP Integer 6 N The number of bitspefgray-scale value.
GSW Integer 32 N The width of thegray-scale image.
GSH Integer 32 N The height-of‘the gray-scale image.
GSTEMPLATE Integer 2 N The template used to code the gray-scale bitplanes.?)
GSKIP Bitmap ngwgsé(;g_?lpcgt(ggmlgﬁcg values should be skipped. GSW pixels
3 Unusgdif GSUSESKIP =0.
b Unusgdif GSMMR = 1.

C.3 Return value

The variablg 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
vPe | ity

Signed?

Description and regtrictions

GSVALS

Array

The decoded gray-scale image. The array isGSW wi
high.

le, GSH

(o] Variables 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 GSUSEXKIP
SKIP GXIP
GBATX; 3if GSTEMPLATE < 1; 2#{ GSTEMPLATE = 2.
GBATY; -1
GBATX, -3
GBATY, -1
GBATX3 2
GBATY; -2
GBATX, -2
GBATY, N7
2) SetJq4GSBPP-2.
3) Whilep =0, perform the following steps:

a D

b) F

décoding procedureare as shown in Table C.4.

pcode GSPLANES[J])using the generic region decoding procedure. The parameters to the ge

br each pixel (X;y) in GSPLANES[J], set:

GSPLANES[J|[x, y] = GSPLANES[J + 1][x, y] XOR GSPLANES[J|[X, V]

heric region

0 SetJ=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
aredlowed, ". j b2" isrecommended. It is also recommended that JBIG2 decoders recognise both extensions.

D.1 Sequential organisation

This is a dlandalone file organisation. This organisation is intended for stresming applications, where thJa decoder is
guaranteed [o begin at the start of the bitstream and decode everything up to the end of the bitstream.

In this org

isation, the file structure looks like Figure D.1. A file header is followed by a sequence of segments. The
two parts ofl each segment are stored together: firgt the segment header then the segment data.

The segments must appear in increasing order of their segment numbers: no segment may ‘precede a segment having a

lower numk

D.2 R

Thisisast
might want
even-numby
istherefore

In thisorga

er than it.

File header
Segment 1 segment header
Segment 1 data
Segment 2 segment headen
Segment 2 data

Segment N segment header
Segment N data

Figure D.1 =Sequential organisation

andom-access or ganisation

bndal one file organisation. Thisorganisation is intended for random-access applications, where the decoder
to process parts of the file\in an arbitrary order, such as decoding al the odd-numbered pages before any
bred page, or decode pages individually in response to some user input. The ability to perform rajdom access

important.

hisation, the file structure looks like Figure D.2. A file header is followed by a sequence of segments headers;

the last segment header isfollowed by the data for the first segment, then the data for the second segment, angl so on. The

last segm
last segm

must be;an‘end of file segment; otherwise, it isimpossible for the decoder to determine when it
header.

The segmentsimust appear in increasing order of their segment numbers: no segment may precede a segm

has read the

Tnt having a

lower numberthan-H-

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.

NOTE - The intent of the embedded organisation is that many current systems can benefit from incorporating improved bi-level
image compress on However, the best - way to do thisis not always to mcorporate an enti re JBIG2 bitstream as a monalithic entity,
as this can.can g e divided up,
which mjght not agree W|th JBIG2's idess. Thus JBIG2 is flexible in alowing the embedding wstem to store JBIG2 data in
whateve| way is most convenient.

D4 Fjle header syntax

A file headgr containsthefollowing fields, in order:
ID string—-{see D.4.1.

File heade flags—see D.4.2.

Number offpages—see D.4.3.

D.4.1

D string

Thisisan 8byte sequence containing 0x97 0x4A 0x42 0x32-0x0D 0x0A 0x1A Ox0A.

NOTE —[Thisis smilar to the PNG ID string. The first character is non-printable, so that the file cannot be mistakgn for ASCII.
The first|character’s high bit is set, to detect passing througha 7-bit channel. The next three bytes are JB2, and are intended to
allow a human looking at the header to guess the file type:<The following bytesare CR LF CONTRCL- Z LF; any forruption by
CR/LF translation and DOS file truncation can be detected immediately.

D.42  F|leheader flags
Thisisal-bytefield. The bitsthat are defined are:

Bit 0 Flle organisation type. If this bit is 0, the file uses the random-access organisation. If this bit is 1, the file uses
He sequentia organi sation.

—

NOTE - Note that-there is no way to indicate the embedded organisation, as that organisation does not inqude a JBIG2
file header.

Bit 1 Unpknown.naumber of pages. If this bit is 0, then the number of pages contained in the file is knowp. If this bit
91, then'the number of pages contained in the file was not known at the time that the file header was coded.

Bits 2-7 ved: must be 0.

D.4.3  Number of pages

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.

In thisannex and all of its subclauses, the flow charts and tables are normative only in the sense that they are defining an
output that alternative implementations shall duplicate. In H.2 a smple test example is given which should be helpful in
determining if a given implementation is correct.

E.l Bjnary encoding

Figure E.1 hows a simple block diagram of the binary adaptive arithmetic encoder. The decision (D) and cpntext (CX)
pairs are priocessed together to produce compressed data (CD) output. Both D and CX are priovided by the model unit
(not shown). CX sdlects the probability estimate to use during the coding of D. In this Recommendation | International
Standard, gX isalabel for a context, formed by some character string followed by a string of hits.

EXAMPLH - Two possible values of CX are"|ADW001010100" and *GB1110110010800000".

ENCODER —~——» CD
CX ————>

T0828910-99/d19

Figure E.1 — Arithmetieencoder inputs and outputs

E.11 Rlecur sive inter val subdivision

The recursiye probability interval subdivision of-Elias coding is the basis for the binary arithmetic coding priocess. With
each binary| decision the current probabilityinterval is subdivided into two sub-intervals, and the code stringis modified
(if necessarly) so that it points to the base (the lower bound) of the probability sub-interval assigned to the syymbol which
occurred.

In the partifioning of the current interval into two sub-intervals, the sub-interval for the more probable symijol (MPS) is
ordered abgve the sub-interval Jfor the less probable symbol (LPS). Therefore, when the MPS is coded, the LPS sub-
interval is gdded to the cede string. This coding convention requires that symbols be recognised as either MPS or LPS,
rather than P or 1. ConSequently, the size of the LPS interval and the sense of the MPS for each decision mugt be known
in order to ¢ode that.decision.

Since the cpde ' string aways points to the base of the current interval, the decoding process is a matter of Zetermini ng,
for each dgcision, which sub-interval is pointed to by the code string. This is also done recursively, usifg the same
interval sub-division process as in the encoder. Each time a decision is decoded, the decoder subtracts any interval the
encoder added to the code string. Therefore, the code string in the decoder is a pointer into the current interval relative to
the base of the current interval. Since the coding process involves addition 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

A - (Qe x A)
Qe x A

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

sub-interval for the MPS
sub-interval for the LPS

A — Qe
Qe

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

With the pr
sub-interval
value of 0.
inversion, t
MPSLPS g

Whenever

estimate fol
probahilitie
which isug

E.2 D

The ENCO

ocess illustrated above, the approximations in the interval subdivision process can sometimes

he MPS and LPS intervals are exchanged whenever the LPS interval is larger than-the MPS in
pnditional exchange can only occur when arenormalisation is needed.

h renormalisation occurs, a probability estimation process is invoked whigh determines a new
the context currently being coded. No explicit symbol counts are needéd for the estimation.
5 of renormalisation after coding an LPS and MPS provide an appreximate symbol counting

bd to directly estimate the probabilities.

escription of the arithmetic encoder

DER (Figure E.2) initialises the encoder through the INITENC procedure. CX and D pairs 3

meke the LPS
larger than the MPS sub-interval. If, for example, the value of Qe is 0.5 and A is at theminimum allowed
/5, the approximate scaling gives 1/3 of the interval to the MPS and 2/3 to the LPS: [0 av@gid this size

terval. This

probability
The relative
mechanism

re read and

passed on o ENCODE until al pairs have been read. The probability estimation procedures which prov;Lde adaptive

estimates o
longer mog
C-regigter t
and generat

the probability for each context are embedded in ENCODE. Bytes of compressed data are out
ifiable. When all of the CX and D pairs have-been read (Finished?), FLUSH sets the con
D as many 1-hits as possible and then outputs the fina bytes. FLUSH also terminates the encodin
ES the required terminating marker.

ENCODER

INITENC

A
Read CX, D

v

ENCODE

y

A

ut when no
ents of the
) operations

102 I

No -
Finished?

Done
T0828920-99/d20

Figure E.2 —Encoder for the M Q-coder
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ncoder 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
bit positions from which the completed bytes of the data are removed from the C-register. The"c" bitisa carry hit.

ThEdGZa” 1 ulca.,l ;}Jt;UII Uf blt iuffillu Qlld thchal Id:illy Uf \,ouly-uvu VV;” bCU;VC!I ;II a:atu }JGlt Uf th;DClIIII

E.22  Epcoding a decision (ENCODE)

The ENCOPE procedure determines whether the decision D is a 0 or not. Then a CODEOQ or-a CODEL procedure is
called apprppriately. Often embodiments will not have an ENCODE procedure, but will call.the CODEQ or CODE1
procedures directly to code a 0-decision or a 1-decision.

E.23 Epcodingalor 0 (CODE1 and CODEOQ)

When a given binary decision is coded, one of two possibilities occurs: the symbol i$ either the more probabl ¢ symbol, or
it is the less probable symbol. CODEL and CODEO are illustrated in FiguresE4 and E.5. In these figureg, CX is the

context. Fo
valueare st

each context, the index of the probability estimate which isto bewused in the coding operations &
bred. MPS(CX) isthe sense (0 or 1) of the MPS for context CX.

( ENCODE )

A 4 A4

No Yes

ind the MPS

H CODE1 CODEO H
* T0828930-99/d21

( Done )

Figure E.3—ENCODE procedure
L Y
\ CUDULCL )
No Yes
A 4 A 4

H CODELPS H H 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 )

Cicuira ES5 _COBDEQO nrocedura
=gt 0 Pt tH

E24 E

The CODE
of theLPS
to the lower
the event th

is coded. I either case, the probability estimate is updated. If the SWITCH flag\for the index 1(CX) is §

MPS(CX)
Table E.1.

ncoding an MPS or LPS (CODEMPS and CODEL PS)

s inverted. A new index | is saved at CX as determined from ¢he-next LPS index (NLPS

( CODELPS )
v

‘ A=A-Qe(l(EX)) ‘

A < Qe(I(CX))?

4

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

A 4 No

MPS(CX) = 1 — MPS(CX) }—»

y
‘ I(CX) = NLPS(I(CX)) ‘
1

‘ ‘ RENORME ‘ ‘
( Done )
T0828960-99/d24

Figure E.6 — CODEL PS procedurewith conditional M PS/L PS exchange

| PS (Figure E.6) procedure usually consists of a scaling of the interval to Qe(l(CX))xthe probability estimate
Hetermined from theindex | stored for context CX. The upper interval isfirst caleulated so it can lge compared
interval to confirm that Qe has the smaller size. It is always followed by a renormalisation (RENORME). In

at the interval sizes are inverted, however, the conditional MPS/LPS exchiange occurs and the upper interval
et, then the

column in

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 (NM

104

PS) 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))?

‘ C=C+ ge(I(CX)) ‘ ‘ A= Q;V(I(CX)) ‘

‘ I(CX) = NI\/I'PS(I(CX)) ‘

!

H RENORME H

>
»

A 4

< Done > T0828970-99/d25

Figure E.7—CODEMPS procedurewith conditionalyM PS/L PS exchange

E.25  Pfobability 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 [probability,
the Qe valups are divided by (4/3) x (0x8000).

The estimatjor can be defined as a finite-stateimachine — a table of Qe indexes and associated next states for gach type of
renormalisgtion (i.e. new table positions);<{as shown in Table E.1. The change in state occurs only when the arithmetic
coder interyal regiger is renormalised.(This is dways done after coding the LPS, and whenever the interval register is
less than 08000 (0.75 in decimal .notation) after coding the MPS.

After an LRS renormalisation,-NLPS gives the new index for the LPS probability estimate; also, if Switch ig 1, the MPS
symbol sengeisreversed. After’an MPS renormalisation, NMPS gives the new index for the LPS probability gstimate.

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

The procedure for estimating the probability on the LPS renormalisation path is similar to that of an MPS
renormalisation, except that when Switch(1(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)

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. Renormalisation
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 0x5601 0101011000000001 0.503937 7 6 1
7 0x5401 0101010000000001 0.492218 8 14 0
B 0x4801 0100100000000001 0.421904 9 14 0
D 0x3801 0011100000000001 0.328153 10 14 0
10 0x3001 0011000000000001 0.281277 11 17 0
1 0x2401 0010010000000001 0.210964 12 18 0
1P 0x1C01 0001110000000001 0.164088 13 20 0
18 0x1601 0001011000000001 0.128931 29 21 0
14 0x5601 0101011000000001 0.503937 15 14 1
15 0x5401 0101010000000001 0.492218 16 14 0
16 0x5101 0101000100000001 0.474640 X7 15 0
1y 0x4801 0100100000000001 0.421904 18 16 0
18 0x3801 0011100000000001 0.328153 19 17 0
19 0x3401 0011010000000001 0.304715 20 18 0
20 0x3001 0011000000000001 0.281277 21 19 0
21 0x2801 0010100000000001 0.234401 22 19 0
2p 0x2401 0010010000000001 0.210964 23 20 0
28 0x2201 0010001000000001 0.199245 24 21 0
24 0x1C01 0001110000000001 0.164088 25 22 0
25 0x1801 000110000000000%: 0.140650 26 23 0
26 0x1601 0001011000000001 0.128931 27 24 0
2y 0x1401 0001010000000001 0.117212 28 25 0
28 0x1201 0001001000000001 0.105493 29 26 0
29 0x1101 0001.000100000001 0.099634 30 27 0
30 0x0AC1 0000101011000001 0.063012 31 28 0
31 0x09C1 0000100111000001 0.057153 32 29 0
32 0x08A1 0000100010100001 0.050561 33 30 0
38 0x0521 0000010100100001 0.030053 34 31 0
34 0x0444 0000010001000001 0.024926 35 32 0
35 0x02A1 0000001010100001 0.015404 36 33 0
36 0x0221 0000001000100001 0.012474 37 34 0
37 0x0141 0000000101000001 0.007347 38 35 0
38 0x0111 0000000100010001 0.006249 39 36 0
39 0x0085 0000000010000101 0.003044 40 37 0
40 0x0049 0000000001001001 0.001671 41 38 0
41 0x0025 0000000000100101 0.000847 42 39 0
42 0x0015 0000000000010101 0.000481 43 40 0
43 0x0009 0000000000001001 0.000206 44 41 0
44 0x0005 0000000000000101 0.000114 45 42 0
45 0x0001 0000000000000001 0.000023 45 43 0
46 0x5601 0101011000000001 0.503937 46 46 0

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 )

<

A 4

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

o /\
Yes

\Uy

H BYTEOUT

>
L

Yes

A AND 0x8000 = 0?

No

Done
T0828980-99/d26

Figure E.8 — Encoder renor malisation procedure

E.2.8

nitialisation of the encoder (INITENC)
The INITEINC 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 reflects the
fact that there are three spacer bits inthe'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 firs byfe is placed.
Therefore, iff the preceding byte isa@x FF byte, a spurious bit stuff will occur, but can be compensated for by increasing
CT. Note that the default initialisation of the statisticsbinsisMPS =0and | =0 (i.e. Qe = 0x5601 or decimal [0.503937).

E.29  Tprmination ofiencoding (FLUSH)

The FLUSH procedure shown in Figure E.11 is used to terminate the encoding operations and generate the required
terminating| marker.. The procedure guarantees that the OXFF prefix to the marker code overlaps the final bits of the
compressed data-This guarantees that any marker code at the end of the compressed data will be rengnized and
interpreted befofe decoding is complete

Thefirst part of the FLUSH procedure sets as many bits in the C-register to 1 as possible as shown in Figure E.12. The
exclusive upper bound for the C-register isthe sum of the C-register and the interval register. The low order 16 bits of 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 I CT=7

Done T0828990-99/d27

FigureE.9 —BYTEOUT procedurefor encoder

( INITENC )

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

}

No
B = OxFF?

CT=13

q
»

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 D)
v

H SETBITS H

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

( Done )
T0829010-99/d29

FigureE.11 - FLUSH procedure
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( SETBITS >

!

TEMPC=C+A
C = C OR OxFFFF

No

Yes

C =C -0x8000

q
»

( Done

) T0829020-99/d30

Figure E.12 — Setting thefinal bitsin the C register

CD——»
DECODER
CX————>

b——» D

T0829030-99/d31

Figure E.13 — Arithmeticdecoder inputsand outputs

( DECODER

)

y

H INITDEC

»|
»

A 4

‘ Read CX

v

H D = DECODE

Y

No

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
15 of Clow to bit 0 of Chigh. However, the decoding comparisons use Chigh aone. New dataisinserted into the "b" bits

of Clow one. hyrn atatime.

The detail el description of the handling of data with stuff-bitswill be given later in this subclause.

Note that the comparisons shown in the various procedures in this subclause assume precisions-grester than 16 bits.

Logical comparisons can be used with 16-bit precision.

E.32  Dgcoding a decision (DECODE)

The decodg decodes one binary decision at atime. After decoding the decision, the decoder subtracts any &
the code stfing that the encoder added. The amount Ieft in the code string is the offset from the base of
interval to fhe sub-interval allocated to all binary decisions not yet decoded. In.thelfirst test in the DECOD
illugrated in Figure E.15 the Chigh register is compared to the size of the LPS sub-interval. Unless a
exchange ig needed, this test determines whether aMPS or LPS is decoded -If. Chigh is logically greater thar
the LPS prgbability estimate Qe for the current index | stored at CX, thén Chigh is decremented by that am
not less thah 0x8000, then the MPS sense stored at CX is used to set¢he decoded decision D.

ormalisation is needed, the MPS/LPS conditional exchange may have occurred. For the M
conditional |exchange procedure is shown in Figure E.16. As lehg as the MPS sub-interval size A calculateq
step in Figdre E.16 isnot logically less than the LPS probability estimate Qe(1(CX)), an MPS did occur and
can be set from MPS(CX). Then the index 1(CX) is updated from the next MPS index (NMPS) column in Tj

Mmount from
the current
- procedure
conditional
or egual to
punt. If A is

PS path the

asthe first
the decision
able E.1. If,

however, the LPS sub-interval is larger, the conditionaltexchange occurred and an LPS occurred. The probalility update

switches thg MPS senseif the SWITCH column hasa”1" and updates the index |(CX) from the next LPS in|
column in [Table E.1. Note that the probability, estimation in the decoder needs to be identical to the
estimation ijn the encoder.

For the LP$ path of the decoder the conditional exchange procedureis given the LPS_ EXCHANGE procedu
Figure E.11. The same logicad comparison between the MPS sub-interval A and the LPS sub-interval
determines |f a conditiona exchande.occurred. On both paths the new sub-interval A is set to Qe(I(CX)). On
the conditignal exchange occurred'so the decision and update are for the MPS case. On the right path, the L
and update pre fol lowed.

E.3.3  Rpnormalisation in the decoder (RENORM D)

The RENORMD preeedure for the decoder renormalisation is illustrated in Figure E.18. A counter keeps
number of compressed bits in the Clow section of the C-register. When CT is zero, a new byte isinserted i
the BY TEIIN-procedure.

dex (NLPS)
probability

re shown in

Qe(I(CX))
the left path
PS decision

track of the
nto Clow in

Both theinterval register A and the code register C are shifted, one bit at atime, until A isno longer lessthan

E.34  Compressed datainput (BYTEIN)

0x8000.

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

N
i 9< Chigh < Qe(I(CX))?
Chigh = Chigh — Qe(I(CX)) ‘
No
AAND 0x8000 = 0?
Yes
¢ v A4
H D = MPS_EXCHANGE H ‘ D = MPS(CX) ‘ H D = LPS_EXCHANGE H
H RENORMD H H RENORMD H
. T.0829050-99/d33

( Return D )

Figure E.15 - Decoding-an MPS or an LPS

(~, MPS_EXCHANGE )

A< Qe(I(CX))?

Yes

D= MPS(CX) B
1(GX)'="NMPS(I(CX)) D =1-MPS(CX)

Yes
SWITCH(I(CX)) = 1?

\ 4 No

MPS(CX) = 1 — MPS(CX) }—»

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))

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

Yes

A

‘ MPS(CX) = 1 — MPS(CX) }—»
y

‘ I(CX) = NLPS(I(CX))

T0829070:99/d35
Return D

Figure E.17 — Decoder L PS path conditionalexchange procedure

( RENORMD >

<

Y

No
CT=0?

Yes

H BYTEIN H

»

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

Yes
A AND 0x8000 = 0?

( Done >
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

TO8Z9090-997U37]
( Done )

FigureE.19—BYTEIN procedurefor decoder

E.35

nitialisation of the decoder (INITDEC)

The INITDEC procedure is used to start the arithmetic decoder. The basic stéps'are shown in Figure E.20.

( INITDEC )

v
BP-=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

BP, the pointer to the compressed data, isinitialised to BPST (pointing to the first compressed byte). Thefirs byte of the
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.
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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.

See 7.4.12 for information on how the profile identification numbers are used.

Profile idertification numbers 0x00000000 through OxO0OFFFFFF are reserved forl SO/IEC and ITU-T gpplications.
Of this ranfe, profile identification numbers 0x00000100 through OXO0000FFF are reserved forJDU{T facsimile
applications. Entities other than ISO/IEC and ITU-T wishing to use an unassigned profile identification number should

choose onelin the range 0x01000000 through Ox FFFFFFFF that is not likely to conflict with any other en
It is recommended that the first three bytes of the profile identification number be chosen to mateh the first

of the namg 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 regtrietion
Refinement region coding No redtFiction
Halftone region coding Na restriction
Numerica data No restriction

Resources required

High-speed processor

Application examples

General-purpose printing; Format conversion

Table F.2—Profile description for profile 0x00000002

ity's choice.
three letters

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

Resources required

M edium-speed processor

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 templéte'enly (arithmetic)

Halftone region coding No skip mask used

Numerica data Huffman only

Resources required M edium-speed processor

Application examples WWW

Table F.5—Profile description for profile 0x00000005

NOTE2+This profileis asubset of profile 0x00000004.

Pr ofile 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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