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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 comipittees

established by the respective organization to deal with particular fields of technical activity. ISO\ar
technical committees collaborate in fields of mutual interest. Other international organizations, gevern
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the fieldof infor|
technology, ISO and IEC have established a joint technical committee, ISO/IEC JTC 1.

International Standards are drafted in accordance with the rules given in the ISO/IEC Diréctives, Part 2.

The main task of the joint technical committee is to prepare International Standards. Draft Intern

d IEC
mental
mation

ational

Standards adopted by the joint technical committee are circulated to national bodies for voting. Publicafion as

an International Standard requires approval by at least 75 % of the national bedies casting a vote.

Attention is drawn to the possibility that some of the elements of this deacument may be the subject of
rights. ISO and IEC shall not be held responsible for identifying any or all such patent rights.

Amendment 1 to ISO/IEC 14492:2001 was prepared by (Joint Technical Committee ISO/IEC
Information technology, Subcommittee SC 29, Coding 6f)audio, picture, multimedia and hype

information, in collaboration with ITU-T. The identical text is published as ITU-T Rec. T.88 (2000)/Amd.1.

patent

UTC 1,
‘media
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Introduction

In this amendment, the following new materials are added:

a) new clauses 9, 10, and 11 to describe the required architecture and procedures for JBIG2 encoding; and

b) anew Annex J to document optional JBIG2 encoding methods.

The encoding procedures in clauses 9 and 10 are essentially the inverse of the decoding procedures already described in

clause
the end

Gand 701 ITU-T Rec. 1.88 [ISO/IEC 14492 To simplify the required new documentation, description of each of
oding procedures is given by referring to the corresponding decoding procedures in clauses 6 and 7, wherever

applicable. Clause 11 and Annex J, however, are new material and thus contain more detailed documentatign.) In
clause |1 (although the encoding complements that of clause 8 of ITU-T Rec. T.88 | ISO/IEC 14492), JBIG2 ,enceding
architegture as well as its technical components are described, and their corresponding implementation methods are given
by refefence. In J.1, compliant example encoding methods are summarized in table form.

© ISO/IEC 2004 — All rights reserved
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

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

Amendment 1

Encoder

1) New clauses 9, 10, and 11
Add the following clauses:

9 Encoding procedures

The encoding procedures in this clause are essentially the inverse of the decoding procédures already described if
6 and will not be duplicated here. The inverse of generic region encoding is descfibed in 6.2. The inverse of
refinement encoding is described in 6.3. The inverse of text region encoding is deseribed in 6.4. The inverse of
dictionary encoding is described in 6.5. The inverse of halftone region encoding is described in 6.6. The iny
pattern dictionary encoding is described in 6.7.

10 Control encoding procedures

The control encoding procedures in this clause are essentially\the inverse of the decoding control procedures
described in clause 7 and will not be duplicated here. The ifiverse of segment header syntax encoding is described
The inverse of segment type encoding is described in 7.3, The segment types syntax for the region segment info
field, symbol dictionary segment, text region segment, pattern dictionary segment, halftone region segment,
region, generic refinement segment, end of page segnient, end of stripe segment, end of file segment, profiles sq
code table segment and extension segment are described in detail in 7.4.1 to 7.4.15 respectively.

11 Page break-up

The page break-up ("Front end") procedures in this clause are conceptually the inverse of the page make-up ("Bac
procedures already describedin clause 8. However, page break-up also requires additional page and do
decomposition steps prior toeneoding.

11.1 Page break=up architecture

This clause describes the JBIG2 encoder break-up defined by compliant, but optional, technical 'components'
range of 'algofithms' possible to implement each of these components). These JBIG2 page break-up components 3
of processing steps labelled: Capture, Filter, Orient (de-skew), Identify, eXtract, Screen, Align (register),
Post-mafch,” Dictionary (optimize), and Refine. An example sequence of this component set is illustrated
Architeetural Components figure below as the horizontal axis with abbreviated labels CFOIX S AM P D R

from.input on the left to a compressed data stream on the right). The vertical dimension above each label repres
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range of possible algorithms that may be used to implement each component. The horizontal band illustrates an ¢

xample

JBIG2 compliant page break-up method, using some algorithm for each architectural component and spanning over these

components.
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ARCHITECTURAL COMPONENTS

pliant JBIG2 encoder need not include all architectural components, nor use them in exactly the above sequence.

Page image decomposition

image is decomposed into several groups of sub-images such as marks [J2], line-arts,” residues and halftones.
roup is identified and then compressed using an appropriate set of processing (atehitectural components) from
ummarized in 11.2.1 to 11.2.12. Processing may include one or more of these\Component techniques prior to
m creation. The specific algorithm selected for each processing step is leftaup to the implementer but compliant
es for each processing step are provided in J.1. Implementing a full combination of these components, each using
liant example encoding method, will result in an encoder capable of preducing reasonable near-lossless quality for
0 + dpi images.

Capture (rasterize)

b (rasterization) is a process by which an image source is.converted into a two-dimensional bi-level raster image.
done by mapping a region of the image source to a sef 0f"pixels of the raster image, and then assigning a 1-bit
value to each pixel. In the scope of this amendment,two types of images are defined: generated and scanned
A generated image is an image converted from a*computer-generated metafile or vector graphic (e.g., a bitmap
ed from a document created using a typical word¢rocessor), whereas a scanned image is an image obtained from
document by means of imaging hardware such.as a scanner or facsimile.

Filter

t cases, a scanning process is noisy) and the resulting scanned image may contain random pixel values not
ntative of the original source. These pixels or small groups of pixels are called flyspecks. It is often desireable to
flyspecks in a scanned imagéto improve compression efficiency as well as visual quality of the reconstructed
A scanned image also contains quantization errors, i.e., identical marks in the original image may be slightly
it in the scanned image. Smoothing the edges of the marks helps to recover the equivalence of such identical
n the scanned image and also improve compression efficiency. These filtering techniques are shown as a reference
Filtering is seldond required for generated images although these techniques may still be applied.

Orient (de-skew)

hed image-may be skewed when it is scanned or photocopied at a slight angle, and it is often beneficial to identify
ust afiy,'skew prior to compression. In most texts, marks (characters) are aligned in straight lines, and examining
peof these lines that align pairs of marks yields the skew angle. Several methods of de-skewing are shown as a

referen!

11.2.4

ce—inJ1

Identify

Identification of sub-image categories involves two processes: segmentation and classification. First an image is
segmented into groups of sub-mages or 'regions' having similar characteristics. These regions (segments) are then
classified into pre-defined categories such as textual data, line-art and halftones, to which appropriate compression
methods are applied.

ITU-T Rec. T.88 (2000)/Amd.1 (06/2003)
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11.2.5 Extract

A symbol (character) is a mark consisting of black pixels. A symbol boundary is first traced by observing the
connectivity of black pixels, and the adjacent black pixels are extracted to form a symbol. Although simply extracting all
the pixels confined by the boundary may work in most cases, it does not handle nested marks. Several methods are
shown as a reference in J.1.

11.2.6  Screen

Comparing an extracted mark against all the symbols in the dictionary is inefficient especially when the dictionary size is

large, and relatively complex matching criteria as described in 11.2.8 are used. Simple methods, such as restricting
comparisons to only be made between marks and dictionary symbols with similar width and height, can be @séd|to find
possible matching candidates. More detailed approaches are shown as a reference in J.1.

11.2.7  Align (register)

Symbols are often aligned (registered) in the dictionary using the same criteria selected for‘the screening method
in 11.2.6. When distribution of black pixels is tested against symbols in a dictionary to find matching candidates, gligning
symbols along their centroids can enhance the screening rate. More detailed approaches areshown as a reference ip J.1.

11.2.8 Match

Marks are extracted from a region containing textual data and compared with existing symbols in a dictionary, in ¢rder to
exploit any similarities between them for better compression. Basically, each\mark is tested to determine whetler it is
similar enough to be considered a 'match' to one of the existing symbols.,One way of matching is to first gbtain a
difference bitmap between the mark and a symbol and test the numbér of black pixels in the difference bitmpp to a
pre-defined threshold. Giving more weight to the clustered black-pixels in the difference bitmap usually improves
matching results. When a close match is found, a reference to the miatching symbol in the dictionary is coded. Wh¢n there
is no close match, the extracted mark is stored as a new symbol in the dictionary.

11.2.9  Post-match

Several additional criteria and processing steps may beéapplied to the symbol dictionary to improve image quality] A best
dictionary symbol shape may be determined by eXamining several similar symbols, which have already pasped the
matching step. Direct encoding of a symbol or “alignment of symbol bottoms may also be used to improve symbol
dictionary accuracy.

11.2.10 Dictionary (optimize)

After a symbol dictionary has been generated, it may be examined further to identify any 'singletons' [J2]. Singlefons are
symbols in the dictionary that have-hot been referenced by more than one mark. One may sometimes wish to femove
such symbols from the dictionary-and place them back into the 'residue' sub-images (which contain any residual marks).
Such a residue image is compressed using a JBIG2 'generic' entropy encoder.

11.2.11 Refine

Encoded image (ot_symbol) bitmaps may also be subsequently 'refined' to similar (but different) bitmaps [J1], [14]. For
example, where images are first encoded in a near-lossless manner (e.g., when scanned image symbols are encodeld using
dictionaries)ithey can be subsequently 'refinement' encoded to a fully lossless representation of the original imagg. Also,
successive'dictionary symbols may be more efficiently encoded as 'refinements' of symbols encoded previously.

1,3 Multi-page document composition

All CllbUl.‘lCl 1Ilay UlgdlliLC uluhi-pagc L‘lUL«ulllClli. nglllCll‘lb Ubillg d bcquculial, lalldUlll Ul culbcddcd UlgalliL 11011 as
described in Annex D (File Formats). Dictionary segments may be organized into one global segment, one or more
segments per page or stripe, or a combination of global and page-specific dictionary segments. Dictionary segment
organization dramatically effects decoder performance and should be carefully selected for a specific application.

ITU-T Rec. T.88 (2000)/Amd.1 (06/2003) 3
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2) New Annex J
Add the following annex:

Annex J

Compliant example encoding methods

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

A normpative JBIG2 encoder should perform the following:

—  two or more stripes;

—  scanned or generated image source.

— lossy encoding mode is mandatory — lossless is optional;

—  minimum resolution of 300 dpi (to reduce matching error and accommodate a number of encoder system
simplifications, which would otherwise be required for 200-dpi images);

The following table contains compliant example references to a range of 'algorithms' useable) to implement each of the
optiongl components of a compliant JBIG2 encoding architecture as described in clause\}l. These example encoding
methods target expired (or expiring) patents, openly published methods and royalty-freg patents. For detailed descriptions
of each technique, refer to the appropriate document, patent or book. This is not ap-exhaustive list of algorithms and/or
compofpent methods. Selecting one of each method should result in reasonable eng¢oder performance.

J.1 List of JBIG2 encoding components and corresponding @lgorithms

Architectural component

Component method

Method reference

(Found in J.2)
Capture (rasterize) Digitize from sensor to bi-tonal
— Resolution hithap
— Striping — 300 dpi None
— 2 ormore None
Filter
— Fly-speck remove — Isolated mismatched pixels Figure 3 of [J1]
method
— Quantization error remove — Single protruding pixel method Page 217 of [J1]
Orient (de-skew) Adjacent mark-based slope Pages 357-372 of [J2]
detection, Hough transform
Scanijed Identify (Region)
— Segmefit — Recursive x-y cut Pages 372-384 of [J2]
— Classify — Texture analyzer Pages 385-388 of [J2]
Exiract
= \solate (black shapes) — 8 connected boundary Pages 320-325 of [J2],
trace/rubout-based region-fill [J3]
— Truncate (by size) approach [J3]
— Force (to avoid generic — Min/max of shape w & h None
region encoding) — Not required (detault)
Screen (means of speeding Comparison of height, width and/or Pages 332-333 of [J2]
up match) distribution of black pixels
Align (register) Alignment of symbols using centroid Pages 332-333 of [J2]
Match
— Lossy/Lossless — Weighted XOR (WXOR) plus Pages 325-332 of [J2],
CSIS (combined size-independent [J3] and [J4]
strategy) ® /CTM (compression-
based template matching) ©
— Lossless — XOR (Hamming distance = 0) None
4 ITU-T Rec. T.88 (2000)/Amd.1 (06/2003)
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Architectural component

Component method

Method reference

(default)

(Found in J.2)

Post-match
— Symbol optimize — 'Best' dictionary symbol shape — None

(not just simple average of the

marks)
— Symbol encoding — Direct encoding (no refinement) — None
— Symbol placement — Align symbol bottoms — None

OpHIZation

Dictionary
— Singletons — In dictionary? (default) — None
— Page spanning — Sequentially incremental® — None

Refine

Arithmetic (inverse of JBIG2
decoder process)

[J4], ITU-T Rec.
ISO/IEC 14492

.88 |

Encode (bitstream
generation)

Arithmetic or Huffman (inverse of
JBIG2 decoder process)

ITU-T Rec. T.88 |
ISO/IEC 14492

Capture (rasterize) — at page
or character level

Rasterize from generated to bistonal
bitmap — at page or character'lcvel

— Resolution — 300 dpi — None
— Striping — 2 or more — None
Filter N/A N/A
Orient (de-skew) N/A N/A
Generated Identify (Region)
— Segment — Recursive x-y cut — Pages 372-384 of [J2]
— Classify </ Texture analyzer — Pages 385-388 of [J2]
Extract
— Isolate (black shapes) — 8 connected boundary trace/rub- — Pages 320-325 of [J2],

— Truncate (by size)

— Force (to avoid generic
region encoding)

based region-fill approach
— Min/max of shape w & h
— Not required (default)

[J3]
[J3]
None

Screen (means of speeding

Comparison of height, width and/or

Pages 332-333 of [J2

(default)

up match) distribution of black pixels

Align (register) Identical (Bounding box is identical) | None

Match? XOR (Hamming distance = 0) None

Post-mat¢h

— Synibol optimize - N/A - N/A

—~Symbol encoding — Direct encoding (no refinement) — None

+ ~Symbol placement - N/A - N/A
optimization

Dictionary

— Singletons — In dictionary? (default) — None

— Page spanning — Sequentially incremental® — None

Refine

NLA

N

A

Encode (bitstream
generation)

Arithmetic or Huffman (inverse of
JBIG2 decoder process)

ITU-T Rec. T.88 |
ISO/IEC 14492

a)

b)
)
d)

e)

For some cases of JBIG2 encoding from Generated data, it may be practical to also eliminate the Extract, Screen and Align
components by implementing the Match component before the Capture (rasterize) component.

Add CSIS to reduce substitution errors of WXOR.
Select WXOR+CSIS for less computation than CTM.

Minimizing number of Singletons in the dictionary will reduce dictionary memory requirements, and optimizing the sizes
(h, w) of Singletons in the dictionary may increase the compression.

Random page access is enabled if, for example, one uses a single multi-page-spanning 'common' dictionary, plus multiple 'page

unique' dictionaries.

ITU-T Rec. T.88 (2000)/Amd.1 (06/2003)
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Method references

HOWARD (P.): Lossless and Lossy Compression of Text Images by Soft Pattern Matching, Proc. 1996 IEEE
Data Compression Conf. (DCC), pages 210-219, Snowbird, Utah, March 1996.

WITTEN (I.H.), MOFFAT (A.), BELL (T.C.): Managing Gigabytes, Morgan Kaufmann Publishers, Second
Edition, 1999.
US Patent, 4410916, Compression Labs, Inc., Dual mode facsimile coding system and method, October 1983.

5. ANE ARP ». a a 1 13 oL

1984.

matching, Proc. Int. Conf. on Computers, Systems, and Signal Processing, pges 447-451,

Annex I

this Annex as follows:
Annex I

List of Patents

(This annex forms a non-integral part of this Recommendation | Ihternational Standard.)

er's attention is called to the possibility that compliance with this  Specification may require use of an invention
| by patent rights.

lication of this Specification, no position is taken withxespect to the validity of the claim or of any patent rights in
fion therewith.

teria for including patents in this annex are:

The patent has been identified by.someone who is familiar with the technical fields relevant to this
Specification, and who believes use ofithe invention covered by the patent is required for implementation of one
or more of the coding processes specified.

To the extent that this Specifieation cannot be practiced without the use of patents held by the patent holder, the
patent holder has filed a\lgtter stating willingness to grant a license to an unlimited number of applicants
throughout the world under reasonable terms and conditions that are demonstrably free of any unfair
discrimination.

maintenance of.this’ Specification, the list of patents shall be updated, if necessary, upon any revisions to the
mendation | Jnternational Standard.

hitents in'the home countries of the patent-holding corporations are listed. In many cases foreign filings have been

I.1 List of patents

I.1.1 The following patents meet the first criteria given above.

1.

US Patent, 4 410 916, Compression Labs Inc, Dual mode facsimile coding system and method, Oct 18, 1983.
[Note] Expired.

US Patent, 5 023 611, Lucent, Entropy encoder/decoder including a context extractor, June 11, 1991.
[Note] Within a JBIG2 image ‘region’, JBIG2 doesn’t support reconfiguration of its arithmetic coding context
templates. In particular, it doesn’t support pixel-by-pixel changes (adaptive adjusting) to its arithmetic coding
context templates.

ITU-T Rec. T.88 (2000)/Amd.1 (06/2003)
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I.1.2 The following patents meet both of the two criteria given above.

1.

US Patent, 5 884 014, Xerox, Fontless structured document image representations for efficient rendering, May

16, 1999.

Korean Patent, 10-97-068093, Kwang Woon University, Lossy/lossless coding method for binary image by

efficient utilization of pattern correlation, 1997 (pending).

I.1.3 The following patents meet both of the two criteria given above; and it is the understanding of ISO/IEC JTC1

£00.

Q A s Sk BUL NEDEDE | 111 £ £o11 . 4 P | 1 1 11 — 1. . £l
OLCZI7VWWUIT UIdl UIT TTUTUCTS UT UIC TUTTOWIITE PAUCIILS TIdVE dISU dgTTUU U dITUW Pd yIICUHU ITTT TITTIIS TS UT HIUS)

c

patents for use in connection with this Recommendation | International Standard, subject to certain condition$ which
are available on request from the sources listed. Prospective licensees are advised to contact the respective
organisations for details.
1. Japanese Patent, 2 128 115, Mitsubishi Electric Corp., Coding system, Feb. 1990.
2. Japanese Patent, 2 128 110, Mitsubishi Electric Corp., Coding method of image information, Jan. 1989.
3. US Patent, 4 286 256, IBM, Method and means for arithmetic coding using @ teéduced number of opeyations,
August 25, 1981.
4. US Patent, 4 295 125, IBM, A method and means for pipeline decading of the high to low order pgairwise
combined digits of a decodable set of relatively shifted finite number of strings, Oct. 13, 1981.
5. US Patent, 4 463 342, IBM, A method and means for carry-oyercontrol in a high order to low order corbining
of digits of a decodable set of relatively shifted finite numbef strings, July 31, 1984.
6. US Patent, 4 467 317, IBM, High-speed arithmetic compression using concurrent value updating, August 21,
1984.
7. US Patent, 4 652 856, IBM, A multiplication-free.multi-alphabet arithmetic code, Feb. 4, 1986.
8. US Patent, 4 633 490, IBM, Symmetricakadaptive data compression/decompression system, Dec. 30, 1946.
9. US Patent, 4 891 643, IBM, Arithmetic coding data compression/de compression by selectively employed,
diverse arithmetic encoders and decoders, January 2, 1990.
10. US Patent, 4 905 297, IBM, Arithmetic coding encoder and decoder system, February 27, 1990.
11. US Patent, 4 935 882,AIBM, Probability adaptation for arithmetic coders, June 19, 1990.
12. US Patent, 5 099440, IBM, Probability adaptation for arithmetic coders, March 24, 1992.
13. US Patent, 4:749 983, IBM, Compression of multilevel signals, June 7, 1988.
14. US Patent, 4 463 386, IBM, Facsimile data reduction, July 31, 1984.
15. USPatent, 4 901 363, IBM, System for compressing bi-level data, Feb. 13, 1990.
16, US Patent, 5 884 014, Xerox, Fontless structured document image representations for efficient rendering, May
16, 1999; free license is offered only for claims 13 and 14.
17. US Patent, 4 922 545, KDD, Facsimile image encoding method, May 1, 1990.
18. Japanese Patent, 3 404 380, AIST & ERI, Method and apparatus for adaptive prediction coding/decoding, and
the media containing the program of adaptive prediction coding/decoding, Feb. 2003.
19. World IPO Patent Application, PCT/JP01/11461, AIST & ERI, Method and instrument for adaptive prediction

coding/decoding, and the program of adaptive prediction coding/decoding, 2001 (pending)
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