INTERNATIONAL ISO/IEC
STANDARD 14495-2

Second edition
2003-04-01

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

Technologies de l'information — Compression sans perte et quasi sans
perte d'images fixes a modelé continu: Extensions

Reference number
ISO/IEC 14495-2:2003(E)

= . © ISO/IEC 2003




ISO/IEC 14495-2:2003(E)

PDF disclaimer

This PDF file may contain embedded typefaces. In accordance with Adobe's licensing policy, this file may be printed or viewed but
shall not be edited unless the typefaces which are embedded are licensed to and installed on the computer performing the editing. In
downloading this file, parties accept therein the responsibility of not infringing Adobe's licensing policy. The ISO Central Secretariat
accepts no liability in this area.

Adobe is a trademark of Adobe Systems Incorporated.

Details of the software products used to create this PDF file can be found in the General Info relative to the file; the PDF-creation
parameters were optimized for printing. Every care has been taken to ensure that the file is suitable for use by ISO member bodies. In
the unlikely event that a problem relating to it is found, please inform the Central Secretariat at the address given below.

© ISO/IEC 2003

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +412274901 11

Fax +41 22749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

i © ISO/IEC 2003 — All rights reserved



ISO/IEC 14495-2:2003(E)

CONTENTS
Page
1 N 1o o TSRS 1
2 NOTIALIVE TEIETETICES .....viuvetiiiriiiieeiieitetet ettt ettt ettt sttt et ettt ettt e b sb e bt et es b e e et e nbesaeebeeaeen 1
2.1 Identical Recommendations | International Standards .............cceceiieriniiiienieie e 1
2.2 AddItIONAL TEIETEICES .....eiteeitietietietieee ettt ettt ettt et sttt et e e est et e et e teebesaeebeeneensensesesaesaeas 1
3 Definitions, abbreviations, Symbols and CONVENTIONS ..........cceiirieieiieieieriere sttt 2
3l DETIITIONS. ..ttt b et ettt st b e sbe bt et ettt b h e e bttt eb et ettt be e 2
3.2 ADDICVIALIONS .eueeuiiiieniitesteeteet ettt ettt st b et a et ettt be s h e bt et ettt a et st be e 2
TG TN 41 oo £ SRU 2
4 (€153 1T 1 OSSP SUUSUPURRR 3
4.1  Extensions specified by this Recommendation | International Standard.............ccccceevvevieviiecieniennn. 4
4.1.1  Encoding with arithmetic COAINE .........cervieriieriieiieieciertere et 4
4.1.2  Extension of near-10sSIess COAINE .......cceeruiriiriiiieiiee et 4
4.1.3  EXtension Of PIEAICION .....eevvierieeiiieeieeiiieste et erite et e eseeeeteeeaeeesbeesnbeeesseesnseesnseesssaensseennns 5
4.1.4  Extension of GOIOMD COAINE ......ccirrririiriiriieiieieeee et esteete et et esre e eseeeesesseesseensesssessaens 5
4.1.5  Fixed 1ength COAINE.......cocoiiriieiieieeieriee ettt sttt et e e enaessaesseenseensesnnens 5
4.1.6  Sample transformation for inverse colour transforms ..........ccocervereeiirienienieeeeeceeeene 5
4.2 Descriptions of extended fUNCLIONS ...........ceeiiiiiiiiieriee et e 5
5 Interchange format TEQUITEIMENES .......co.iiueiuietieieiete ettt ettt et e sttt e et et et e s besaeebe e st enseneeneensenseseaaeseeas 6
6 ENCOART TEQUITEIMENES .....veevvieieieieieieieeteeteeeteeteesteesteesbeesbesteesseesseesseessesseesseesseesseesseassesssensaesaeseessesnsesssessnsnns 6
7 Decoder requirements .. h. ... oo b W b it b Lt L L 6
8 Conformance testing for XteISIONS . cuu: .ol s enee sl sre e e rop Boar e nrme i Sheveetcenteenteettesttesteeteetesetesbeenteeseesaeeseeeneeenee 7
Bl PUIPOSC. .ottt ettt ettt et sttt e e e iate e bt e et e e bt e ebee e baeenbeeeabaeenbeeenbeeebeeenbaeenteas 7
8.2 Encoder CONfOIMANCE tESLS....oucvuimrerenesososamaermary rrryomeessessessessessensessesseessensensessensensessessesseessensensensensenses 7
8.3  Decoder,conformance LESS, : /v i kewssesssebasske haeds {3k 2 5yl o Ty bR DA Ghr e nevesmeeremeresmeereneesareensenenas 7
Annex A — Encoding procedures with-arithmetic coding-for asingle-component..............cccccoeeireerieiinenienreene, 10
A.1  Coding parameters and compressed iMage data..........ccceevvieriieiieierieiiieieeiese e eae e sre e eee e e 10
A2 Initializations and CONMVENTIONS .......cuertirtiririrtententeete ettt ettt ettt et sttt ebe et et estete st enaesaeereeaees 10
A2.1  INIHALZALIONS. ..cveiiiiiiiiiierier ettt ettt sttt et ettt st be e 10
A22  Conventions fOr fIZUIES........eoieiiriieiieeiee ettt ettt et eeesreesaeeee s 12
A3 Context deterMINATION ...c.eeutiiiieiierttetieteett ettt sttt e et ettt e s b e e bt et ea e sbe et e et e emtesseesmeesaeesanenne 12
A.3.1  Local gradient COMPULAtION.........ccuieeuieiieiirtiestieieereeeesee e esteetesaeseeesseesseesseessesseesseesseensens 12
A.3.2  Flat 1€ZI0N detECHION. .. .ccuieitieiieieiie ettt ete et ettt et e ea et e seesseebessaesseesseenseenneeseenseensennsens 13
A.3.3  Local gradient qUantiZation...........ccceceerieriiesiieieeiie sttt sttt eneesne e 13
A3.4  Quantized gradient MEIZING . .....ccoeruirireitieeet ettt et ste ettt et et eeetesteseeebeseeeseeneeneeneens 14
A.3.5 Adjustment of error tolerance for near-lossless coding with visual quantization.................. 14
ALd PIEAICTION «.oueitittteet ettt bt e a e e st bbbt e bt ea e s et et e bt bt e bt ea e e st et et e nbe b ebeenean 14
A4l Edge-detecting PrediCtor .......ooieierieieeieeiieieeieetesttesteete e seesseesseesaesseesseenseenseessenseensennsens 14
A42  PrediCtion COMTECTION ... ...oeiiuieeieeeeee e ettt e et eete e e e e et e e e et e e e e e e eeaeeeeeneeeeeeaeeeeeesseeeeennes 14
A.43  Computation Of PrediCtion EITOT.......c..ccvieiierieiiiereereeeesee st eteeteeeeereesteesseebeeesesssesseesreesseas 15
A.4.4  Error quantization for near-lossless coding, and reconstructed value computation .............. 16
A.4.5 Modulo reduction of the prediCtion EITOT .........c.cccveriieriieiierie ettt seeeneeas 16
A5 Prediction eIrOr @NCOMINE .. ...eiiuiiie ittt ettt ettt ettt et et e e eaeesseeseeesaeeneeeneeeneesaeeseenteeneeas 16
A5 1 EITON MAPPING cntieniiiniieitieiteeiteet ettt ettt ettt ettt ea e e et e sb e s bt e bt e bt e et eatesaeesbeenbeenteenteenneas 17
A.5.2  Binarization of MErrval with the Golomb code tree...........coereriirerereseseeeeeeeeeeeeene 17
A.53  Mapped-error €NCOMINEZ ......ccivieiieiieieeierteetiete et eeeesteesteesseeseeaeseaesseesseesseessesssesseenseessesssens 18
g I 16 BT N 1 ) S PTTS 18
T8 S U)o Ta - £ PSSR 18
AL6.2  Bias COMPULATION. ...cciuviieuiieriieeiieeitieetieeieeesteeeteeeteesbeesbeessseessseesssaesseessseesseeesssesnseesseennses 21
A7 Flow of encoding PrOCEAUIES ........cceevuieriieiiiieiieieeie et ette sttt ebe e b e eteeste e e esbeessessaessaesseeseessessnenns 22

© ISO/IEC 2003 — All rights reserved iii



ISO/IEC 14495-2:2003(E)

Page

ANNEX B — ATTNMETIC COAIMNE ...vevitiiiieiieieiee ettt ettt ettt be et eb e st e st e e e b e e sbeebesseeseeneansensaseenes 24
B.1  Arithmetic encoding PrOCEAUIES .......c.eecviriiiieiiieiieieeteseeste et e et e ste et e ebesesesta e seessesssesseesseesseenseenns 24

B.1.1  Binary arithmetic encoding prinCiples ..........ccocireverierieriieieeeesiese et eee e se e eereeeaesreesees 24

B.1.2  Procedures of arithmetic COAING..........ccvevuiiriieciieiieieiieie ettt sttt sreeseeeseenseas 25

B.2  Arithmetic decoding ProCEAUIES .........ccciieieiieriierieeie ettt seae st besaesneesseenseenseenns 28

B.2.1  Binary arithmetic decoding PrinCiples ..........cecereierierienieeieeieseese e 28

B.2.2  Procedures of arithmetic deCOING.........ccvervieiiiiiiieieriieiieieee et 28

Annex C — Encoding with arithmetic coding for multiple component images ...........cceceeeeereereereriereene e 30
(O T 115 (T L1 o1 o o WSSO 30

C.2  Line interleaved MOGE.........coiuiiiiieiieiieieet ettt ettt ettt eee e s bt e bt e bt e te st e sne e neeneeenes 30

(O B B 1Tt o7 | o130 F PSPPSR 30

C.2.2 PrOCESS FlOW ..ttt ettt st b et a et e et e e et e bt ebe e bt eneeneeneeee e 30

C.3  Sample interleaved MOAE ..........ceevviiiiieiiiiiiieeee ettt ettt eb e ta e teereeaeeaesreeaeense e 30

(O 20 B B 1Tt o7 5 | o150 F PSPPSR 30

C.3.2 PrOCESS FlOW ..ouiiiiiiiiieeieee ettt bttt ettt bbbttt e b e 31

C4  Minimum coded Unit (IMCU) .......ccuiiiiiiiiiieiieieeie sttt ettt sttt ebeesaeeeaessaesbeessesssessaesseesseenseenns 31
Annex D — Extended functions for the baseline coding model...........c..ccevvierieiiieiinierieeeeeee e 32
D.1  Extensions of near-10SS1Ess COAING.........cvirriiriiriieiiecierieee ettt ettt eae e s seesseeseenneenns 32

D.1.1  Near-lossless coding with visual qUANtIZAION ..........cceeieriieiiieieriere e 32

D.1.2  Near-lossless coding with NEAR value re-specification ...........c.ccceeevievieneneneneniencnennenn 32

D.2  Extensions of prediction on baseline coding model.............ccoeviriiiiriinieiieee e 33

D21 INTtAHZATIONS  ..eeteeiteeiieieie ettt ettt ettt ettt et esseesae e et e teemeeeneeene e seenteenteeneenneens 33

D.2.2  Prediction correction . ... 40 o 0 A ek b A L R 33

D.2.3  SYMDOL PACKING. ...ttt ettt ettt se et ee st et et e e seesbeebeebeeseeneeneeneeneeee 33

D.2.4  Update variables.........0..0 .l L al e L o e e 34

D.2.5 Run interruption sample eNCOAING .......cceeueririeieieieieiesie ettt 35

D.2.6  Flow of encoding procedures ... /1 ddbe 22003 e eereeereseeseesseesseesesssesseesseesseessenssessaens 35

D.3  Extension of Golomb coding:s.ich.alcalalogstandands/ast/01 2.0 a0l 1=7h0d=4010- 9% ..o 35

D.3.1  Golomb code completion /0.2 0000 10n 0 L aa o an Ui 36

D.3.2  Run interruption handling for gDPP=1 .......ccccerciiiiiriiciiiieceee e 36

Annex E — FiXed [ength COAIMNE ......eiiiriiiiieiieieeeee ettt ettt et et e b et e et e enseesaesneesseenneenseenns 37
Bl INErOUCTION .utitiiiitictceeee ettt ettt b ettt a et et ebe e eaebe e 37

E.2  FixXed 1ength COINE ... .eiiiiiiiiieie ettt ettt ettt ettt et e ae e eesneeseeeneeenee 37
Annex F — Sample transformation for inverse colour tranSform ............ccooceeierieiieiine e 38
F.1  Inverse COlour tranSTOII .......c.iiiuiiiiiiieeiet ettt ettt ettt et s eee s aeesneeseeeneeenes 38

F.2  Example and guideling (INfOrmative)..........ceeiieieieieieesieee ettt 39
Annex G — Compressed data TOrMAL............cceeiuieiiiiiiiieieeete ettt ettt et e b e e b e etbesteesbeesseeraesneesreesseesseenns 41
G.1  General aspects of the compressed data format specification ............coceeeveeveeieerieciicieceeeeee e 41

G.1.1  Marker aSSIZNIMENLS .......cccveeveriereerteeieesteeteeseesseeseeseessessaesseesseessesssesssesseesseessesssesssesssessenns 41

G.1.2  JPEG-LS preset parameters Specification SYNtAX .........c.cevvecvereereerieerueseeneesseesessesseesseenens 41

Annex H — Control procedures fOr EXTENSIONS.........c.ieverieriieriieieeieseesteetesteseesseesseessesseesseessesssesssesssesssesseesseessennns 48
H.1  Control procedure for encoding a restart interval.............ccoecverieriieiienienieieeie e 48

H.2  Control procedure for encoding a minimum coded unit (MCU) with fixed length code (FLC) ......... 48
ANNEX I — CONFOIMANCE LESES.... vttt ettt ettt et b e st b e ebe et et et et et e st e b e sbeebeeatentenbeneenes 51
L1 TESE IMAGES ... enveeneeeeieetiett ettt et et e et e bt et e e te e tesaeesaee et eneeeneeemeeesee st e seensesmeesaeesseeseenseenseenseeneenneenseens 51

L1.1 SOUICE TMAZES ....eeveeneieeieiieetieet e et et e e et te st eestee et e et eneeesee st e seenteeseesseeseenseenaesaeesseenseenseenneans 51

[1.2  Compressed iMage data..........cccerieiieiieiieeeieetie ettt ettt eneeseeens 51

L1.3 TeSt iMAE fOTMALS ..c..eetiiiiiiieiiie ettt sttt et st st a et et e eatesaeesbeens 51

ANNEK T — PAENES ..ttt ettt e e et a e s bt e b e et e et eat e eh e e bt e bt et en bt e et saeenbeenbe e e enee 53
J.1 LISt OF PALEIES ....eeuvieiiieeiieiieeie ettt ettt et et et e st e e te e be e seesbeesseesaesseeseesseessessaesseesseenseesseessensaeseens 53
ANNEX K — BIDHOGIAPNY ... eitieiiiiieiecie ettt ettt e st saeesteesae e b e esseete e seesseesbenseessaessasssesseesseenseensennns 55

iv © ISO/IEC 2003 — All rights reserved



ISO/IEC 14495-2:2003(E)

Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
technical committees collaborate in fields of mutual interest. Other international organizations, governmental
and non-governmental, in liaison with ISO and IEC, also take part in the work. In the field of information
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 Directives, Part 2.
The main task of the joint technical committee is to prepare International Standards. Draft International
Standards adopted by the joint technical committee are circulated to national bodies for voting. Publication as

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

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

ISO/IEC 14495-2 was prepared jointly by Joint Technical Committee ISO/IEC JTC 1, Information technology,
Subcommittee SC 29, Coding of @udiopicture, mudltimediaandhypernmedia.information, in collaboration with
ITU-T. The identical text is published as ITU-R Recommendation T.870.

This second edition cancels and replaces the first edition (ISO/IEC/14495-2:2002), which has been technically
revised.

ISO/IEC 14495 consists of the ‘following parts, under'the generalv title’Information technology — Lossless and
near-lossles compression of continuous-tone'stillFimages”

— Part 1: Baseline

— Part 2: Extensions

© ISO/IEC 2003 — All rights reserved \
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INTERNATIONAL STANDARD
ITU-T RECOMMENDATION

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

1 Scope

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

This Recommendation | International Standard:

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

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

—  specifies coded representations for compressed image data;

—  provides guidance on'how to/imiplement'these processes in.practice.

2 Normative references

The following Recommendations'and'International 'Standards 'contain-provisions which, through references in this text,
constitute provisions of this Recommendation'|-International Standard.“At'the time of publication, the editions indicated
were valid. All Recommendations and Standards are subject to revision, and parties to agreements based on this
Recommendation | International Standard are encouraged to investigate the possibility of applying the most recent
edition of the Recommendations and Standards listed below. Members of IEC and ISO maintain registers of currently
valid International Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of currently
valid ITU-T Recommendations.

2.1 Identical Recommendations | International Standards

— CCITT Recommendation T.81 (1992) |ISO/IEC 10918-1:1994, Information technology — Digital
compression and coding of continuous-tone still images: Requirements and guidelines.

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

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

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

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

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

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

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

3.1 Definitions

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

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

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

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

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

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

3.1.6 binary decision: Choice between two alternatives.

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

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

prediction errors.

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

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

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

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

33 Symbols

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

Areg current numerical-line interval being renormalized

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

BASIC_T1, BASIC_T2, BASIC_T3, BASIC_T4 basic default threshold values

Bin binary decision

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

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

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



GetBinaryContext()
GetByte()
GetGolombk()

Hd

LPScnt[0.MAXS]
MAXcnt

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

Prob

Ox

S

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

SPx

T1, T2, T3
T4
TEMErrval

Th[0..29]
TMErrval
TQ
wct

Zerograd

4 General

ISO/IEC 14495-2:2003 (E)

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

a function in the C programming language

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

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

maximum index of binary contexts

accumulated occurrence count of each binary context

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

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

number of MCUs

LPS probability estimated from MLcnt and LPScnt

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

index for binary contexts

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

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

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

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

visual quantization threshold
number of bits by which Areg is shifted

flag indicating local gradients are all zero

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

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

ISO/IEC 14495-1.

ITU-T Rec. T.870 (03/2002) 3
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4.1 Extensions specified by this Recommendation | International Standard

The following extensions are specified:

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

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

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

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

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

—  An extension which provides for fixed length coding.

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

The following subclauses describe these extensions in greater detail.

4.1.1 Encoding with arithmetic coding

In JPEG-LS baseline, specified in ITU-T'Rec. T.87 | ISO/IEC"14495-1; simple but efficient coding is achieved by the
combination of Golomb coding (regular mode) and the run mode. However, for some very high-skewed image data
such as computer generated images, the compression ‘efficiency-is'affected by the use of symbol-by-symbol coding in
contexts that present highlysskewed distributions)Fherefore;scoding procedures tbased- on arithmetic coding are
specified in this Recommendation | International Standard- as-an'€xtendéd function, which enables alphabet extension
for every context (rather than only in run mode) and provides higher compression performance with a moderate increase
of the coder complexity.

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

4.1.2 Extension of near-lossless coding

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

4.1.2.1 Visual quantization

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

4.1.2.2 Re-specification of NEAR value

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

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

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

4.1.4 Extension of Golomb coding

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

4.1.4.1 Golomb code completion

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

4.1.4.2 Omission of run interruption sample coding

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

4.1.5 Fixed length coding

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

4.1.6 Sample transformation for inverse colour transforms

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

4.2 Descriptions of extended functions

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

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

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

Table 1 — Combination of extended functions and corresponding annex

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

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

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

6 Encoder requirements

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

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

An extended encoder shall:

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

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

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

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

7 Decoder requirements

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

An extended decoder shall:

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

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

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

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

8 Conformance testing for extensions

8.1 Purpose

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

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

8.2 Encoder conformance tests

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

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

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

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

8.3 Decoder conformance tests

Decoders are tested by decoding compressed test image data (see Annex I) using the decoder under test and comparing
the reconstructed image to the corresponding source test image. The image reconstructed by the decoder under test shall
exactly match the source test image in the case of lossless coding (NEAR = 0). In the case of near-lossless coding
(NEAR > 0), the image reconstructed by the decoder under test shall be the source image data with NEAR for all
samples.
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Figure 1 — Encoder testing procedure
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The decoding conformance tests shall be carried out for each of the tests listed in Table 1.2, using as an input the
compressed test image data listed in the "Compressed file name" column, with the parameters specified in the table. The

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

START

Input compressed test
image

Decode with
decoder under test

Compare with
source
image data

Match?

Al
tests done?

FAIL

T1610550-02

Figure 2 — Decoder testing procedure
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