INTERNATIONAL ISO/IEC
STANDARD 14495-1

First edition
1999-12-01

Corrected and reprinted

2000-09-15

Information technology — L@ssless|and

near-lossless compression‘of

continuous-tone still images: Baseline

Technologies de l'information —@empression «lossless» proghe de

«lossless» des images fixes a‘ton continu: Ligne de base

Reference number

ISO/IEC 14495-1:1999(E)

© ISO/IEC 1999


https://iecnorm.com/api/?name=731abf18b80dafde669afdc24edfecc8

ISO/IEC 14495-1:1999(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 1999

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 +4122 7341079

E-mail copyright@iso.ch

Web www.iso.ch

Printed in Switzerland

ii © ISO/IEC 1999 — All rights reserved


https://iecnorm.com/api/?name=731abf18b80dafde669afdc24edfecc8

ISO/IEC 14495-1:1999(E)

CONTENTS
Page
1 R oo o PO 1
2 N0l gp = YR L= = oo U ST 1
2.1  Identical Recommendations | International Standards.............cccooeerireerennineeeeee s 1
A X (o 1 To g I = £ (= 0= TR 1
3 Definitions, abbreviations, Symbols and CONVENLIONS ..........cccceviiieiicenese e 2
1 ¢ I I 7= ¥ 10 TP 2
100 BN o o =Y/ = o] =PSRRI O Yot 4
G Y/ 0o o RSOSSN I 5
4 GENEral AESCIIPLION.....eciiieicieeeeie ettt re e aesae st e tesnesresneeneeneesaeneeseessdinadhansennennseseens 7
AU PUMPOSE.....eiteeieeie ettt ettt st sttt sse et saeesbeesbeesbesnsesnsesueesaeessesnsesnnesneesseensennss Bheraudessessuessnennsennns 7
4.2 Coding PriNCIPIES .c.ecveeieeterieeete et ere e seere e ene e e s e Ve s s 7
S o U1 (/=Y 02T [ 2SS AR S 8
A4 ENCOAING PrOCESS.......ecueeeereriestestesieereseeseessessessessesressesssessessessessessense b ¥enneensessentessessessesesssessenses 9
A5 DECOUING PrOCESS ...c.ueeuerueeieteseestesiesteseseeeessessesaessessesseesesssensessyfie Suastessesseensensessessessessessesnesnsessenses 10
4.6 Coding of multiple COMPONENT IMBOES........coereeririeererieere e Beste ettt r e sb e sbe s 10
47 CompresSed iMAJE AaLaA.......ccoeiereiererereeeereeresesresteseeasfene Fhneeeeseesseseestessessessessseseessessessesssessenees 10
F/ S I 10 11= (@ 0010 (= {0117 | o 10
5 Int@rchange format FeQUITEIMENES........oouiieiiere e A e ettt sttt ettt e et et e b e sae e e e e seeneas 11
6 ENCOTEr FEOUITEMENTS. ... eeiiiitireeiirtereeiesie sttt e s st e s b e b bbb sb e e bt s b e e e bt s b e s ebe e ebesb e e ebenbeneens 11
7 DeLOUEr TEQUITEMENLS. ... .eiveieerieieeeeeeeereesteseessesses ahsesseesesessessessesseasesseeseessessensesesssessessemsessessessessessessenses 11
8 (0] 110l 0 0= === (] o T e TSRS - 12
S I U070 T e SO TR U RTPRPR 12
8.2]  ENCOUEr CONFOIMANCE tESES. .. . e s e ste sttt st sttt se et e eseeseetesaesbesneeseeseeeeneeneens 12
8.3 Decoder CONfOrMENCE LSS (ki ittt ettt et b e 12
Annex A  Encoding procedures for-a Single COMPONENT .........ceviiiiiieieeeiii e e e ee e e e e smmmmmmmnefeeees 16
A.1 Coding parameters,and compressed image data...........cccceeeeriirieeeeeniiiiieeeesnsiiieeee s oo 16....
A.2  InitialisationS-and CONVENTIONS ........ciiiiiiiieiee et e e e e e e e e e e e e s eeeeeeaaeas 16
A3 Context deterMINAtION ..........oiiiiiiiiiiiee ettt e st e e e s et e e e e s snbbeee e e s s nneseesmmmmneeed 18
T S S (< To 103 1 (oo SO URPP R PEERTPRPRN SO 19
PANE: S == To [ (o3t o] =Y ¢ £ ) g =T o Too o 1 0o [PPSR 21
A.§ Update VariableS ........cooi i s o 22
AT NIRUN MO .ottt e e e ettt e e e s sttt ee e e s snbbeeeeee s s remmmmmmmmmnnreeee |eeens 23
A.8  Flow of eNcOdiNg PrOCEAUIES ........ccoiiiiiiiiiiieeie e e e e e e e e e e e e s e e e e e e e e e e e eaeeeaee s s e aenaaaanennnns 26
ANNEX B — MUIti-COMPONENT IMAGES ....coiiiiiieieii ittt et e e e e e e e e e e e e e ab bbbt ee e et e e e+ s £ £ 552222220 28
2 20 A [ o1 o o (U T3 1T o [ PP 28
B.2 Line interleaved mode 28
B.3 Sample interleaved MOE ...........coooiiiiiiiieee e e e e e e e e e+ s e—— 29
B.4  Minimum Coded UNit (MCU)........ooiiiiiiiiii ettt e e e e e e e e e e aaaaaeeea s 30
ANNex C — Compressed data fOIMAL.............uuuiiiiiiiiiiie e e e e e e e e e e e e e s smmmneeeeeeeeeees e nnnnnes 31
C.1 General aspects of the compressed data format Specification ............cccevvvveeeee i,
C.2  General JPEG-LS COUING SYNEAX ....uuuuuiiirireiieiieaieeeaeesiiesiiiiinsrstressreereeetasaeaeasessasssssssnssnnnnnnnnnnseess 31
C.3 Abbreviated format for compressed image data..........cccccuviiiiiiiiiieieee e 37.
C.4  Abbreviated format for table-specification data.............cccccvveiieeeeiiiiiiiiice e ereeen, 37

© ISO/IEC 1999 — All rights reserved


https://iecnorm.com/api/?name=731abf18b80dafde669afdc24edfecc8

ISO/IEC 14495-1:1999(E)

Page

PN a0 (o D I o] g1 (o] I o] o To7=To 11 =S 38
D.1 Control procedure for eNCOdiNG aN INBAG.........ceteeiiiuriiieeiiiiiiee et e e e e s 38

D.2  Control procedure for encoding @ fraIML.........coiiiiiiiiiiiiiii et 38

D.3 Control procedure for encodingsean 38

D.4 Control procedure for encoding a restart iINtBLVA............ooccccviiiiiieiier e s 40

D.5 Control procedure for encoding a Minimum Coded Unit (MCU..........ooviiiiiiiiiiiiiiee e, 40
ANNEX E — CONTOIMANCE TSttt ettt e e e e e e e et b bbbt et e e e et e aaaaaaaaaaaasaaaaaaaannnnnrebeeeeeees 42
o A Y=Y AT 0T Vo 1TSS EPPPRR 42
ANNEX F — DECOAING PrOCEAEE. ... .ciei ittt r e et e e e e e e e e e e st s s s s s e et e b eeeeereetaeeeeeeeesennennnenneseeeeeeaaeeeeeeees 45
Nt O o Yo <13 § LY SRR 45
Annex G [~ Description of the COdING PrOBES........oocvvviiiiiiiiiiie e emmmmmmmr e o [ a7
(0 R 0101 (=5l 00T [=1 11T U o vt SN R 47

G.2 Encoding in the regular coding MB...........ccoeeeiiiiiiiiiiiieeeer e e e e e e e e s e e nned 48

G.3 Encoding in the run M@..........ccoeeeeeiiiiiiiiiiceeeeeeeiee e e 50
Annex H |- Examples and gUIdEIBIE. .........cooo it e mmm e f e 51
[ 00 R 101 o o 0T i o o PP PUURPUUUPRRRTY S SO PUTUPOPPRUPIN SRR 51.

H.2 Example of how bits are output in the bit Strea............ccccccvvviiiiesr vl e D1

H.3 Detailed coding @Xamel............cooiuiiiiiiiiiiiiiiieeiiieeees e O e 51

H.4  EXample iMage dat..........ccuveeeiiiiiiiiieeeeiiiiieee e e et e e e st e e e e e s s 57

H.% Use of SPIFF with JPEG-LS compressed imaga.dat..... S...5% oo fe e 63

WY o a1 IR =11 o] [T o = o 2SSOSR SRS 65
ANNEXT —PEENTS ...ttt eeemm e e e e et et ekt eee e s tmmmme e e e e e e e e e e ennnnnnnn e 66

Includedfjles and programs:

- JPEG-LSreference implementation
- JPEG-LS conformance testing image set
- \uxiliary programs and examples,

iv © ISO/IEC 1999 — All rights reserved


https://iecnorm.com/api/?name=731abf18b80dafde669afdc24edfecc8

ISO/IEC 14495-1:1999(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

Internation

In the field

ISO and IEC, also take part in the work.
bl Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part

of information technology, ISO and IEC have established a joint technical conimittee, IS

Draft Interpational Standards adopted by the joint technical committee are circulated to-national bod

Publicatior
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patent righ
and all suc

Internation
technology
collaborati

ISO/IEC 14
lossless cq

— Partl
— Part2

Annexes A
Annex J is

drawn to the possibility that some of the elements of this part of ISO/EC 14495 may be
h patent rights.
hl Standard ISO/IEC 14495-1 was prepared by Joint Technical Committee ISO/IEC JTC

, Subcommittee SC 29, Coding of audio, picture, multimedia and hypermedia in
bn with ITU-T. The identical text is published as ITU-F Recommendation T.87.

1495 consists of the following parts, under the general title Information technology — Lossl
mpression of continuous-tone still images:

Baseline

Extensions

to E form a normative part ofithis part of ISO/IEC 14495. Annexes F to J are for infd
only applicable to ISO/IEC 14495-1.

.

O/IEC JTC 1.
es for voting.

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

he subject of

ts other than those identified in annex J. ISO and IEC shall not be*held responsible for igentifying any
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INTERNATIONAL STANDARD

ITU-T RECOMMENDATION

INFORMATION TECHNOLOGY — LOSSLESS AND NEAR-LOSSLESS
COMPRESSION OF CONTINUOUS-TONE STILL IMAGES — BASELINE

1 ocono
J\JUH\/

This Recdmmendation | International Standard defines a set of lossless (bit-preserving) and nearly lossless (where the
error for g¢ach reconstructed sample is bounded by a pre-defined value) compression methods for coding cpntinuous-
tone, graytscale, or colour digital still images.

This Recojmmendation | International Standard
- specifies a process for converting source image data to compressed image data;

- specifies processes for converting compressed image data to reconstructed image data;

- specifies coded representations for compressed image data;

- provides guidance on how to implement these processes in practice.

2 Nor mativereferences

The folloyving Recommendations and International Standards contain provisions which, through references in this text,
constitutg provisions of this Recommendation | International Standard. At the time of publication, thg editions indicated
were valld. 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 applylng the most recent
edition off the Recommendations and Standards listed below. Members of IEC and ISO maintain rggisters of currently
valid Intdrnational Standards. The Telecommunication Standardization Bureau of the ITU maintains a list of the
currently pvalid ITU-T Recommendationst!

21 dentical Recommendations | I nternational Standards

- CCITT Recommendation T.81 (1992) | ISO/IEC 10918-1:198fhrmation technology — Digital
compressioh and coding of continuous-tone still images: Requirements and guidelines

- ITU-T,/Recommendation T.83 (1994) | ISO/IEC 10918-2:1988ormation technology — Digital
compression and coding of continuous-tone still images: Compliance testing

- ITU-T Recommendation T.84 (1996)| ISO/IEC 10918-3:198%prmation technology — Digital
compression and coding of continuous-tone still images: Extensions

— ITU-T Recommendation T.84/Amd.1 ISO/IEC 10918-3/Amd¥l Information technology — Digital
compression and coding of continuous-tone still images: Extensions — Amendment 1

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

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

— ISO/IEC 9899:199(Rrogramming languages —.C

1 currently at the stage of draft.

ITU-T Rec. T.87 (1998 E) 1
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3 Definitions, abbreviations, symbols and conventions

31 Definitions

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

311 0i O, floor : Indicates the largest integer not exceeding i.

312 0 0, celling: Indicates the smallest integer not exceeded by i.

313 abs(i): The absolutevalueof i : —i if i <0, i otherwise.

314 abbreviated format: A representation of compressed image data which is missing some or all of the mapping
table specifications required for decoding, or a representation of mapping tables without frame headers, scan headers,

and code,

im:\gp data

3.15
establish

3.16
317

3.1.8
which ha

3.19

3.1.10
3111
3.1.12
3.1.13
3.1.14
3.115
3.1.16

3.1.17
Internatio

3.1.18
3.1.19
3.1.20
3121
3.1.22

hpplication environment: The standards for data representation, communication, or stofage,
pd for a particular application.

bias: Deviation from zero of accumulated prediction errors.
Dit stream: Partially encoded or decoded sequence of bits.

causal template: A set of fixed relative positions of samples (with respect to the current san
e been previously coded according to a pre-specified scan sequence.

coded image data segment: The coded representation of one restart interval.

coding: Encoding or decoding.

coding parameters: Integers used to specify the encoding process.

coding) process: A general term for referring to an.encoding process, a decoding process, d
colour image: A continuous-tone image that has\more than one component.

columns; Samples per line in a component:

component: One of the two-dimensionabarrays which comprise an image.

compr essed data: Either compressed image data or parameter specification data or both.

compressed image (data): Af(coded representation of an image, as specified in this Re
nal Standard.

compression: Reduction.in the number of bits used to represent source image data.

context: Function of samples in the causal template used to determine the coding of the pre
context modelting: Procedure estimating a probability distribution of prediction error from the
Continuous‘tone image: An image whose components have more than one bit per sample.

Hecoder: An embodiment of a decoding process and a sample transformation process.

which have been

ple being coded)

r both.

commendation |

sent sample.

context.

3.1.23 decoding process. A process which takes as its input compressed image data and outputs a reconstructed

image.

3.1.24 encoder: An embodiment of an encoding process.

3.1.25 encoding process. A process which takes as its input a source image and outputs compressed image data.

3.1.26 frame: A group of one or more scans through the data of one or more of the components in an image.

3.1.27 frame header: A marker segment that contains a start-of-frame marker and associated frame parameters that
are coded at the beginning of a frame.

3.1.28 Golomb coding: A special case of Huffman coding matched to geometric distributions.

3.1.29 (local) gradient: Either a vector of differences between values of samples in the causal template, or each
difference separately.

ITU-T Rec. T.87 (1998 E)
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3.1.30 gray-scaleimage: A continuous-tone image that contains only one component.

3.1.31 horizontal sampling factor: The relative number of horizontal samples of a particular component with respect
to the number of horizontal samplesin the other components.

3.1.32 Huffman encoding: A prefix coding procedure which assigns a variable length code to each input symbol, so
that the total code length is minimised.

3.1.33 image: A set of two-dimensional arrays of integer data.
3.1.34 image data: Either source image data or reconstructed image data.

3.1.35 interchange format: The representation of compressed image data for exchange between application
environments.

3.1.36 interleaved: The descriptive term lied to the repetitive multiplexing of groups of data from each

in ascan in aspecified order.

PEG-LS: Used to refer globally to the encoding and decoding processes in this Reeommendation |
Internatiomal Standard and their embodiment in applications.

3138 JPEG-LS preset coding parameters. Coding parameters for which a normativeyset of defaul{ values is
specified.

3.1.39 JPEG-LSpreset parameters: A coding parameter or a mapping table specified in an L SE marker segment.
3.1.40 lineinterleaved: The mode of operation in which the interleaved entities are’lines.

3141 losdess. A descriptive term for the encoding and decoding processes in which the output of the decoding
processislidentical to the input to the encoding process.

3.1.42 lossess coding: The mode of operation which refers to~any one of the coding processes defijed in this
Recommendation | Standard in which all of the procedures are |ossless:

3.1.43 lossy: A descriptive term for encoding and decoding rocesses which are not lossless.
3.1.44 mappingtable: A table used in a sampling mapping procedure.

3.145 marker: A two-byte code in which the first'byte is hexadecimal FF (X’FF) and the second bytelis a value
between 1and hexadecimal FE (X'FE’)

3146 marker segment: A marker and associated set of parameters.
3.1.47 max(i,j): Thelargest of i or j="vifi >, j otherwise.

3.148 min(i,j): Thesmallestofi orj:iifi<j, | otherwise.

3.1.49 minimum coded unity The smallest group of samplesthat is coded.

3.1.50 near-lossless;sA\description term for lossy encoding and decoding processes and procedures in|which the
output of the decodingprocess is such that each reconstructed image sample differs from the correspondingfone in the
input to the encoding-process by not more than a pre-specified value.

3.151 npedr-lossess coding: The mode of operation which refers to any one of the encoding process| decoding
process, hoth,_defined in this Recommendation | International Standard in which some of the procedures are near-

lossless.

3.1.52 non-interleaved: The descriptive term applied to the data processing sequence when the scan has only one
component.

3.1.53 parameter specification data: The coded representation of the parameters used in the encoder and decoder.
3.1.54 point transform: Scaling of asample.

3.1.55 precision: Number of bits allocated to a particular sample.

3.1.56 predicted samplevalue: The output from the predictor.

3.1.57 prediction correction: The procedure that compensates for systematic biases in prediction.

3.1.58 prediction error: Difference between the current sample and the predicted sample value.

ITU-T Rec. T.87 (1998 E) 3
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3.1.59 predictor: The procedure that computes a predicted sample value from previously reconstructed samples.

3.1.60 procedure: A set of steps which accomplishes one of the tasks which comprise an encoding or decoding
process.

3.1.61 reconstructed image (data): An image which is the output of a decoding process or a sample transformation
process.

3.1.62 reconstructed sample: The sample value reconstructed by the decoder. This equals the original sample value
in lossless coding, or differs from the original sample value by at most NEAR in magnitude in near-lossless coding.

3.1.63 regular mode: Mode of operation when coding samples while not in the run mode.
3.1.64 restart interval: The integer number of MCUSs processed as an independent sequence within a scan.

3.1.65 restart marker: The marker that separates two restart intervalsin a scan.

3.1.66 un: A sequence of consecutive samples whose values are identical for lossless coding, or are within the limits
required for near-lossless coding, and which is contained in the current image line.

3.1.67 un length: Number of samplesin arun.
3.1.68 un mode: Mode of operation while coding runs.

3.1.69 un interruption sample: The sample following the last sample in a run when'the run terminates|before the
end of ling.

3.1.70 sample: One element in the two-dimensional array which comprises acomponent.
3.1.71  sampleinterleaved: The mode of operation in which the interleaved.entities are samples.

3.1.72 sample mapping procedure: A procedure that maps each<sample value output by a decoding prfocess to a
reconstrudted sample value by means of mapping tables.

3.1.73 sampletransformation process: A sample mapping procedure followed by an inverse point transfofm.
3.1.74 samplevalue: A non-negative integer indicating the image information in an image sample.
3.1.75 scan: A single pass through the data for oneor more of the componentsin the image.

3.1.76  scan header: A marker segment that contains a start-of-scan marker and associated scan parametars that are
coded at the beginning of a scan.

3.1.77  sourceimage (data): Animagelused as input to an encoder.

3.1.78 ynary code: The unary codeof a non-negative integer number n is composed of n zero bits followed by a one
bit.

3.1.79 ertical sampling factor: The relative number of vertical samples of a particular component with| respect to
the numbar of vertical samplesin the other componentsin the frame.
3.2 A\bbr eviations

For the purposesof this Recommendation | International Standard, the following abbreviations apply.
PS Bits Per sample

JPEG Joint Photographic Experts Group — The joint ISO/ITU committee responsible for developing
standards for continuous-tone still picture coding. It also refers to the standards produced by this
committee: CCITT Rec. T.81 | ISO/IEC 10918-1, ITU-T Rec. T.83 | ISO/IEC 10918-2, and ITU-T
Rec. T.84 | ISO/IEC 10918-3.

LSB Least Significant Bit

MCU  Minimum Coded Unit

MSB Most Significant Bit

PGM Portable Grey Map

PPM Portable Pix Map

SPIFF  Still Picture Interchange File Format

4 ITU-T Rec. T.87 (1998 E)
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3.3 Symbols

The following 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 |etters, and variables
which change in value during the encoding of a scan areindicated in italicised |etters.

ab,cd positions of samplesin the causal template

AJ0..366] 367 counters storing accumul ated prediction error magnitudes
Ah ignored field in scan header

Al successive approximation bit position, low

AppendToBitStream() afunction in the C programming language

APP, marker reserved for application segments

B[n QR/I] 265 countersfor cl-nring biasvalues

BASIC T1,BASIC T2,

BASIC T3 basic default threshold values

Dpp number of bits needed to represent MAXVAL (not less than 2)
C SPIFF parameter

C[0..364] 365 counters storing prediction correction values

Ci component identifier

CLAMP out-of -range value clamping function

COM comment marker

ComputeRx() afunction in the C programming language

D1, D2, D3 local gradients

DNL define-number-of-lines markef

DRI define restart interval marker

EMErrval Errval mapped to non-negative integers in run interruption mode
ENTRIES number of yet unspeeified mapping table entries

EOI end-of-image marker

FOLine end of lineindicator, used in run mode

Errval predictilon error (quantized or unquantized, before and after modulo reduction)
) the order of a Golomb code

SetNextSample() afunction in the C programming language

5(K) Golomb code function

hlimit number of bitsto which the length of a Golomb code word is limited
H; horizontal sampling factor for the ith component

H max largest horizontal sampling factor

VI integers

I the sat of integershetweeni and |, including i and |

ILV indication of the interleave mode used for the scan

IX the value of the current sample in the input image
J[0..31] 32 variablesindicating order of run-length codes
JPG marker reserved for JPEG extensions
JPG,, marker reserved for JPEG extensions

k Golomb coding variable for regular mode

LG(K, glimit) limited length Golomb code function

LIMIT the value of glimit for a sample encoded in regular mode

LI JPEG-LS preset parameters marker segment length specifier
LSE JPEG-LS preset parameters marker

ITU-T Rec. T.87 (1998 E) 5


https://iecnorm.com/api/?name=731abf18b80dafde669afdc24edfecc8

| SO/I EC 14495-1 : 1999 (E)

m
MErrval

map

MAXTAB, MAXTABX

modulo counter for restart marker

Errval mapped to non-negative integers in regular mode
auxiliary variable for error mapping at run interruption
maximum index to a mapping table

MAXVAL maximum possible image sample value over all components of a scan
MAX_C maximum allowed value of C[0..364], equal to 127

MIN_C minimum allowed value of C[0..364], equal to —128

ModRange() a function in the C programming language

NI[O..366] 367 counters for frequency of occurrence of each context

Nb number of samples in an MCU

Nf number of components in a frame

NN[365..366]
NEAR

2 counters for negative prediction error for run interruption
difference bound for near-lossless coding

NS number of components in a scan
1 probability distribution
P sample precision
Pt point transform parameter
PX predicted value for the current sample
D context, determined froi®1, Q2, Q3
D1, Q2, Q3 region numbers to quantize local gradients
Nbpp number of bits needed to represent a mapped error value
Di one of the three quantized-region numh@isQ2, Q3
Duantize() a function in the C programming language
Ra, Rb, Rc, Rd reconstructed values of samples in the causal template
RANGE range of prediction error representation
Regular M odeProcessing a label int¢he C programming language
RESET threshold value at which, B, andN are halved
RItype imdex for run interruption coding
k rg is therk-th power of 2
g Golomb code order for run mode, a power of 2
RST restart marker numben
RunM odePr.oeessing a label in the C programming language
RUNcnt repetitive sample count for run mode
RUNIdex index for run mode order
RUNval repetitivereconstracted-sample-valoetra+un
Rx reconstructed value of the current sample
SGN auxiliary variable used to hold the sign of a context
SOFs5 JPEG-LS frame marker
SOl start-of-image marker
SOS start-of-scan marker
TABLE[0.MAXTAB] mapping table
T1, T2, T3 thresholds for local gradients
TdiTy replaced field in scan header
TEMP auxiliary variable used in the calculation of the Golomb variable in run interruption

coding

ITU-T Rec. T.87 (1998 E)
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TID mapping table identification number

Tm; mapping table selector for the ith component

Tq; field in frame header (not used in the procedures of this Recommendation |
International Standard).

VERS SPIFF parameter

Vi vertical sampling factor for the ith component

V max largest vertical sampling factor

Wt width of table entries, in bytes

Wxy number of bytes used to represent Y and X

current sample position

i number of samples per linein the ith component

X number of samples per line in the component with largest horizontal dimension

Xe number of samples per line in the component with largest-horizontal ¢glimension,
specified in an L SE marker segment

X'values values within the quotes are hexadecimal

Y number of linesin the component with the largest vertical dimension

Y e number of lines in the component with thetargest vertical dimension, specified in

an L SE marker segment

i number of linesin the ith component

4 Seneral description

4.1 PUr pose
There are fhree main elements specified in this Recommendation | International Standard:

R)  Encoder: An embodiment of an encoding process. An encoder takes as input source imagg¢ data and
parameter specifications and, by means of a specified set of procedures, generates as output cpmpressed
image data. Encoding procedures are specified in Annexes A, B, and D.

D) Decoder: An embodiment of a decoding process and a sample transformation process. A dedoder takes
as input compressed image data and parameter specifications and, by means of a specifjed set of
procedures, generates as output reconstructed image data. Decoding procedures are described in
Annex F.

L) Interchange format: A compressed image data representation which includes all |parameter
specifications used in the encoding process. The interchange format is for exchange between gpplication
environments. The interchange format is specified in Annex C.

4.2 "nrling Ir\rim"ir\h:m

The main procedures for the lossless (and near-lossless) encoding process specified in this Recommendation |
International Standard are shown in Figure 1. Procedures in Figure1l are presented in this clause in the order the
encoding processis carried out (see Annex A).

In this Recommendation | International Standard, a source image is input to the encoder sample after sample in a pre-

defined scan pattern, and lossless image compression is formulated as an inductive inference problem as follows. When

coding the current sample, after having scanned past data, inferences can be made on the value of this sample by

assigning a conditional probability [1 for the value of the current image sample, conditioned on previously received

samples. This inference method is called modelling. The minimum average code length contribution of the current

sample is —log((] ). For near-lossless image compression this principle is modified to use reconstructed values of the
preceding samples (instead of the original values) as conditioning data. During the encoding process, shorter codes are
assigned to more probable events. The decoder can reconstruct the conditional probability used to encode the current
samples, since it depends only on already decoded data.

ITU-T Rec. T.87 (1998 E) 7
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b e T0828120-98/d01
Figure 1 — Simplified encoder diagram
4.3 Boti-eetrage

Source imgges to which the encoding process specified in this Recommendation | International Standard:.can [be applied
are definefl in this clause.

431 Dimensions and sampling factors

As shown|in Figure 2, a source image is defined to consist of Nf components. Each component, with uniqué identifier
C;, is defined to consist of a rectangular array of samples of x; columns by y; lines- The component dimgnsions are
derived from two parameters, X and Y, where X is the maximum of the x; values and-Y-is the maximum of the y; values
for al components in the frame. For each component, sampling factors H; and\V; are defined relating ¢gomponent
dimensions xj and y; to maximum dimensions X and Y, according to the following/expressions:

=B Dy, 2 &S

O max [ [] Vimax O

where H by and V max are the maximum sampling factors for all componentsin the frame.

As an example, consider an image having 3 componentswith maximum dimensions of 512 lines and 512 collumns, and
with the f¢llowing sampling factors:

- Component 0 Hg =4,Vp =1
- Component 1 Hp =2,V =2
- Component 2 H, =1,V =1

ThenX =p12,Y =512,Hnax = 4, Vmax = 2, andx; andy; for each component are:

- Component 0 Xo = 512,yg = 256
- Component\l X1 = 256,y; = 512
- Componrent 2 Xo = 128,y, = 256

NOTE {+ The X,.Y, Hj, and V; parameters are contained in the frame header of the compressed image data, whereas the individual
comporent dimensions x; and y; are derived by the decoder. Source images with dimensions which do not satisfy the fexpressions
above fpr x; and y; cannot be properly reconstructed.

432 Sampleprecision and point transform

A sampleis an integer with precision P bits, with any value in the range 0 through 2P — 1. All samples of all components
within an image shall have the same preci$loR is restricted to the range 2-16 bits.

Samples may optionally be divided by a power of 2 by a point transform applied prior to encoding. The point transform
is an integer divide by, wherePt is the value of the point transform parameter. The output of the decoding process is
re-scaled by multiplying by™.

4.3.3 Orientation

Figure 2 indicates the orientation of an image component by the terms top, bottom, left, and right. The order by which
the samples of an image component are input to the encoding procedures is defined to be left-to-right and top-to-bottom
within the component. File formats (such as SPIFF, see 4.8.1) determine which edges of a source image are defined as
top, bottom, left, and right.

8 ITU-T Rec. T.87 (1998 E)
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4.4

441
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7y Line
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! Bottom T0828130-98/d02
a) Source image with multiple components b) Characteristics of an image componént

Figure 2 — Source image characteristics

Encoding process

Context modelling — Basics

The encodling process is described in outline below. The encoding process s-specified in Annexes A, B, and D. An

informatiie Annex, G, isincluded for additional explanation.

In this Recommendation | International Standard, the modelling appréach used is based on the notion of "c

Dntext". In

context mpdelling, the encoding of each sample value is performed hy conditioning on a small number of nejghbouring

samples. The context modelling procedure determines a probabifity distribution used to encode the curre
whose pogition, X, is shown in Figure 3. The context is determined from four neighbourhood reconstructed

positions
b,c,andd

442

In the reg
the recon
positionx
positionx
systemat

, b, ¢, and d of the same component, as shown in;Figure 3. From the values of the reconstructed sal

- the run mode is selected when it istestimated from the context that successive sampl
be nearly identical within the tolerances required for near-lossless coding (identical, for

nearly identical within the-tolerances required for near-lossless coding (identical, for los

Regular mode: Prediction‘and error encoding

ular mode, the context'determination procedure is followed by a prediction procedure. The
as shown in kigure 3. The prediction error is computed as the difference between the ac

c biasessin prediction. In the case of near-lossless coding, the prediction error is then quan

Nt sample,
samples at
mples at a,

, the context first determines if the information'inthe sample x should be encoded in the regular or réin mode:

es are very likely to
lossless coding);

- the regular mode is selected\when it is estimated from the context that samples are ot very likely to be

sless coding).

predictor combines

structed values of\the three neighbourhood samples at pasitipaadc to form a predicted safple value at

ual sample value at

and its predicted value. This prediction error is then corrected by a context-dependent terfn to compensate for

ized.

T0828140-98/d03

Figure 3 — Causal template used
for context modelling and prediction

The corrected prediction error (further quantized for near-lossless coding) is then encoded using a procedure derived
from Golomb coding (specified in Annex A and further described in Annex G).

NOTE - Golomb coding corresponds to Huffman coding for a geometric distribution.

ITU-T Rec. T.87 (1998 E)
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The Golomb coding procedures specified in this Recommendation | International Standard depend on the context as well
as prediction errors previously encoded for the same context.

443 Run mode

If the reconstructed values of the samples at a, b, ¢, and d are identical for lossless coding, or the differences between
them (the local gradients, specified in Annex A) are within the bounds set for near-lossless coding, the context
modelling procedure selects the run mode and the encoding process skips the prediction and error encoding procedures.
In run mode, the encoder looks, starting at x, for a sequence of consecutive samples with values identical (or within the
bound specified for near-lossless coding) to the reconstructed value of the sample at a. A run is ended by a sample of a
different value (or one which exceeds the bound specified for near-lossless coding), or by the end of the current line,
whichever comes first. The length information, which also specifies one of the above two run-ending alternatives, is
encoded using a procedure specified in Annex A, which is extended from Golomb coding but has improved performance
and adaptability.

45 Decoding process

The encodling and decoding processes are approximately symmetrical. Annex A specifies the encoding prpcess, and
Annex F describes the decoding process. The decoding process is followed by a sample mapping-procedure yvhich uses
the value|of each decoded sample as an index to a look-up table, provided in the cempressed image|data. The
correspongling table entry might be of a different precision to that of the encoded sample.

NOTE |- The sample mapping procedure is aimed at facilitating the use of this Réeommendation | International Standard for the
encoding of palletised and symbolic images. In the case of palletised images, thexehcoder would encode onply one component, and
the difference in precision would permit, for example, the display of single-component images as pseudo-cplour one< In the cas
of sympolic images, each decoded sample is a representation of the reaklimage value, which is in the corfesponding entry in the
look-up table.

If no table is provided for a specific component, the output of the sample mapping procedure is identical tg the input.
The use off sample mapping is specified in Annex C.

4.6 Coding of multiple component images
The coding processes described in this Recommendation | International Standard can be applied to multiple cpmponents
of an image, as well as to a single component image. Annex B describes how the coding processes shall belapplied to
images cotai ning multiple components.
4.7 Compressed image data,

The compressed image data output® by the encoding process consists of marker segments and coded ifnage data
segments.|The marker segments\contain information required by the decoding process, including the image djmensions.

The marker syntax is speCified in Annex C, while the procedures for encoding the image data are specified in
Annexes A, B, and D.

4.8 nter change for mat

The inter¢ghange format is specified in Annex C based on Annex B of CCITT Rec. T.81 | ISO/IEC 10918-1. The
interchange format allows a decoder to decode the compressed image data, regardless of specific application
environments. Applications requiring further image information, for example for identifying an image to higher
level applications, are recommended to use the SPIFF image file format, specified in Annex F of ITU-T Rec. T.84 |
ISO/IEC 10918-3.

The following extension has been made to the SPIFF file format to allow its use with image data coded according to this
Recommendation | International Standard:

48.1 Addition to SPIFF file header

In the file header described in Annex F.2.1 of ITU-T Rec. T.84 | ISO/IEC 10918-3, an additional value is allocated to
parameter C describing the compression type. For data streams coded in accordance with this Recommendation |
International Standard, C has the value X’06'. This has been standardised in ITU-T Rec. T.84 | ISO/IEC 10918-3 Amd.1,
which also changes the version number VERS field in the SPIFF header to X’ 0200'.

10 ITU-T Rec. T.87 (1998 E)
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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 processes defined in this Recommendation |
International Standard, as specified in Annex C.

6 Encoder requirements

An encoding process converts source image data (as defined in 4.2) to compressed image data (as defined in Annex C).
Annexes A, B and D specify the encoding process.

An encodlar is an embodiment of the encoding process. In order to conform with this Recommendation.|J

Standard,

An encodgy shall:

Conforma

NOTE
proces
only re
accord

7

A decodin
defined by

NOTE

A subsequ
map each
Annex C.
output by
asamplet

A decode
Annexes
conform t

A decoder

bn encoder shall satisfy at least one of the following two requirements.

specified in Annex C;

D) convert source image data to compressed image data which comply with the abbreviated
compressed image data syntax specified in Annex C.

nce tests for the above requirements are specified in clause 8 of this Recommendation | International

— There is no requirement in this Recommendation | Internationak Standard that any encoder which ¢
5 specified in Annexes A, B and D shall be able to operate for allranges of the parameters which are
quired to meet the applicable conformance tests specified in clause 8, and to generate the compre
ng to Annex C for those parameter values which it does use.

Decoder requirements

0 process converts compressed image data to,reconstructed image data. Since the decoding process
the encoding process, there is no separatémormative definition of the decoding process.

- Thedecoding process is not specified for non-compliant compressed image data.

ent sample mapping procedure tises the value of each sample output by the decoding process as 3
sample value to an outputsample value using the mapping tables specified for that sample con
f no tableis specified for that' sample component, then the output sample value isidentical to the sal
the decoding process. Jnithis case, an inverse point transform may also be applied (see 4.3.2), thus (
ransformation process)

\, B and D{followed by the embodiment of the sample transformation process defined above.
b this Recommendation | International Standard, a decoder shall satisfy all three of the following req

shall;

fernational

R)  convert source image data to compressed image data which conform to the, ifiterchange format syntax

format for

Standard.

embodies the encoding
allowed. i&n encoder
5sed image data format

s uniquely

n index to
ponent in
mple value
fompleting

n order to
irements.

is an emboditment of the decoding process implicitly specified by the encoding process as s:[ecified in
I

h) \ convert to reconstructed immup data any (‘nmlnrpcq:d imagp data with parameters Wwithin

the range

b)

7

supported by the application, and which comply with the interchange format syntax specified in Annex C.
In the reconstructed image data output by the embodiment of the decoding process (before sample
transformation), the value of each sample shall be identical to the reconstructed value defined in the
encoding process specified in Annex A;

accept and properly store any table-specification data which conform to the abbreviated format for table-
specification data syntax specified in Annex 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 C, provided that the table specification data required for sample mapping has
previously been installed in the decoder.

For the decoding process implicitly specified by the encoding process as specified in Annexes A, B and D, the
conformance tests for the above requirements are specified in clause 8 of this Recommendation | International Standard.
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NOTE — There is no requirement in this Recommendation | International Standard that any decoder which embodies the decoding
process implicitly specified in Annexes A, B and D and the sample transformation process shall be able to operate feioéll range

the parameters which are allowed. A decoder is only required to meet the applicable conformance tests specified in dlause 8, an
to decode the compressed image data format specified in Annex C for those parameter values which it does use.

8 Confor mance testing

8.1 Purpose

The conformance tests specified in this Recommendation | International 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 functionali and hence do not quarantee complete interoperahility between
independgntly implemented encoders and decoders. The main purpose of these conformance tests is to verifynthe validity
of encoding and decoding process implementations, and the corresponding compressed image data. It ishet 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 CCITT Rec. T.81Y ISO/IEC 10918-1,
and testinf procedures similar to those specified in ITU-T Rec. T.83 | ISO/IEC 10918-2 can be'Used for the purpose of
verifying ijnterchange format and marker segment syntax.

The tests gre based on a set of test images which are incorporated into this specification in digital form. In pddition, a
reference [encoder and decoder supporting the conformance tests specified in this,Recommendation | Infernational
Standard (for the IBM PC) are incorporated into this specification in digital form:

8.2 Encoder conformance tests

Encoders fre tested by encoding a source test image (see Annex E) using the encoder under test, and then decoding the
compressgd image data thus produced using a reference decoder:The image reconstructed by the reference defoder shall
match the|source image exactly in the case of lossless coding‘(parameter NEAR = 0, see Annex A). In the cage of near-
lossless cpding (parameter NEAR > 0), the image reconstructed by the reference decoder shall match [the image
reconstrudted by the reference decoder when fed with the compressed test image data.

The encode/decode cycle shall be carried out for-each of the tests listed in Table E.2 using the test images listed in the
"Source Image" column, and using the parameters specified in the "NEAR", "ILV", "Sub-sampling", gnd "Other
JPEG-LS [parameters’ columns of the table- Restart markers shall not be inserted. The encoder testing prpcedure is
illustrated|in Figure 4.

NOTE 1 — An encoder can additionally be tested without a reference decoder by comparing the compressgd image data produced
by the [encoder, for each of-the‘tests in Table E.2, to the compressed test image data listed in Table E.2. This comgaison shal
restricted to the coded data.segments only, excluding marker segments (as different marker segments rhay represent the same
coding|parameters). The\coded data segments produced by the encoder shall match those contained in thp compressed test imag
data exactly. This precedure is illustrated in Figure 5.

NOTE [2 — The.tests described in this clause represent minimal encoder conformance verification. More extensive encoder testing
can beg achieved by encoding arbitrary source images with the encoder under test, decoding the compressed image thus producec
using & reférence decoder, and comparing the image data reconstructed by the reference decoder with the original source image
data. Tlhe"image reconstructed by the reference decoder should match the source test image exactly in theg case of pssless codin
(parameteNEAR=6—seeA A ase-oftneatr-to s-coting(parafietR>0)—the-imagetecons tructed by the
reference decoder should match the output image data generated by the application of an encoding / decodlng cycle to the same
source image.

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

8.3 Decoder conformancetests

Decoders are tested by decoding compressed test image data (see Annex E) 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 losdess coding (NEAR =0). In the case of near-lossless coding
(NEAR > 0), the image reconstructed by the decoder under test shall match the image reconstructed by the reference
decoder when fed with the compressed test image data.

12 ITU-T Rec. T.87 (1998 E)
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Figure 4 — Encoder testing with reference decoder

ITU-T Rec. T.87 (1998 E)

13


https://iecnorm.com/api/?name=731abf18b80dafde669afdc24edfecc8

| SO/I EC 14495-1 : 1999 (E)

START

>
|

Input source test
image

Set encoder
parameters

Encode with encoder
under test

Compare with
compressed test
image data

Match NQ

exactly?

All

tests'done? FAIL

T0828160-98/d05

Figure 5 — Encoder testing without reference decoder

The decoding conformance tests shall be carried out for each of the tests listed in Table E.2, using as an input the
compressed test image data listed in the "Compressed file name" column, with the parameters specified in the "NEAR",
"ILV", "Sub-sampling”, and "Other JPEG-LS parameters’ columns of the table. The source test images used for the
comparison are listed in the "Source image" column of Table E.2. In the case of lossless coding, no reference encoder or
decoder is necessary for this decoder conformance test. The decoder testing procedureisillustrated in Figure 6.

NOTE — The tests specified represent minimal decoder conformance verification. More extensive decoder testing may be
achieved by encoding arbitrary source image data with a reference encoder, decoding the compressed image data thus producec
using the decoder under test and a reference decoder, and comparing the image data output by both decoders. The image dat:
reconstructed by the decoder under test should match that reconstructed by the reference decoder for all samples.
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Annex A
Encoding proceduresfor a single component

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

This annex specifies the encoding procedures defined by this Recommendation | International Standard. Clauses A.1
to A.7 define the encoding process. Clause A.8 summarises the provisions of this annex. The encoding proceduresin this
annex correspond to scans of a single component. The necessary modifications for dealing with multiple-component
scans are specified in Annex B. Annex G (informative) includes a general description of the encoding process.
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[ THEre 1310 TeqUITEment 1 thiS Recommendaton | Imernatonal Standard that any encoder or 0eco
cedures in precisely the manner specified in this annex. It is necessary only that an encodef-or
h specified in this annex. The sole criterion for an encoder or a decoder to be consideredyin’ ¢
mendation | International Standard is that it satisfy the requirements determined by the conformance

Coding parameter s and compressed image data

of parameters are necessary to specify the coding process in this Recommendation | Internation
p of these parameters in the compressed image data, and a normative set of default values for sol
5 are specified in Annex C. This Recommendation | International) Standard does not specify
5 are set in the encoding process by any application using it, if noh-default values are used.

enerated by the encoding process forming the compressed image data shall be packed into 8-bit by

A, is the first output bit, andg is the last output bigswill fill the most significant available bit p
ncomplete output byte, followed &y 1, a,_», aid,so on. When an output byte is completed, it is pl

d bits before the insertion of any marker.

1 — This padding differs from the padding method specified in CCITT Rec. T.81 | ISO/IEC 10918-1.
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Df the encoded bit stream, and a new byte is started. An incomplete byte, just before a marker, is padded with

jments, a single byte with the value X'FF' in a coded image data segment shall be followed with t
bit '0’. Thisinserted bit.shall occupy the most significant bit of the next byte. If the X'FF byteisfol
'1’, then the decoder shall treat the byte which follows as the second byte of a marker, and pr
b with Annex C, [f-a’'0’ bit was inserted by the encoder, the decoder shall discard the inserted hit, V
art of the datasstream to be decoded.

P — This-marker segment detection procedure differs from the one specified in CCITT Rec. T.81 | ISO
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Dcess it in
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gments are inserted in the(data stream as specified in Annex D. In order to provide for easy (’j'Fection of

IEC 10918-1.

A2 I nitialisations and conventions

A21 |

nitialisations

The context modelling procedure specified in this annex uses the causal template a, b, ¢ and d depicted in Figure 3.
When encoding the first line of a source image component, the samples at positions b, ¢, and d are not present, and their
reconstructed values are defined to be zero. If the sample at position x is at the start or end of aline so that either aand c,
or d is not present, the reconstructed value for a sample in position a or d is defined to be equal to Rb, the reconstructed
value of the sample at position b, or zero for the first line in the component. The reconstructed value at a sample in
position ¢, in turn, is copied (for lines other than the first line) from the value that was assigned to Ra when encoding the

first sampl

16

einthe previousline.
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The following initialisations shall be performed at the start of the encoding process of a scan, as well as in other
situations specified in Annex D. All variables are defined to be integers with sufficient precision to allow the execution
of the required arithmetic operations without overflow or underflow, given the bounds on the parameters indicated in
Annex C:

1) Compute the parameter RANGE: For lossless coding (NEAR = 0), RANGE = MAXVAL + 1. For
near-lossless coding (NEAR > 0):

* 0
RANGE = EMAXVAL + 2 NEARD+1

5 2*NEAR +1

NOTE —MAXVAL andNEAR are coding parameters whose values are either default or set by the application

(Qm: Annex P)

Compute the parameters gbpp = Oog RANGEL bpp = max(2, Dog(MAXVALH)D, and
LIMIT =2* (bpp + max(8,bpp)).

indicates that there are i+1 instances of the variable. The instances are indexed by [Q], whge Q is an
integer between 0 and i. The indexes [0..364] correspond to the regular, mode contexts (tofal of 365,
see A.3), whilst the indexes [365] and [366] correspond to run mode interruption contexts. Fof example,
C[5] corresponds to the variable C in the regular mode context indexed by 5. Each one of the antries of A
isinitialised with the value

P) Initialise the variables N[0..366], A[0..366], B[0..364] and C[0..364], where ¢he nomenc?ure [0..0]

0 = [0
max%, ANGE + 2 rid
O
O

7 58

those of N areinitialised with the value 1, and those of B and C with the value 0.

B)  Initialise the variables for the run mode; RUNindex=0 and J[0..31] ={0,0,0,0,1,1,1,1,2,2]2,2,3, 3,
3,3,4,4,5,5,6,6,7,7,8,910,11,12,13,14,15} .

1) Initialise the two run interruption.variables Nn[365] and Nn[366] to O.

A.2.2 Conventionsfor code segments

In the remaining clauses of this annex, various procedures of the encoding process are specified in softivare code
segments, [written in the C programming language, as specified in 1SO/IEC 9899. The syntax and semantics of|C shall be
assumed in all code segments ‘contained in this annex.

All variables used in the:code segments are assumed to be integer, and to have sufficient precision to allow thg execution
of the reqlired arithmetic operations without overflow or underflow, given the bounds on the parameters indicated in
Annex C. When division and right shift operations are indicated, all variables used are non-negative integersiso that the
exact comjputation of quotients, remainders and shifted quantities is unambiguously specified. The code sements are
used to speCify parts of the encoding process, and do not constitute, by themselves or in any aggregat/on, a full
implementettor-of-thepreeess:

In addition to the variables and parameters specified in 3.1 for the encoding and decoding processes, the following
auxiliary labels, global variables, and functions are used in the software code segments:

abs(i) Function: returns the absolute value of i in accordance with the definitionin 3.1.3
RunM odeProcessing Label: indicates the beginning of the run mode process as defined in A.7
RegularModeProcessing Label: indicates the gradient quantization step as defined in A.3.3

max(i, j) Function: returns the maximum of i and j in accordance with the definition
in3.1.47

min(i, j) Function: returns the minimum of i and j in accordance with the definition
in3.1.48

ITU-T Rec. T.87 (1998 E) 17
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GetNextSample() Function: reads the next sample in the source image and sets the corresponding
values of x, a, b, ¢, d, Ix, Ra, Rb, Rc, Rd. In multi-component images, the concept
of next sample depends on the interleaving mode used, as described in Annex B.
If the sample read is at the end of the current image line, GetNextSample() sets
the "global" variable EOLine to 1. In al other cases, EOLineisreset to 0.

When processing samples in regular mode, it is implicitly assumed that
GetNextSample() isinvoked before the processing of each sample. Invocation of
GetNextSample() is shown explicitly in the description of the run mode in A.7,
due to the specia treatment required at ends of lines in that mode. The
reconstructed values Ra, Rb, Rc, and Rd inherit their value from a previous
computation of areconstructed value Rx as described in A.4.4, A.7.1, and A.7.2.

EOLine Global variable: set by GetNextSample(): equal to 1 if the current sample is the
last in theline, O otherwise,

\ppendToBitStream(i,j) Function: appends the non-negative number i in binary form to the“encoded hit
stream, using j bits. Most significant bits are appended firsth The process
guarantees that j bits are sufficient to represent i exactly.

Puantize(i) Function: returns the quantized value of i following the)procedure japplied to
Errval in Code segment A.8 ("if" statement). This function is used to guiantize the
prediction error in near-lossless coding.

M odRange(i, RANGE) Function: returns the value of i modulo RANGE-as described in A.4.5.

ComputeRx() Function: returns the reconstructed value(Rx 'of the current sample as dgscribed in
Code segment A.8 (after the "if" statement). This function reconstructs$ the value
of Rx from the quantized prediction &xror.

A.3 Context determination

After a number of samples have been coded scanning from left 10 right and from top to bottom, the sample x|positioned
as in Figure 3 shall be encoded. The context at this sasmplershall be determined by the previously reconstrugted values
Ra, Rb, R¢, and Rd corresponding to the samples a, b, cxand d as shown in Figure 3, respectively. In lossless ¢oding, the
reconstrudted values are identical to those of the source image data. The steps in context determination, to be|performed
in the pregented order, are the following:

A3.1 | ocal gradient computation

The first gtep in the context determination procedure shall be to compute the local gradient values, D1, D2,(D3 of the
neighbourhood samples, as indicated in‘Code segment A.1.

Code segment A.1 — Local gradient computation for context determination

D1="Rd — Rb;

D2= Rb - Rg;

D3 = Rc — Ra;
A.32 N ode selectiaon

If the local gradients are all zero (for lossless coding), or their absolute values are less than or A&, tthe

allowed error for near-lossless coding, the encoder shall enter the run mode, otherwise the encoder shall enter the regular
mode. The mode selection procedure is specified in Code segment A.2. In the case of lossless coding, this mode
selection procedure is equivalent to the procedure shown in Code segment A.3, where the encoder is checking

if Ra=Rb=Rc=Rd.

Code segment A.2 — Mode selection procedure

if ((abs(D1) <= NEAR) && (abs(D2) <= NEAR) & & (abs(D3) <= NEAR))
goto RunModeProcessing

else
goto RegularModeProcessing;
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Code segment A.3 — Mode selection procedure for lossless coding

if(D1==0&& D2==0&& D3==0)
goto RunModeProcessing
else
goto RegularModeProcessing

© 1999 (E)

If run mode is selected, the encoding process shall proceed as specified in A.7. Clauses A.3.3 to A.6.2 apply only to
regular mode.

A.3.3

The conte
in Code
threshold
to the prag

with the llhresholds, a regiarumberQi is obtained Q1, Q2, andQ3 respectively). Thisforms a vect{®]

represen
andQg3, e

A34

If the first
reversed

In this cas
(Q1, Q2, ¢
mapping

acalaradiant criantization
ecar-gratateRt-guahtiatoh

Kt determination procedure shall continue by quantizing D1, D2, and D3 according to the procedur
bgment A.4. For this purpose, non-negative thresholds, T1, T2, and T3, are used. The default valu
5 — and ways to explicitly override these defaults — are specified in C.2.4.1. In(€ode segm
cedure is one of the vali®k D2, or D3 from the local gradient computation step) According

ing the context for the sampleSince there are 9 quantization regions for each of the gr
hch is allocated one of nine possible numbers between —4 and 4.

Code segment A.4 — Quantization of the gradients

if (Di <=-T3) Qi =—4;

else if Di <=-T2) Qi =-3;
else if Di <=-T1) Qi =-2;
else if Di <—NEAR) Qi =-1;
else if Di <= NEAR) Qi =0;
elseif Di< T1) Qi=1;
elseif Di< T2) Qi =2;
elseif Di< T3) Qi =3;
elseQi = 4;

Duantized gradient merging

non-zero element,of the vect@1( Q2, Q3) is negative, then all the signs of the vect,(Q2, Q
to obtain @1, -Q2 —Q3).

p specified

bs of these

ent A.4Dthe entry
o their relation

L, Q2, Q3)
ha(eht<2,

3) shall be

e, the variable SIGNshall be set to sbtherwise it shall be set tel. After this possible "merging
D3),iS_ mapped, on a one-to-one basis, into an int®gepresenting the context for the samyplé
thedvector@l, Q2, Q3) to the integeR is not specified in this Recommendation | Internationa

" the vector
e function
Standard. This

Recommendation | International Standard only requires that the mapping shall be one-to-one, that it shall produce an
integer in the range [0..364], and that it be defined for all possible values of the @Lt@2( Q3), including the

vector (0,

0, 0).

NOTE —A total of 9% 9 x 9 =729 possible vectors are defined by the procedure in Code segment A.4. The vector (0, 0, 0) and its
corresponding mapped value can only occur in regular mode for sample interleaved multi-component scans, as detailed in

Annex

B.

A.4 Prediction

This prediction procedure is performed only in the regular (non-run) mode. The following steps shall be performed in
the order specified.
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A.41  Edge-detecting predictor

An estimate Px of the value at the sample at x to be encoded shall be determined from the values Ra, Rb, and Rc at the
positions a, b, and ¢ specified in Figure 3, asindicated in Code segment A.5.

~ Code segment A.5 — Edge-detecting predictor

if (Rc>= max(Ra, Rb))
Px = min(Ra, Rb);
else{
if (Rc<=min(Ra, Rb))
Px = max(Ra, Rb);
ese
Px=Ra+ Rb—Rgc;

s are shown in Cod

}
A.42 Prediction correction
After Px i$ computed, the prediction shall be corrected according to the procedure depictediin Code|segment A.6, which
depends B GN, the sign detected in the context determination procedure. The new végsiddll be clamped to the
range [0.MAXVAL]. The prediction correction valuUg{Q] is derived from the bias as spécified in A.6.2.
~_ Code segment A.6 — Prediction correction from the bias
if (SGN==+1)
Px = Px + C[Q];
ese
Px = Px — C[Q];
if (Px>MAXVAL)
Px = MAXVAL;
else if Px < 0)
Px = 0;
A.43 Computation of prediction error
Using thg value oPx, corrected by the above ptocedure, the prediction droval, shall be computed. If the sign of
the context, given bIGN, is negative, the sign of the error shall be reversed. This is shown in Codg segment A.7 for
the sampje at positiog with valuelx.
Code segment A.7 ~.Computation of prediction error
Errval = Ix — PX;
if (SIGN _==\-1)
Ecrval = —Errval;
A.4d4 Error quantization for near-lossless coding, and reconstructed value computation
In lossleds codingNEAR = 0), the reconstructed valiRx shall be set tdx. In near-lossless codindlEAR > 0), the
error sha|l be'quantized. After quantization, the reconstructed Raloéthe sample, which is used to erjcode further
samples,|stiall be computed in the same manner as the decoder computes it. These operation
segment A.8.
Code segment A.8 — Error quantization and computation of the reconstructed
___value in near-lossless coding
if (Errval >0)
Errval = (Errval + NEAR)/(2* NEAR + 1);
ese
Errval = — NEAR —Errval) / (2 * NEAR + 1);
Rx = Px + SGN * Errval * (2* NEAR + 1);
if (Rx<0)
Rx = 0;
else if Rx>MAXVAL)
Rx = MAXVAL;
20 ITU-T Rec. T.87 (1998 E)
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The error shall be reduced to the range relevant for coding, (-IRANGE/2[1. [RANGE/ 2%+ ). Thisis achieved with
the steps detailed in Code segment A.9 (function M odRange()).

Code segment A.9 — Modulo reduction of the error

if (Errval <0)
Errval = Errval + RANGE;
if (Errval >= ((RANGE + 1)/ 2))
Errval = Errval — RANGE;

A5 Dr ediction-error mpnding
The next|step of the regular mode shall be to encode the error. For this, the vafial8é4] and\[0,.364] are used to
compute the Golomb coding varialleThe computation of the variablkeis context-dependent and shallfbe performed
as indicajed in Code segment A.10. The variétwal shall then be mapped to a non-negative integérrval, and
encoded psing the codienctionLG(k, LIMIT) (Annex G contains an informative description-of this progedure).
A5.1 [50lomb coding variable computation
The variablek, for the limited length Golomb codeinction LG(k, LIMIT), shall_be computed by tlhe procedure
indicated|in Code segment A.10. This variable is context-dependent.
Code segment A.10 — Computation of the Golomg ceding variable

r for(k=0; (N[Q]<<k)<A[Q]; k++);
A5.2 Frror mapping
The predigtion error, Errval shall be mapped to a non-negative value, MErrval as specified in Code segment A.11. For

lossless cgding, the mapping procedure checks the valueof k (the Golomb coding variable) and according f

performs @ "regular mapping” (k # 0), or a "special.mapping” (k = 0 and B[Q] less or equal thanNfQ]/2
equivaler|t to encoding Efrval+1) with the regular mapping. For near-lossless coding, the mapping
the value|ok.

Code segment A.11°=Error mapping to non-negative values

D its value
, which is
s independent of

if (NEAR ==0) && (k==0) && (2* B[Q] <= — N[Q])) {
if (Errval >= 0)
MErrval = 2 *Errval + 1
else
MErrval = -2 * (Errval + 1);
}
else {
if (Errval >=0
MErrval = 2 * Errval;
else
MErrval = -2 *Errval — 1;
}

A.53 Mapped-error encoding

The map

ped error valud/Errval, shall be encoded with the limited length Golomb code fundtiGtk, LIMIT)
defined by the following procedure:

1. If the number formed by the high order bitsMErrval (all but thek least significant bits)
LIMIT —gbpp — 1, this number shall be appended to the encoded bit stream in unary representation, that

is, by as many zeros as the value of this number, followed by a binary oneleBs¢ signifi

is less than

cant bits of

MErrval shall then be appended to the encoded bit stream without change, with the most significant bit

first, followed by the remaining bits in decreasing order of significance.
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2. Otherwise, LIMIT —gbpp — 1 zeros shall be appended to the encoded bit stream, followed by a binary
one. The binary representation MErrval — 1 shall then be appended to the encoded bit stream using
gbpp bits, with the most significant bit first, followed by the remaining bits in decreasing order of
significance.

A.6 Update variables
The last step of the encoding of the sample the regular mode is the update of the variadleB, C, andN. It is

important to note that this update shall be performed at the end of the coding proceduieaaftétErrval are
computed.

A.6.1 Update

The variableg i
variables R[Q] and B[Q] accumulate prediction error magnitudes and values for cle‘,evespectlverT e variable
N[Q] accgunts for the number of occurrences of the coi@esihce initialisation

Code segment A.12 — Variables update

B[Q] = B[Q] + Errval *(2*NEAR + 1);

AlQ] = A[Q] + abs(Errval);
if (N[Q] == RESET) {
AlQ] == A[Q] >> 1,
if (B[Q] >=0)
B[Q] = B[Q] >>1;
ese
B[Q] = —((1B[Q]) >> 1);
} N[Q] = N[Q]>>1;
N[Q] = N[Q] +1;

NOTE |- In lossless coding, the value addeB[@] is-the signed error, after modulo reduction

RESET i§aJPEG-LS coding parameter whose-value is either default or set by the application (see Annex C).

A.6.2 Bias computation

The bias Variable B[Q] allows an update of the prediction correction value C[Q] by at most one unit every itefation. The
variables gre clamped to limit their range of possible values. The prediction correction value C[Q] shall bgl computed
according|to the procedure in. Code segment A.13, which also yields an update of B[Q].

Code.segment A.13 — Update of bias-related variabl& Q] and C[Q]

it (B[Q] <= N[Q] {
BIQ] = B[Q] + N[QJ;
if (C[Q] >MIN_C)
ClQl = C[Q - 1
if (B[Q] <=-N[Q])
} BIQ] = N[Q] + 1,

else if B[Q] > 0) {
B[Q] = B[Q] — N[Q];
if C[Q] < MAX_C)
C[Q] = C[Q] + 1;
if (B[Q] > 0)
B[Ql= 0

The constantMIN_C andMAX_C are defined in 3.3.
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A7 Run mode

If the local gradients are all equal to zero (for lossless coding), or their absolute values are less than or equal to NEAR
(for near-lossless coding), then the process shall enter run mode (see A.3.2). In lossless coding, the encoder shall read
subsequent samplesinto Ix while Ix equals the reconstructed value Ra, which refers to the corresponding sample a at the
beginning of the run, or the end of the current image line is encountered. In near-lossless coding, if the absolute value of
the difference between Ix and Ra is less than or equal to the allowed error (NEAR), the run continues. The encoding of
the run length shall be followed by the encoding of the last scanned sample (i.e. run interruption sample) in case the run
isinterrupted other than by the end of the current image line being encountered.

The run mode procedure is composed of two main steps: run scanning and run-length coding; and run interruption
coding.

A7.1 Run scanning and run-length coding

Given a "fode-order" rg, where rg is restricted to a rk-th power of 2, a one bit code word "1, is used-to“gncode run
segments pf length rg as well as shorter segments that were interrupted by the end of aline. A rk+1 bit eode word shall
be used tq encode any remaining run segment. The first case represents a "hit" situation, where arun of length rg is
achieved ¢xcept at the end of a line, while the second case is a "miss' situation, where thetun is interrugted before
achieving [the "maximal” segment length rg. In this miss situation, a prefix bit, '0’, shall be sent; followed by] the actual
length of the remaining run segment, which shall be encoded with rk bits. The value of rg.shall be adapted, agcording to
a pre-defimed table J of 32 entries for values of rk (see A.2.1, Step 3) , each time a run segment of length rgfis scanned
(the index|to the table J increases) or a miss has occurred (the index to the table J déereases). The applicable procedures
are given below.

NOTE |- The following description of the run scanning and coding procedur€s’/suggests an implementation in which the run length
is encqded only after detecting the termination of the run. However, it is;possible to start encoding the run length aswoon as

of lengfhrg is detected.

A.7.1.1 Run scanning

The first $tep in the run mode is to read the source image data into Ix and determine a run length, RUNgnt. This is
specified gsindicated in Code segment A.14.

Code segment A.14 — Run-length determination for run mode

RUNval = Rga;

RUNcnt = 0O;

while (abs(Ix — RWNval) <= NEAR) {
RUNciat = RUNcnt + 1;

Rx~="RUNval;
if (EOLine == 1)
break;
else
GetNextSample();
}

NOTE - The test abs(Ix — RUNvek= NEAR reduces, in the lossless caselxte= RUNval.

A.7.1.2 Run-length coding

The variable RUNcnt computed following the procedure in Code segment A.14 represents the run length. The next step
is to encode this number. A "1’ shall be appended to the bit stream for each run of length rg, where rg shall be obtained
from the 32-entries table J. The index, RUNindex, to the table J shall be increased by 1, up to a maximum value of 31,
each time arun of length rg isreached. The table J contains values for rk, not rg. The complete procedure for this part is
specified in Code segment A.15. If the run is interrupted by an end of line (setting EOLine = 1), and the remaining
length after successive subtractions of rg is greater than zero, an extra'l’ shall be appended to the bit stream. Elsg, if the
run was interrupted by a sample of a different value, the remaining length is coded by a code word of length rk+1 (a
prefix bit, '0’, followed by rk bits to encode the remaining run length), and the index RUNindex is decreased by 1 (not to
lessthan 0). Thisis detailed in Code segment A.16.
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AT7.2

If the run

encoded

reconstru

Code segment A.15 — Encoding of run segments of lengi

while (RUNcnt >= (1 << J[RUNindex]) ) {
AppendToBitStream(1,1);
RUNcnt = RUNent — (1 <<J[RUNindex]);
if (RUNindex < 31)
RUNindex = RUNindex +1;

Code segment A.16 — Encoding of run segments of length less thian

if (abs(Ix — RUNval) > NEAR) {

Append T oBitStream(U, 1);
AppendToBitStream(RUNcnt, JJRUNindex]);
if (RUNindex > 0)

RUNindex = RUNindex -1;

}
else if RUNcnt > 0)
AppendToBitStream(1,1);

Run interruption sample encoding

first is when the absolute value of the difference betviReeandRb-is‘not larger thalNEAR, and the seco

absolute
NOTE

value is larger thiEAR.

encodirjg mode, with the additional requirement that Ix must differ from Ra by more than NEAR, otherwise the run
continued.

The following actions shall be carried out:

24

. Compute the index RItype as indicated in Code segment A.17. This index defines a context in
similar to the variable Q in regular mode.

Code segment A.17 = Index computation

if (abs(Ra =\Rb) <=NEAR
Rltype = 1,

else
Ritype = O;

. ~,€ompute the prediction error, as indicated in Code segment A.18

is interrupted other than by the end of the image line, the new-sample that caused the rur interruption shall be
| This shall be done by encoding the difference between ‘thelxatiehe current positiorx, and the
cted value ator b (both positions relative t). In this mode of-operation, two different context$ are used: The

nd when this

— The basic concepts in the run interruption encoding are the same as those used to encode a new sample in| the regular

would have

this mode,

Code segment A.18 — Prediction error for a run interruption sample

if (Ritype ==1)

Px = Ra;
else

Px = Rb
Errval = Ix — Px;

merging procedure in the regular coding mode. For near-lossless dodival,shall bequanti
computed, as shown in Figure A.8. The error shall then be reduced using the RABIGE,
the same steps as in A.4.5 (this reduction is performed by the fubttioRange below).
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Code segment A.19 — Error computation for a run interruption sample

if (Ritype==0) && (Ra > Rb)) {
Errval = —Errval;
SGN = —1;

}

else
SGN = 1;

if (NEAR > 0) {
Errval = Quantize(Errval);
Rx = ComputeRx ();

}

else

Rx = Ix;
Errval = ModRange (Errval, RANGE);

l. Compute the auxiliary variabl€EMP. This variable is used for the camputation of the Golomb
variablek.

Code segment A.20 — Computation of the auxiliary variable TEMP

if (Ritype==0)
TEMP = A[365];
dse
TEMP = A[366] + (N[366] >> 1);

b.  Set Q = Rltype + 365. The Golomb variabled shall be computed, following the same procedure as in the
regular mode, Code segment A.10, but using TEMP instead of A[Q].

oY

Compute the flag map, as indicated-in Code segment A.21. This variable influences the njapping of
Errval to non-negative values, asindicated in Code segment A.22.

Code segment A.22Computation ahap for Errval mapping

if (k==0)&& (Errval >0) && (2* Nn[Q] < N[Q]))
mapy= 1;
eseif ((Errval <0) && (2* Nn[Q] >= N[Q]))
map = 1,
glseif (Errval <0) && (k! = 0))
map = 1;
else
map = O;

7. Errval is now mapped:

Code segment A.22 Errval mapping for run interruption sample

r EMErrval = 2* abs(Errval) — Rltype — map;

8. EncodeEMErrval following the same procedures as in the regular mode (see A.5.3), but using the limited
length Golomb code functiobG(k, glimit), whereglimit = LIMIT — J[RUNindex] — 1 andRUNindex
corresponds to the value of the variable before the decrement specified in Code segment A.16.
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9. Update the variables for run interruption sample encoding, according to Code segment A.23.

~ Code segment A.23 — Update of variables for run interruption sample

if Errval <0)
Nn[Q] = Nn[Q] + 1;

A[Q] = A[Q] + ((EMErrval + 1 Ritype) >> 1);
if (N[Q] ==RESET) {

AQ] = AIQ] >>1;

N[Q] = N[Q] >>1;

Nn[Q] = Nn[Q] >>1;
}
N[Q] = N[Q] + L,

A8 ~low of encoding procedures

The order |in which the encoding procedures shall be performed is summarised below.

| [Initialisation:

a) Assign default parameter values to JPEG-LS preset coding parameters not specified by the
application (see A.1).

b) Initialise the non-defined samples of the causal template (see’A.2:1).

¢) Compute the parameter RANGE (see A.2.1): For lossless.eoding, RANGE = MAXVAL + 1. For
near-lossless coding

%
RANGE = EI\/IAXVAL +, 25 NEAR D+

1.
5 2*NEAR+1 O

Compute the parameters gbpp =*Jog RANGELD bpp = max(2,dog(MAXVAL +|1)0, and
LIMIT =2* (bpp + max(8, bpp))

0 L, 5
d) For exch context Q, initidise four variables (see A.2.1): A[Q]:max%,LA'\'G-+2 ,
H 2

B[Q] =C[Q] =0, N[Q] = 1. For AIQ] and N[Q], Q is an integer between 0 and 366; fof B[Q] and
C[Q], Qisan integer between 0 and 364 (regular mode contexts only).

e) Initialise the\ariables for the run mode procedure: RUNindex=0 and J[0..31] ={0,0,0,0] 1, 1, 1, 1,
2,2,2,2,33,3,3,4,4,55,6,6,7,7,8,910,11,12,13,14,15} .

f)  Initialise the two run interruption variables Nn[365] and Nn[366] to 0 (see A.2.1).
0) . (Set'current sample to the first sample in the source image.

1A%

Forthe current sample, compute the local gradients according to Code segment A. 1.

B\ {.Select the coding mode following the procedure in Code segment A.2. If run mode is selected, |go to Step
17, Gtherwise continue With the regular mode.

Quantize the local gradients according to the steps detailed in Code segment A .4.

5. Check and change if necessary the signs of the components of the vector representing the context,
modifying accordingly the variable SGN (see A.3.4).

Compute Px according to Code segment A.5.

Correct Px using C[Q] and the variable SSGN, and clamp the corrected value to the interval
[0..MAXVAL ] according to the procedure in Code segment A.6.

8. Compute the prediction error and, if necessary, invert its sign according to the procedure in Code
segment A.7.

9. For near-lossless coding, quantize the error and compute the reconstructed value of the current sample
according to Code segment A.8. For lossless coding, update the reconstructed value by setting Rx equal
toIx.
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© 1999 (E)

Compute the context-dependent Golomb variable k according to the procedure in Code segment A.10.

Perform the error mapping according to the procedure in Code segment A.11.

Encode the mapped error value MErrval using the limited length Golomb code function LG(k, LIMIT),
as specified in A.5.3.

Update the variables according to Code segment A.12.

Update the prediction correction value C[Q] according to the procedure in Code segment A.13.

(see Code

16. Go to step 2 to process the next sample.
17. Run mode coding:
a) Set RUNval = Ra. While (abs(Ix — RUNval)<= NEAR), increment RUNcnt and if not at the end of a
line, read a new sample Set Rx = RUNvaleach time the sample x is added to the run
segment A.14).
b) While RUNcnt> 2J[RUNINdeX] | do (see Code segment A.15):
i) Append’l tothebit stream.
i) RUNcnt= RUNcnt—2J[RUNIndex]
ii) If RUNindex < 31, then incremerRUNindex by one.
c) If the run was interrupted by the end of a line (see Code segment A.16):
i) If RUNent > 0, append '1' to the bit stream.
i) Go to Step 16.
d) Append '0' to the bit stream (see Code segment A:16).
e) AppendRUNcnt in binary representation (usidgRUNindex] bits) to the bit stream (M

f)

Code segment A.16).
If RUNindex > 0, then decreme®RUNindex-by one (see Code segment A.16).

8. Run interruption sample encoding: perfofm the operatioAs7i2, and then go to Step 16.

SB first, see

ITU-T Rec. T.87 (1998 E)
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Annex B

M ulti-component images

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

B.1 Introduction

For encoding images with more than one component (e.g. colour images), this Recommendation | International Standard
supports combinations of single-component scans and multi-component scans, as specified in Annex C. For
multi-component scans, two modes (described below) are supported: line interleaved and sample interleaved. The

specific cgmponents per scan are specified in the scan header (see Annex C), as well as the interleave mode (T specified

by parameter 1LV), which describes the structure within a single scan. The parameter 1LV admitSith
(non-interleaved), 1 (line interleaved) and 2 (sample interleaved).

For multi-component scans, a single set of context counters (A, B, C, N and Nn) is used across all-the compor
scan. The|prediction and context modelling procedures shall be performed as in the single-component cag
componert independent, meaning that samples from one component are not used to predict or compute the
samples friom another component.

All the erfcoding and decoding variables (e.g. A[0..366]) shall be set to their initial”values, as described in
when a ngw scan is to be encoded (starting from Step 1 in A.8). The dimensions of each component are gi
informatign in the frame header. The byte completion padding described in Axl-applies a so to multi-componel

B.2 | ineinterleaved mode

B.2.1 Description

This mode is specified by setting the parameter ILV in the start of scan marker segment to avalue of 1. In thig
each component C; in a scan, a set of V; consecutivelines is encoded before starting the encoding of V41 |
subsequent component Ci+q. The values V; are specified in the start of frame marker segment as vertical
factors, see Annex C. For a scan with Ns components, the number of lines interleaved and encoded follows the

V1iVo...MNns V1 V2 ... VN V1 Vo ... Vg Ete.
The valuelof the variable RUNindex for the run mode is component dependent, one value of the variable beir]
each component. The prediction.and context determination procedures shall be performed as in the single-
mode, and do not use information from the multiple components. Except for the first line of the first compon
is always poded at the beginning of a new byte in the encoded bit stream, there is no byte alignment betwee
coded linesiean start and end at any hit position in the byte.

rocess.flow

flow for the line interleaved encoding mode is specified below, in terms of the general process

values 0

ents in the
e, and are
context of

Annex A,
en by the
Nt scans.

mode, for
nes of the
sampling
sequence

g used for
fomponent
ent, which
N encoded

low given

in A.8. Fortonvenience; thestepsare umbereddenticatty to those mA=S:

1. Initiadise asingle set of variables asin Step 1 in the procedure described in A.8, except for the run mode

variable RUNindex, for which one copy per component isinitialised.

2. Follow Steps 2-15 in A.8 for the current sample in the current component (i). The reconstructed values

Ra, Rb, Rc, and Rd used for context modelling and prediction correspond to the current compon

16. Return to Step 2. If all the samples of V; consecutive lines of the it" component have been

ent.

processed,

continue with samples of component i + 1 (or component 1, if i was the last component). Otherwise,

continue with samples from component i.

17. The run and run interruption sample encoding procedures in Steps 17 and 18 of A.8 shall be followed,
using the copy of RUNindex corresponding to the component i. The same test asin Step 16 above shall be

performed to determine which component follows in the procedure.
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B.3 Sampleinterleaved mode

B.3.1 Description

This mode is specified by setting the parameter ILV in the start of scan marker segment to a value of 2. In this mode,
one sample at atime per component shall be encoded. The runs are common to al the components. The encoder shall
only enter a run mode if the condition for run mode is satisfied for all the components in the scan, and shall continue in
the run mode only if the condition for continuation is also satisfied for all the components. A single number, equal to the
number of consecutive times the joint condition for continuation is met, shall be encoded with the procedure described
in A.7, representing the length of the joint run. Only one variable RUNindex is used.

In the run interruption sample encoding procedure, the sample shall be encoded with Ritype=0, as the decoder has no
knowledge of the cause of the run interruption (the run stops when any of the components runs are interrupted). The
same valup of the variable glimit is used for al the components, corresponding to the common value of RUNijdex. Asin
the line interleaved mode, the same counters shall be used across al components, and the prediction“and context
determinafion procedures shall be performed as in the single-component mode, and shall not use information from the
multiple cpmponents.

NOTE - It is only in this mode that there are 365 possible regular contexts rather than 364.)The additiona] context & this mod
arises ps a run mode is not necessarily implied v@dfen Q2 = Q3 = 0 for a given component.

In thisintérleaved mode all components which belong to the same scan shall have the same dimensions.

B.3.2 Pr ocess flow

The process flow for the sample interleaved mode is described below in tenms of the general process flow giyenin A.8.
For convehience, the steps are numbered identically in this clause.

|. Initidliseasingle set of variables, asin step 1 in the procedure described in A.8.

P, Compute the local gradients for all the compenents asin Step 2 in A.8, in a component-indeperident form.
At this step, three local gradients shall be.computed for each component.

B. If all the local gradients for all the:cemponents are smaller than or equal to NEAR in absolut¢ value, go
into run mode, otherwise go to regular mode.

1. Follow steps 4 to 15 in thetprocedure described in A.8 for each one of the current samples of each
component. Steps 4-15-forthe sample j of the component i shall be completed before the stegs 4-15 for
the sample j of the next component i+1 are performed. Steps 4-15 of sample j+1 of any component are not
performed until these steps are completed for all the samples j for all the components. The same set of
variables is used in these steps, but the context determination and the prediction are performad for each
component, separately. The encoding of the sample j in component i+1 uses the variables alreafly updated
by the sample ] in the previous component i.

16. All'the’samplesin the same position j, for al the components, have now been encoded. The engoder shall
fow return to step 2 above to continue with the samplein position j+1 for al the components.

a) Theconditionin Step 17.a) in A.8 istested for al the components, using Ix and Ra corresponding to
the same component. The run continues if and only if the condition holds for all the components. If
the run continues, then Rx shall be set to the corresponding value of Ra in the same component.

b) Perform steps 17.b) to 17.f) in A.8. These steps are performed only once, since the runs are common
for al the components, and one number represents the length of the joint run.

18. Perform the operationsin A.7.2 (run interruption sample encoding), for each of the components. The state
variable Ritype=0 at all times, and the procedures in Code segment A.17 shall be skipped. Each run
interruption sample shall be completely encoded before starting to process the next sample.

19. Returnto Step 2.
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B.4 Minimum Coded Unit (MCU)

For non-interleaved mode (Ns =1, ILV = 0), the minimum coded unit is one line. For sample interleaved mode (Ns> 1,
ILV =2), the MCU isaset of Nslines, one line per component, in the order specified in the scan header.

NOTE — The order in the scan header is determined by the order in the frame header.

For line interleaved mode (Ns>1,1LV =1), the MCU is V; lines of component C; followed by V, lines of
component C», ... followed byV s lines of componentys. In addition, the encoding process shall extend the number of
lines if necessary so that the last MCU is complefety line added by an encoding process to complete a last
partial MCU shall be removed by the decoding process.
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Annex C

Compressed data for mat
(Thisannex forms an integral part of this Recommendation | International Standard)

This annex specifies three compressed data formats for the JPEG-L S processes:

1. theinterchange format;
2. theabbreviated format for compressed image data;
3. theabbreviated format for mapping tables and parameters specification data.

These compressed data formats closely follow the compressed data formats specified in Annex B of CCITT Rec. T.81 |
ISO/IEC 10918-1. Markers identify the various structural parts of the compressed data format. Marker segments for two

© 1999 (E)

markers filom the JPG, markers reserved for JPEG extensions in CCITT Rec. T.81 | ISO/IEC 10918-1 are.§

this annex
explicitly
NOTE
referen

Ci1

In this an
respective
data as def

Cl1

Two mark

Internatiofa Standard, in addition to the marker code assignmentsin Table B.1 of CCITT Rec. T.81 | ISO/IEQ

SOFs55 (X
LSE (X'H
Each of th

In addition, the SOI, EOI, SOS, DNL, DRI, RSTy,, APP,,, and COM are valid markersin JPEG-LS.

All other
COMPressq

Cl1z2

. The specifications for lossless processes in Annex B of CCITT Rec. T.81 | ISO/IEC 10918<1yaf
evised in this annex.

— Implementers should obtain the latest version of Anne BCITT Rec. T.81 | ISO/IEC\10918-1
cing purposes.

[Seneral aspects of the compressed data for mat specification

hex, the terms "coding processes’, "encoding process', "decoding progess®, and "compressed d
y, to the lossless and near-lossless coding processes, encoding process,decoding process, and ¢
ined in this Recommendation | International Standard.

Marker assignments

FFF7") identifies anew Start of Frame marker for JPEG-L S processes.
F8') identifies marker segments used for JPEG-IES preset parameters.

pse markers starts a marker segment. These marker segments begin with atwo-byte segment length

markers defined in Annex B off CCITT Rec. T.81 | ISO/IEC 10918-1 shall not be present in
d data.

Coded data segments

A coded i
Standard

NOTE [-Making the eeded image data segment an integer number of bytes is achieved as follows: 0-bits ar
pad the end of thé coeded image data to complete the final byte of a segment. In order to provide for ea
segmets, any X'FF' byte generated by the encoding process defined in this Recommendation | Internation
by a "stuffed"zero bit, provided that the X'FF' byte is not part of an inserted marker segment.

C.2

General JREG-L Scoding-syntax

age data segment ¢ontains the output of the encoding process defined in this Recommendation | In
r arestart interval . It consists of an integer number of bytes.

becified in
ply unless

for normative

ata' refer,
pmpressed

ers from the JPG,, set (which were reserved for JPEG extensions) are assigned in this Recomnpendation |

10918-1.

Darameter.

JPEG-LS

fernational

e used, if necessary, to
y detection of marker
al Standard is followed

This clause specifies the interchange format syntax which applies to the JPEG-L S coding process.

C.21  High level syntax

The high level syntax shown in Figure B.2 of CCITT Rec. T.81 | ISO/IEC 10918-1 applies to the JPEG-LS coding
processes defined in this Recommendation | International Standard.

C.22  Frameheader syntax
The new frame marker SOFgg (X'FFFT’) is defined for JPEG-L S coding. The frame header specified in B.2.2 of CCITT

Rec. T.81

| ISO/IEC 10918-1 applies with the following differences:

A'Y (number of lines) value of zero means either that the value is definedLiBEamarker segment

(which could precede or follow tH8OFs5 but shall not occur later than immediately following the first

scan) or in HNL marker immediately following the first scari.shall not be changed after

ITU-T Rec. T.87 (1998 E)

that point.
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— An X (number of columns) value of zero is allowed and means that the value shall be

define®lin an

marker segment. The value shall be defined before th&@Stmarker and shall not be changed after the

first scan.

A non-zero value o¥ or of X shall not be changed ySE marker segments.

C.23

Scan header syntax

The scan header specified in clause B.2.3 of CCITT Rec. T.81 | ISO/IEC 10918-1 applies to JPEG-LS coding with the
following differences.

C.24
This Rec
c.241
TheL SE

in this marker segment for a given table ID @ppear more than once, each specification shall
specification. Figure C.1 specifies the marker*segment following S marker which defines either
preset cqding parameters whose valuesxare used to override default parameter values, or mappi

image di

parametdr in abh SE marker segment'shall replace the previous specification.

— The start of spectral selection (Ss) parameter is replaced wikEAR parameter.
— The end of spectral selection (Se) parameter is replaced with\thparameter.
— For lossless coding, thBEAR parameter shall be zero. For near-lossless coding, t

his parameter is

IANAXNALAL
a2 panva o

1 il
expressed as a positive quantity from 1 to @Esﬁ, W@ (see C.2.4.1.1 for a

MAXVAL).

- For a single component scan, thev parameter is specified as having the value. 0. In a
scan,ILV is specified as having the value 1. In a sample interleaved|$c@ns’ specified a
value 2. Sample interleave is allowed in a scan only if the components ofthe scan have
of columns and of lines. The interleave modes are defined in Annex B

- TheTdTa (the DC and AC entropy table selectors) byte is replaced with a mapping t
byte. The table selected wilhm; shall have been specified by thé.time the decoder is res
scan containing compone@}. Mapping table selectors can have values from 0 to 255 (3
value of zero indicates that no mapping table will be used fer that component. If the pa
specified by thé\l parameter (see CCITT Rec. T.81 | ISO/IEC 10918-1), is not zefonakha

I able-specification and miscellaneous marker segment&yntax

bmmendation | International Standard requires anvadditional marker ségsBenthich is describ
JPEG-L S preset parameter s specification syntax

marker segment may be present where tables or miscellaneous marker segments may app

mensions, and are collectivelylcalled "JPEG-LS preset parameters". Each specification ¢

LSE LI ID }

Figure C.1 — JPEG-LS preset parameters marker segment syntax

definition of

line interleaved
5 having the
an identical number

pble sBfactor

dy to decode the
ee C.24.1.2). A
int traRgform (

1l be zero.

pd below.

par. If tables specified
eplace the previous

he JPEG-LS

hg tables, or oversize
f a JPEG-LS preset

The marker and parameters shown in Figure C.1 are defined below.

NOTE —The value of the length field in the definition lof and in subsequent descriptions of marker segments does not include

LSE JPEG-LS preset parameters marker; marks the beginning of the JPEG-LS preset parameters marker
segment.
LI JPEG-LS preset parameters length; specifies the length of the JPEG-LS preset parameters marker
segment shown in Figure C.1.
ID parameter |D; specifies which JPEG-LS preset parameters follow. If ID = X'01’, the JPEG-L S preset

coding parameters follow. If ID = X'02', a mapping table specification follows. If ID = X'03, a

mapping table continuation follows. If ID = X'04, X and Y parameters greater than 16 bits are
defined.

the marker (see B.1.1.4 of CCITT Rec. T.81 | ISO/IEC 10918-1).

The parameters for each specified ID are specified in the following subclauses.
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C2411 JPEG-L Spreset coding parameters
Figure C.2 specifies the JPEG-L S preset coding parameters which follow the L SE when ID isequal to X'01'.

LSE LI 1 [MAXVAL T1 T2 T3 RESET

Figure C.2 — L SE marker segment for JPEG-L S preset coding parameters

The new parameters shown in Figure C.2 are defined below. The size and allowed values of each parameter are given in
Table C.

MAXVAL  maximum possible value for any image sample in the scan. This must be grealter than or equal to
the actual maximum value for the components in the scan.

1 first quantization threshold value for the local gradients.

2 second quantization threshold value for the local gradients.
3 third quantization threshold value for the local gradients.
RESET value at which the countefs B, andN are halved.

Table C.1 — LSE marker segment parameter sizes and
values for JPEG-LS preset coding patameters

Parameter (‘Eifse) Values
LI 16 13
1D 8 1
MAXVAL 16 0, or < MAXVAL < 2F
T1 16 0, orNEAR +1<T1<MAXVAL
T2 16 0,0rT1<T2< MAXVAL
T3 16 0,0rT2<T3<MAXVAL
RESET 16 0, or 3 RESET < max(255MAXVAL)

NOTE [1 — P is the number ofthits per image sample, contained in the start of frame marker segment, fs defined in CCITT
Rec. T|81 | ISO/IEC 10918-%

For MAXNVAL, T1, T2, T3-and RESET, a value of 0 indicates reverting to default values as given in Tablg C.2. The
SOI markgr also resets'these parameters to default values given in Table C.2. The default values of T1, T[2, and T3

specified in C.2.4.14:Lare calculated from the values of MAXVAL and NEAR that arein force at thetimethat T1, T2,
and T3 ar¢ used.

NOTE |2 ~The values off1, T2, andT3 may change during the encoding process other than lyS&marker fegment, for
exampley.if.default values are used and the valldEAR is changed by a scan header.

Table C.2 — Default values for JPEG-LS preset coding parameters

MAXVAL 2P-1
T1 See C.2.4.1.1.1
T2 See C.2.4.1.1.1
T3 See C.2.4.1.1.1
RESET 64

NOTE 3 — When ah SE marker is used, default parameter values can be specified by either using the value O or by explicitly
specifying the default value in the marker segment.
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C.24.1.1.1 Default threshold values

The default threshold values T1, T2, and T3, for gradient quantization, are given in terms of MAXVAL, NEAR and the
"basic" default threshold values for the case MAXVAL = 255, lossless coding (NEAR = 0), denoted BASIC_T1,
BASIC T2, and BASIC_T3. These default values are given in Table C.3.

Table C.3 — Default threshold valuesin case MAXVAL =255 NEAR =0

BASIC_T1 3
BASIC_T2 7
BASIC_T3 21

The clamping function defined 1n Figure C.3for integeaiad] IS also needed.

In the ¢
FACTOR

Otherwis
FACTOR

pse whereMAXVAL > 128, the dependence of the default values MAXVAL is sf

CLAMP(i,j) = jifi > MAXVAL ori < j,
i otherwise.

Figure C.3 — Clamping functionsfor default thresholds

=[min(MAXVAL, 4095)+ 128)/256] The default values inthis case are given in Figure C.

T1=CLAMP(FACTOR * (BASIC_T4~2) + 2 + 3*NEAR, NEAR + 1)
T2 = CLAMP(FACTOR * (BASIC:T2-3) + 3+ 5*NEAR, T1)
T3 = CLAMP(FACTOR * (BASICT3 —4) + 4+ 7*NEAR, T2)

Figure C.4—Default valuesin case MAXVAL = 128

p, if MAXVAL < 128, .the dependence of the default values MAXVAL is sp

= [256/(MAXVAL + 1)U The default values in this case are given in Figure C.5.

T1& CLAMP(max(2,[BASIC_TLFACTORCH 3*NEAR), NEAR + 1)
T2 CLAMP(max(3,[BASIC_T2/FACTOR+ 5*NEAR), T1)
T3 = CLAMP(max(4,[BASIC_T3/FACTORC+ 7*NEAR), T2)

Figure C.5—Default valuesin case MAXVAL <128

1.

ecified by

pcified by

C.241.2
Figure C.

34

M apping table specification

6 specifies the mapping table contained ith 8 marker segment whdi is equal to X'02'.

LSE LI 2 TID | Wt Table[0.MAXTAB]

Figure C.6 — L SE marker segment for mapping table specification
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The new parameters shown in Figure C.6 are defined below. The size and allowed values of each parameter are givenin
TableC.4.

TID
Wit

TABLE[0.MAXTAB]

table ID; specifies the identification number of the table specified.

table.
sample mapping table; each entry has Wt bytes.

width of table entries in bytes; specifies the number of bytes per entry in the selected

MAXTAB defined in Figure C.7:
IMAXVAL if (5+ Wt*(MAXVAL + 1)) <65535
MAXTAB = EE65530] .
1 otherwise
Hwt H
Figure C.7 — Definition of MAXTAB
The valuelof MAXVAL in Figure C.7 isthe onein force at the time the table is referred to.in‘a scan header.

When m3
MAXTAB
Therefore
Each entry
This Reco

NOTE
interpr
If MAXT

of maxim
immediat€

Parameter Size (bits) Values
LI 16 5 +Wt*(MAXTAB + 1)
1D 8 2
TID 8 1to 255
Wt 8 1to 255
TABLEI], Wt*8 Oto2V'8_1
i =0.MAXTAB

pping tables are used, the decoder uses the reconstructed value Rx to index the correspondin
= MAXVAL , then the tablespecified in the LSE marker segment has one entry for each possibl

the table has MAXVAL , +1 entries, and the entries are written in the bit stream in ascending o
in the table contains Wt bytes. The decoder trandates the value Rx to the Wt-byte long value TA
mmendation | International Standard does not define an interpretation for the Wt bytesin an entry.

- A possible interpretation is a vector in some colour space. For examplgywitl3, the 3 bytes in a table
bted as R,G,Bevalues in a colour palette.

AB < MAXVAL, then a complete mapping table with MAXVAL entries does not fit an L SE mark
Um possible length (LI = 65535 bytes), and the LSE marker segment with ID equal to X'02
|y foltowed by one or more L SE marker segments with I D equal to X'03' ("mapping table continuat

atotal of N

Table C.4 — LSE marker segment parameter sizes and values for mapping table specificagjon

y table. If
value Rx.
der of Rx.
BLE [RX].

entry could be

br segment
" must be
on"), until

AXVAL + 1 tahle entries have heen specified

C.24.13

M apping table continuation

The structure of the mapping table continuation segment is similar to that of the preceding mapping table specification as

specified i

MAXTABX

n C.2.4.1.2, with the following differences:

the length field L1 contains the number 5 + Wt*(MAXTABX + 1), for a value MAXTABX
Figure C.8

the 1D field contains the value X’ 03’
the table entriesare TABLE[0.MAXTABX]

defined in

is defined in Figure C.8 in terms of the number ENTRIES of mapping table entries that are till

unspecified following the most recent table mapping specification segment (with 1D = X'02") and any associated
mapping table continuation segments (with ID = X’ 03") preceding the current one.

ITU-T Rec. T.87 (1998 E)
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[ENTRIES-1
MAXTABX = H'65530]

HH wit Efl

Figure C.8 — Definition of MAXTABX for mapping table continuation

if (5+ Wt *ENTRIES + 1))< 65536

otherwise

The values TID and Wt shall be identical to those of the preceding mapping table specification segment. A mapping
table continuation segment shall follow a mapping table specification segment with the same TID value, or another

mapping table continuation segment with the same TID value.
If MAXTA = —T1;
with the qurrenfTID value. IMAXTABX < ENTRIES - 1, thenENTRIES is reduced byN|AXTABX™A

followed

Table en
segment,

LSE mar
segments

Dy more mapping table continuation segments with the Sabhealue.

ries shall be written in increasing ordeRwfwithin a mapping table specification, or contin
and from one segment to the next.

er segments may be present anywhere in the compressed image data Where tables or
are permitted. At the time the table is referred to, the number of its entries (as determined

pgment associated
1), and is

Liation marker

miscellaneous marke|
by the mapping table

specification segment and any associated mapping table continuation segments) must be consistent with the value of

MAXVAL currently in effect.
C.2.4.1.4 | Oversizeimage dimension
Figure CJ9 specifies the oversize image dimension parameters €ontained. BEtinearker segment thlD
to X'04'. The oversize image dimension parameters enable the, specification of image diménaiwhXe th
larger thgn % — 1.
LSE LI 4 Wxy Ye Xe
< Wxy > < Wxy >
Figure C.9 — LSE"marker segment for oversize image dimension
The new parameters shown infFigure C.9 are defined below. The size and allowed values of each parameter &
Table C.5
/Xy number of bytes used to represent Ye and Xe.
Ye number of linesin the image.
Xe number of columns in the image.
Table C.5 — LSE marker segment parameter sizes and values for oversize image dimens
Parameter Size (bits) Values
LI 16 4+2*\Wxy
ID 8 4
Wxy 8 2to4
Ye Wxy*8 0to 2Wxy*8_1
Xe Wxy*8 1 to 2Vxy*8_1

is equal
at can be

egivenin

on

A Ye value of zero means that the value is defined either in a DNL marker immediately following the first scan or in a

following

36

LSE marker segment that shall not occur later than immediately following the first scan.
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C.25 Restart interval definition syntax

The restart interval marker segment is specified in Figure B.9 of CCITT Rec. T.81 | ISO/IEC 10918-1. Table B.7 of
CCITT Rec. T.81 | ISO/IEC 10918-1 is modified in this Recommendation | International Standard to allow the segment
length to vary from 4 to 6 bytes. This permits the restart interval to vary from two to four bytes to accommodate the
largest possible number of columns and lines. If the restart interval is a 24- or 32-bit parameter, the convention still
applies that the Most Significant Bit (MSB) shall come first and the Least Significant Bit (LSB) shall come last.

C.26  Definenumber of lines syntax

Figure B.12 of CCITT Rec. T.81 | ISO/IEC 10918-1 specifies the marker segment which defines the number of lines.
Table B.10 of CCITT Rec. T.81 | ISO/IEC 10918-1 is modified in this Recommendation | International Standard to
allow the segment length to vary from 4 to 6 bytes. This permits the number of lines to vary from two to four bytes to
accommodate the larger possible number of lines. If the number of lines parameter is a 24- or 32-bit parameter, the
convention till applies that the MSB shall come first and the | SB shall come last

C.3 A\bbreviated format for compressed image data
L SE marKer segments which define mapping tables may be omitted if the application environment provides methods for
table specification other than by means of the compressed image data.
C4 \bbreviated format for table-specification data

L SE marker segments which define mapping tables may be present in compressed tata’that have no frames.
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Annex D

Control procedures
(Thisannex forms an integral part of this Recommendation | International Standard)

This annex describes the encoder control procedures for the encoding process.

NOTE 1 — There iso requirement in this Recommendation | International Standard that any encoder or decoder shall implement
the procedures in precisely the manner specified by the flow charts in this annex. It is necessary only that an encatiar or deco
implement thdunction specified in this annex. The sole criterion for an encoder or decoder to be considered in conformance with
this Recommendation | International Standard is that it satisfy the requirements given in clause 8.

NOTE 2 — Implementation-specific setup steps are not indicated in this annex and may be necessary.

D1 Contraol nrocedurefaor encodina-an imaae.
. ALO4 LHelor-encoding-an-Hihag

The encoger control procedure for encoding an image is shown in Figure D.1.

Encode_image

Append SOI
marker

Encode_framé

)

Append EOI
marker

Done
T0828180-98/d07

Figure D.1 — Control procedure for encoding an image

D.2 Control procedurefor encoding a frame

In all cases Where markers are appended to the compressed image data, optional X’ FF’ fill bytes may precede {he marker.

The control procedure for encoding a frame is oriented around the scans in the frame. The frame header is first
appended, and then the scans are coded. Table specifications and other marker segments may precede the SOFgs marker,
asindicated by [Append tables/miscellaneous] in Figure D.2.

Figure D.2 shows the encoding process frame control procedure.

D.3 Control procedurefor encoding a scan

A scan consists of a single pass through the data of each component in the scan. Table specifications and other marker
segments may precede the SOS marker. If more than one component is coded in the scan, the data are interleaved. If
restart is enabled, the data are segmented into restart intervals. If restart is enabled, a RST, marker is placed in the
coded data between restart intervals. If restart is disabled, the control procedure is the same, except that the entire scan
contains a single restart interval. The compressed image data generated by a scan are always followed by a marker,
either the EOl marker or the marker of the next marker segment.
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Encode_frame

[Append tables/miscellaneous]

Append SOFz; marker and rest
of frame header

—

Encode_scan

[Append DNL
segment]

No I

>
%

No

T0828190-98/d08

Done

Figure D.2 — Control procedure for encoding a frame

Figure D.3 shows the encoding process scan control_procedure. The loop is terminated when the encoding grocess has
coded thejnumber of restart intervals which make ugsithe scan. "m" is the restart interval modulo counter neegled for the
RST ,, marker. The modulo arithmetic for this counter is shown after the "Append RST ,, marker" procedure.

Encode_scan

[Append tables/miscellaneous]
Append SOS marker and rest
of scan header, m=0

—

Encode_restart
interval

More intervals?

Append RST,,

marker Done
m=(m+1) AND 7
L] T0828200-98/d09

Figure D.3 — Control procedure for encoding a scan
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D.4 Control procedurefor encoding arestart interval
Figure D.4 shows the encoding process control procedure for a restart interval. The loop is terminated either when the

encoding process has coded the number of minimum coded units (MCU) in the restart interval or when it has completed
the image scan.

Encode_restart
_interval

Reset_encoder

I

Encode_MCU

No

Prepare~for_marker
Yes

Done

T0828210-98/d10

Figure D.4 — Contrel procedure for encoding a restart interval

The "Resgt_encoder" procedure consists at least of the following:

H) initialise varigbles according to the corresponding interleave mode asiif the first line of each component in
the restart interval were the first line of the same component in a scan (see A.2.1, B.2.2 and B.3|2);

D)  do al]-Gther implementati on-dependent setups that may be necessary.

The proceflure("Prepare for_marker" terminates the coded image data segment by:

a) Ir\;‘ar‘lr'li ng the fina h\]/'rn with zero bits

NOTE — The number of minimum coded units (MCU) in the final restart interval must be adjusted to match the number of MCUs
in the scan. The number of MCUs is calculated from the frame and scan parameters.

D.5 Control procedurefor encoding a Minimum Coded Unit (M CU)

The minimum coded unit is defined in Annex B. Within a given MCU the samples are coded in the order in which they
occur in the MCU. The control procedure for encoding an MCU is shown in Figure D.5.

In Figure D.5, Nb refers to the number of samplesin the MCU. The order in which samples occur in the MCU is defined
in Annex B.

The procedures for encoding a sample are specified in Annexes A and B.
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Encode_MCU

n=n+l
Encode sample

No

Yes

Done
T0828220-98/d11

Figure D.5 — Control*procedure for encoding a Minimum Coded Unit (MCU)
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Annex E

Conformance tests

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

This annex specifies test images for conformance testing as specified in clause 8.

E.1l Test images

The conformance tests for encoders and decoders specified in this Recommendation | International Standard are based
on a collection of test images, which form part of this Recommendation | International Standard, and consist of a set of
single- and multi-component image data, both source image data, and image data encoded in accordance with the

processes Fpeciti
Source | es are stored as computer files in PGM (single-component) or PPM (multi-component) fortmet.|Details of
these formats are given in E.1.3. Components of a three-component multi-component test image-are labgled "red",
"green”, and "blue'. Compressed image data is stored in digital computer files in the format specifipd in this
Recommendation | International Standard.
E.1l1 Sour ce images
The list of|source test imagesis detailed in Table E. 1.
Table E.1 — Source test images
Precision . .
Irr]naa : (bits per Components CO?J%?\Z?ERSS Comments
sample) ( §s)

TESTS8 8 3 256x256 Reference 8-bps colour image

TEST8R 8 1 256 256 "red" component of TEST8

TEST8G 8 1 256¢ 256 "green" component of TEST8

TEST8B 8 1 256x 256 "blue” component of TEST8

TEST8GRA4 8 1 256 64 "green" component of TEST8,|sub-sampled

4X in the vertical direction
TEST8BE2 8 1 12& 128 "blue" component of TESTS8, |sub-samp|ed
2X in both vertical and horizontal directions

TEST16 12 1 256 256 Reference 12-bps monochromeg image
TEST8 is|an 8-bit per sample RGB colour image composed of areas of photographic, graphic, text, and rapdom data.
Other images starting’with the prefix TEST8 are derived from TEST8 as indicated in the "Comments' folumn of
TableE.1] TEST16 i$ a 12-bit per sample monochrome image with a similar composition. Sub-sampling| an image
componertt by naX-is achieved by using every m-th sample of the component in the appropriate direction, stgrting from
the first sgmple;-and without interpolation.

NOTE The mixture of data in the tast imaaes was desianed ta exercise manv naths aof tho nnnnding add decoding processesl

I 9 J
There is no guarantee, however, that every possible path of the processes will be exercised.

E.1.2  Compressed image data

Thelist of compressed image datais detailed in Table E.2.

Each compressed image contains one frame, with the number of scans specified in the table. For multi-scan images, each

scan contains one component (“red

, "green" and "blue" in this order), and the same NEAR parameter is used for all

scans. Scans contain no restart markers.

For Test No. 7 and Test No. 8, the components of image TEST8 are given in the " Source Image(s)" column and are sub-

sampled asindicated in Table E. 1.

For parameters not explicitly specified in the table, all tests use default values as defined in Annex C, except for Tests
Nos. 9 and 10, which use non-default valuesfor T1, T2, T3 and RESET.
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Table E.2 — Compressed image data
Test Compressed Source Compo- Sub- Other JPEG-LS
No. file name image(s) nents NEAR Scans ILV sampling parameters
1 T8COEQ.JLS | TEST8 3 0 3 0 none default
2 T8C1EOQ.JLS TEST8 3 0 1 1(line) none default
3 T8C2E0.JLS | TEST8 3 0 1 2 (sample) none default
4 T8COE3.JLS TEST8 3 3 3 0 none default
5 T8C1E3.JLS | TEST8 3 3 1 1(line) none default
6 T8C2E3.JLS | TESTS8 3 3 1 2 (sample) none default
7 T8SSE0.JLS TEST8R 3 0 1 1(line) See below default
FESTFEGR4
TEST8BS2
8 [T8SSE3.JLS TEST8R 3 3 1 1(line) See below default
TEST8GR4
TEST8BS2
9 T8NDEO.JLS | TEST8BS2 | 1 0 1 0 none T1=T2=TBR=9
RESET=31
10 T8NDE3.JLS | TEST8BS2 | 1 3 1 0 none T1=T2=TBR=9
RESET=31
11 T16E0.JLS TEST16 1 0 1 0 none default
12 [T16E3.JLS TEST16 1 3 1 0 none default
E.1.3 Test image formats
For the pyrpose of conformance testing, the source test images:are stored in computer files using the followirg formats.
All charagter coding in the formats is in accordance with |SO/NEC 646:1991.
NOTE |- These formats are defined only for the purpose(of”distributing test images for conformance testing as part of this
Recominendation | International Standard. This Recommendation | International Standard does not prescribe any spetific format
asinpuf for the encoding process, or as output from the'decoding process.
E.1.3.1 PGM format (for single-componentimages)
The file stprts with a header consisting of 8 linesin the following format:
P5
XY
MAXVAL
Here, "P5] istext coded.ifvaccordance with ISO/IEC 646, X and Y are, respectively, the number of columns gnd lines of
the imagg (decimal integers represented in character coded format, separated by a space), and MAXVAL is the
maximum| sample_Value (a decimal integer represented in character coded format). As an example, the header for
TEST16.HGM hasthe following format:
P5
256 256
4095

The header is followed by X*Y samples in binary format, stored in raster scan order, line by line. For TEST8 and its
derived images, each sample occupies one byte. For TEST16, each sample occupies two bytes, with the most significant
byte of the sample stored before the least significant byte, and with the 12 bits of the sample stored in the least
significant bits of the two bytes representing the sample.

E.1.3.2 PPM format (for multi-component images)

Thisis athree-component file format which starts with a header consisting of three lines in the following format:

P6
XY
MAXVAL

ITU-T Rec. T.87 (1998 E)
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Here, "P6" is character coded text, X and Y are, respectively, the number of columns and lines of the image (decimal
integers represented in character coded format, separated by a space), and MAXVAL is the maximum sample value (a
decimal integer represented in character coded format). As an example, the header for TEST8.PPM has the following
format:

P6
256 256
255

The header is followed by 3*X*Y samples in binary format, stored in raster scan order, line by line, and column by
column, with samples interleaved from each component in "red”, "green", "blue" order. For TEST8 and its derived
images, each sample occupies one byte (thus, each sample position within aline occupies 3 bytes, corresponding to the 3
image components).
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Annex F

Decoding procedures

(This annex does not form an integral part of this Recommendation | International Standard)

F.1 Pr ocess flow

© 1999 (E)

The coding specified in this Recommendation | International Standard is fairly symmetric, meaning that both the
encoding and decoding processes use the same basic procedures and follow almost the same steps in reverse order
(besides a few sign changes). For the decoding process, therefore, only the process flow is shown. Details on the
different procedures can be found in the detailed clausesin Annex A.

NOTE — There is10 requirement in this Recommendation | International Standard that any encoder or decoder shall implement

the prrm:-dnmq in pmr‘iqply the manner anm‘ifiprl in this Annex It is necessary nnly that an encaoder or
function specified in this Annex. The sole criterion for an encoder or a decoder to be considered inCeg
Reconjmendation | Standard is that it satisfy the requirements determined by the conformance tests given, in

.

T

Initialisation:

a) Assign default values to non-specified JPEG-L S preset coding parameters (sege-A.1).

b) Initiaise the non-defined samples of the causal template (see A.2.1).

¢) Compute the variable RANGE (see A.2.1). For lossless coding, RANGE = MAXVAL

MAXVAL + 2* NEAR D+ A

near-lossless coding, RANGE = [5 0
0 2* NEAR +1 0

Compute the parameters gqbpp = og RANGEL bpp = max(2, Dog(MAXVAL +
LIMIT =2*(bpp + max(8, bpp)).

O
d) For each context Q, initialise four variables (see A.2.1): A[Q] = max%gﬂc;i
H 2

B[Q] =C[Q] =0, N[Q] = 1. For AlQJcand N[Q], Q is an integer between 0 and 366
and C[Q], Q isan integer between Q and 364 (regular mode contexts only).

€) Initialise the variables for the rurmode; RUNindex = 0 and J[0..31] ={0,0,0,0,1, 1, 1, 1
3,3,334,4,5,5,6,6,7,7, 8, 910,11,12,13,14,15} .

f) Initidise the two run intérruption variables Nn[365], Nn[366] = O.
Compute the local gradients according to Code segment A.1.

Select the mode following the procedure in Code segment A.2. If run mode is selected, go tg
(step 18), otherwise continue with the regular mode.

Quantize the'tocal gradients according to the steps detailed in Code segment A.4.

ecoder implement the
nformance with this
clause 8.

+ 1. For

10, and

+ 25%

for B[Q]

2,2,2,2,

run mode

Check<and change if necessary the sign of the context, modifying accordingly the varigble SIGN

(seeA.3.4).
Compute Px according to Code segment A.5.

Correct Px_using _C[Q] and the variable SSGN _and clamp the corrected value to th

e interval

10.

11.

[0..MAXVAL] according to the procedure in Code segment A.6.

Compute the context-dependent Golomb variable k according to the procedure in Code segment
Decode the mapped error value MErrval:

a) Read the unary code. If it contains less than LIMIT —qgbpp — 1 zeros, use it to fo

A.10.

rm the most

significant bits ofMErrval and readk additional bits, to compose theleast significant bits of

MErrval.

b) If the unary code containsIMIT —qgbpp — 1 zeros, readbpp additional bits to get a binary

representation dfiErrval —1.

Perform the inverse of the error mapping indicated in Code segment A.11, wheéEnoma is given

andErrval is computed.

Update the variables according to Code segment A.12.

ITU-T Rec. T.87 (1998 E)

45


https://iecnorm.com/api/?name=731abf18b80dafde669afdc24edfecc8

| SO/I EC 14495-1 : 1999 (E)

12. For near-lossless coding, multiply Errval by (2*NEAR+1).
13. Invert sign of Errval if the variable SGN is negative.

14. Compute Rx = (Errval + Px) modulo [RANGE* (2*NEAR+1)]. For near-lossless coding, map Rx to the
interval [NEAR..RANGE*(2* NEAR+1)-1-NEAR]. ClampRx to [0.MAXVAL]. This is done by the
following procedure, where the C programming language is used as specified in A.2.2:

if (Rx < -NEAR)

Rx = Rx + RANGE* (2* NEAR + 1);
dseif (Rx>MAXVAL + NEAR)

Rx = Rx ~RANGE* (2* NEAR + );

H-(Ro<0)
RX = 0;
dseif (Rx>MAXVAL)
RX = MAXVAL:

|5. Map Rx using the inverse point transfor®t specified by the parametexl (see B.2.3 of CCITT
Rec. T.81 | ISO/IEC 10918-1) and the applicable mapping table, if-any, as specified in Annex C.

6. Compute the prediction correction vall{€)] according to the proceédure in Code segmeni A.13.

| 7. Process next sample of the same component or of next.eemponent, starting from Step 2, as specified in
Annex B.

8. Run mode decoding:
a) Read a bit, R, from the bit stream.
b) IfR="1"then
i)  Fill the image with 3[RUNindeX] samples of valuRa, or until a line is completed.

i) If exactly 2[RUNindex] samples ‘were filled in the previous step, RBatNindex<31, then increase
RUNindex by one. If the last sample in the line has not yet been decoded, retyrn to step 18.a) to
read more bits from the\bit stream. Otherwise, go to Step 17.

c) IfR='0"then

i) ReadJ[RUNindeX bits from the bit stream and fill the image with the value Ra for as many
samples as the number formed by these bits (MSB first).

i) If RUNindex>0, decremenRUNindex by one.
iii) Decode the run interruption sample value, reversing the procedures in A.7.2.
iv)~‘Go to Step 17.
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ISO/IEC 14495-1:

Annex G

Description of the coding process

(This annex does not form an integral part of this Recommendation | International Standard)

Context modelling

Derivation of gradient

1999 (E)

The context modelling procedure specified in Annex A uses the causal template a, b, ¢, and d depicted in Figure 3. The
context that conditions the coding of the current sampleis built from the differences D1, D2, and D3 of the reconstructed
values Ra, Rb, Rc, and Rd at the sample positions a, b, ¢, and d: D1 = Rd—Rh D2 = Rb—Rcand D3 = Rc—Raln lossless

coding, th
local grad
gradient v

Without f
generated,

Gradients
Internatio
large nur
cost), ori

G.1.2
The grad

symmetrig

modelling

S TCUUI I;ll Ubtcd VC!: ucsS adrc IL:C! Itiba} tU t: U3 Uf t: I SUUIrLc ;IIIC&‘JC data. T: ISSC ullffCICI LS AT |Efu I
ent, and capture the level of activity (smoothness, edginess) surrounding the sample at position-xl
bl ues are used to estimate the statistical behaviour of the prediction errors to be encoded.

Lrther processing of the local gradient values D1, D2, and D3, a very large number of. context
This has a number of disadvantages:

If a small number of samples are coded in the same context, there will in gene
information to collect the relevant statistics for the context;

The memory requirements to implement the coding procedufes specified in this
International Standard increase with the number of contexts:

with similar characteristics are therefore merged to create ‘conditioning contéhits.Recom

hber of contexts without excessive penalty in code length due to the number of paramet
n memory requirements.

Duantization

ent merging procedure is basedqoantizing\the local gradient defined abov&ssuming the
(that is, there is no preference to vertical over horizontal orientatidhsp2, and D3 inf
in the same way, and each of (theése differences is quantized into a small numbe

equiprob

The probpbility of a local gradient taking-the valuis assumed to be the same as the probability of it
-v. The quantizer is therefore symmetric about a difference value of&educther reduction in the numbe

is obtain
triplet (-Q

G.13

G.131

ble regions.

d by merging quantized gradients of opposite sidres.quantized triple(Ql, Q2, Q3) is merg
1, —-Q2, —Q3). This last\merging procedure is compensated by changing the sign of the pred

Prediction

Prediction-basis

In the c(
informatig
that the

pntext 'modelling procedure, the local gradients are quantizedrder to partially compen
ndoss, the context determlnatlon procedure is followed by a predlctloﬁ'lstemiea behind this

to as the
hese loca

5 could be

al not be enough

Recommendation |

mendation |

nal Standard, only a small number of statistical parametets need to be estimated peT leisngtrivs for a

brs modelled (model

mage to be
uence the
r of approximately

taking the value
r of contexts

bd with the
ction error.

sate for this
procedure is

instead of codmg the value itself, the prediction error is encoded.

rrouridieg,it.

The prediction procedure in this Recommendation | International Standard is based on the subset of samples at positions
a, b, andc of the causal template depicted in FigBrevherex denotes the position of the current sample to be encoded.

G.1.3.2 Edgedetection

The first step in the prediction procedure defined by this Recommendation | International Standard is to perform a simple
test to detect vertical or horizontal eddgéan edge is not detected, then the predicted v@kiat the sample position
is Ra+Rb—Rg¢ as thiswould be the value at x if a planeis passed through the a, b,and ¢ sample locations, with respective
heights Ra, Rb, Rcand the constraint is imposed that the current sample belongs to the same plane. This constraint
expresses the expected smoothness of the image in the absence of edges. If a vertical edge is detected, the value at b,
(Rb), is predicted. If an horizontal edge is detected, the value at a, (Ra), is predicted. This procedure is performed by the
simple formulain Figure G.1.
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Cmin(Ra, Rb) if Rc 2 max(Ra, Rb)
Px= fnax(Ra,Rb)  if Rc < min(Ra, Rb)
H?a + Ro—Rc otherwise.

Figure G.1 — Basic edge-detecting predictor

G.1.3.3 Prediction correction

Following the basic predictor, the pred|cted valueis corrected by a blas-dependent term. The encodmg procedure in this

Recomme]
Ssymmetrig
prediction
Standard
interval.
After this

guantized.

G.2

After the
corrected
corrected
parametg
error vall

G.z21

Golomb ¢
integer p
represen
geometri
the paran
for non-n

G.22

The sped
code forn
significan
by G(k). |

Sided
, and centred between -1 and (h context-based models, systematic, context-depende
errors are not uncommon. To alleviate the effect of systematic biases, this Recaommen
defines a bias correction procedure aimed at centring the distribution of prediction er

This procedure is based on the accumulated value of errors incurred so far forrsamples

procedure, the final corrected prediction error is computed. For near-lossless coding

Encoding in theregular coding mode
context is determined, and if it does not take the encoding procCess into the run mode, the

prediction error. For this, a scheme derived from Golaemb-coding is used. This means thg
rs, representing the decay rate of the distribution and its'bias, have to be estimated for eac
es are mapped into non-negative ones prior to enceding.

Code definition

oding was first introduced as a means for encoding series containing non-negative run le|
hrameteay, the Golomb code of ordeyencodes an integergreater than or equal to 0 in two
ation of the integer partrdf, and_abinary representation ofi modulo g. Golomb codes are

probability distributions for non-pegative integers. For every distribution of this form, ther
neteg such that the code yields:the shortest possible average code length over all uniquely
Pgative integers.

Power -of -2 case

ial case of Galomb codes whgiie ak-power of 2leads to very simple encoding/decoding
consists of.the' number formed by the higher order bits of unary representation, followed
t bits ofn—~This specific case is the one used in this Recommendation | International Stand
h the following examplek stands for the Golomb variable, wheres equal to thé-th power of 2

G.23

jeometric,

t biases in the
jation | International
rors in the targeted
pf the same context.
this error is then

prediction, bias, and

prediction error are computed. The last step of the encodirig process in this mode of operation is to encode this

t only two statistical
n context. All possible

ngths. For a positive
bartainary

optimal for
P exists a value of
decipherable codes

rocedures: the
by théeast
ard and is denoted

Example

This example applies fdB(2). The valuen=19 is assumed. The binary representation of 19 is 10011. Thek+&p (

lowest significant bits are sent as they are (11). This corresponds 1® 3nodulo 4. The remaining higher significant

bits, 100, represent the integer part of the quotient 19/4, i.e. the number 4. This number is sent in unary form as
four zeros and a terminating one, 00001. Combining both parts, with the unary part first, the ced® fevith k=2,

is 0000111.

G.24  Limited length Golomb code

In practice, when encoding a bounded set of non-negative integers, it is desirable to limit the maximum length of
a Golomb code word (which f@(0) isj + 1, wherej denotes the maximal integer in the set, often a large number) to

a numberglimit of bits. A method for this is to use the cddg(k, glimit) defined in this clause, where it is assumed

k < og j0(otherwise the expanding co@k) would be systematically outperformed G{flog j(-1).

48 ITU-T Rec. T.87 (1998 E)


https://iecnorm.com/api/?name=731abf18b80dafde669afdc24edfecc8

| SO/IEC 14495-1 : 1999 (E)

To encode a non-negative integer n, the number g formed by the higher order hits of n is computed. If

g < glimit - og j(+1, the encoding process proceeds a&{&). Sincek < [og j[J the total code length after appending

k bits is within the required limit. 1§ = glimit — (og j00-1, thenglimit — [og jC—1 is encoded in unary representation
(i.e. glimit —og jO0-1 zeros followed by a one), which acts as an "escape code," followed by an explicit binary
representation a1, with (og jbits, for a total ofjlimit bits. If glimit > (og jC+1, n = 0 always satisfies the condition

for regular Golomb encoding, so that the length limitation is applied only in casesmhéeand the binary code for

n—1 is{og jObits long as claimed.

G.25 Coding negative values

Golomb codes were originally designed for non-negative integer values. Prediction errors from the prediction procedure
described in Annex A can also be negative, and hence their distribution is in general two-sided geometric and
symmetric, rather than one-sided. One way of extendlng the above cod|ng scheme to handle th|s situation is to map all

possible g v pf the centre of this
two-sided dlstnbut|on which is closely related to the bias measurement described in Annex A. In-thi$ Recommendation |
Internatignal Standard, the mapping described in Annex A and Annex F approximates the optimal' sglution for two-sided
geometri¢ distributions. Table G.1 shows an example of coding of prediction errors with this ‘mapping, and the limited
length Golomb codéG(2,32), for 8-bit alphabetdlpg j0= 8, following the notation of G,2.4): In this|example, the
limitation|does not apply for mapped values smaller than 92.
Table G.1 — Example coding of prediction errors
Prediction error Mapped value Code LG(2,32)

0 0 1 00

-1 1 101

1 2 1 40

-2 3 M1

2 4 01 00

-3 5 01 01

3 6 01 10

-4 7 01 11

4 8 001 00

-5 9 001 01

5 10 001 10

-6 11 001 11

6 12 0001 00

—7 13 0001 01

vé 14 0001 10

-8 15 0001 11

8 16 00001 00

-9 17 00001 01

(o] 18 00001 10

13s4 19 00001 11

-10

10 20 000001 00

-11 21 000001 01

11 22 000001 10

-12 23 000001 11

12 24 0000001 00

50 100 0000000000000000000

00001 01100011
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G.2.6 Parameter determination

One of the crucial steps in schemes using Golomb coding is the determination of the optimal value of the code
parameter k, the value yielding the shortest possible average code length for the mapped prediction errors. In this
Recommendation | International Standard, the value of k is context-dependent and varies adaptively. The value of k for
each context is updated each time a sample belonging to that context is encoded. The updated value is based on the
accumulated sum of absolute values of prediction errors that occurred in the same context and is defined in Annex A.

G.3 Encoding in therun mode

In a pure Huffman coding process, at least one bit per sample is needed. In order to increase the compression in uniform
image areas, arun mode coding procedure is added in this Recommendation | International Standard.
If the reconstructed values at sample positions a, b, ¢, and d are identical, or their absolute difference is less than or
;l Weel e G H €8 v 8sS -4_-i e OC EBRters e U U . B S remii _A ----- ;;A &:ansthe
ting from the sample at position x until a sample is met which is not identical to the reconstructed'vielue of the
(or not nearly identical within the bounds set for near-lossless coding), or the end of the current sample line
is encountered. The encoder encodes the length of the run and the sample immediately after the run ends (if the run was
not terminated by reaching the end of the current line). The procedure defined in this Recommendation | Infernational
Standard flor coding run lengths can be viewed as an extension of Golomb coding. In run mode)ythe coding prpcess does
not use prediction.
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Examples and guidelines
(This annex does not form an integral part of this Recommendation | International Standard)

H.1 I ntroduction

1999 (E)

This annex includes a number of examples intended to indicate how the encoding process works, and how the resulting
bit stream should be output. The examples are intended to indicate the coding principles only, as the very small image
data set used will in practice result in data expansion rather than compression, particularly after marker segments and file
format information is added to the output bit stream.

H.2 EXample of NOW DITS ar € OUTpUT in the bit Stream

Assume the encoder to be at the beginning of the coded image data segment and that the encoding praeess gutputs the

following pinary codes:

These bin

101001 (length 6)
111 (length 3)
1100000001  (length 10)

y numbers are written with the most significant bit in the leftmost position. Fhe output bit stream w

ill contain

the byte 1p100111 followed by 11100000. The current incomplete byte will contain.001xxxxx. The most significant bit

of the nex} binary code will fill the 41" most significant bit of the current incompléte byte. If there were no n

codes aft
image dat

H.3
This codir

Detailed coding example

g example is based on the sixteen-byte sample image-shown in Figure H.1.

The inner

box'represents the actual image, whilst the shaded area represents the implied values for Rb.Rc an

the three listed above, the incomplete byte would be padded with-Zeros as 0010000 to terminate
segment.

Index 0 1 2 3 4 5
0 o0 o0 o0 0 0
sb'O

S O 0 9 74| 74

) 68 50 43 205 | 205

68 64 145 145 145 | 145

64 100 145 145 145
T0828230-98/d12

A WN R

Figure H.1 — Example image data

ore output
the coded

Rd, when

the sample Ix isin the first line, for Ra and Rc when the sample Ix is in the first column, and for Rd when the sample Ix
isinthe last column. Lossless coding and default parameters are assumed.

NOTE - To represent the output bit stream, when more than 5 bits of the same kind appear one after the other, they will be
denoted as the count of the bits, followed by the bit value in word form. For example, 1010000001 will be representéd as 101

zero bits-1.

Firstly, Line 1, Samples 1 through 3 are encoded:

Rc=0 Rb= Rd=0

=0 I1x=0

D1=D2=D3=0, so run mode is entered.
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The parameter values before encoding are:
NOTE - In all the tables in this examplErrval (mod) indicates the value &rval after modulo division.

RUNval | RUNcnt | RUNindex | Ritype | Errval | TEMP k map |(EMErrval| Q A[Q] N[Q] | Nn[Q]
(mod)
0 2 0 1 90 4 2 0 179 366 4 1 0
and hence the output bitsare1 1 + 23 zero bits+110110010
The parameter values after updating are:
RUNindex AlQ] N[Q] NNn[Q]
1 93 2 0
Line 1, Sgmple 4 is now coded:
Rc=0 Rb=f Rd=0
Ra=90 IX=74
The parameter values before encoding are:
Q1 Q2 Q3 Px SGN Errval Errval k MErrval | A[Q] B[Q] C[Q] N[Q]
(mod)
0 0 4 90 -1 16 16 2 32 4 0 1
and hencejthe output bits are 8 zero bits + 100
The parameter values after updating are:
AlQ] B[Q] ClQl N[Q]
20 0 1 2
Line 2, Sgmple 1 is now encoded:
Rc=0 Rb=l Rd=0
=0 Ix=68
D1=D2=03=0450'run mode is entered.
The parametervalues before encoding are:
RUNval | RUNent | RUNindex | Ritype | Errval | TEMP k map |EMErrval| Q A[Q] N[Q] | Nn[Q]
(mod)
0 0 1 1 68 94 6 0 135 366 93 2 0
and hence the output bitsare 0001000111
The parameter values after updating are;
RUNindex AQ] N[Q] NNn[Q]
0 160 3 0

52
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Rc=0 Rb= Rd=90
Ra=68 I1x=50
The parameter values before encoding are:
Q1 Q2 Q3 Px SGN Errval Errval k MErrval | A[Q] B[Q] C[Q] N[Q]
(mod)
4 0 -4 68 1 -18 -18 2 35 4 0 0 1
and hencelthe output bitsare 8 zero bits+11 1
The parameter values after updating are;
AlQ] B[Q] ClQl N[Q]
22 -1 -1 2
Line 2, Sgmple 3 is now encoded.
Rc=0 Rb=90 Rd=74
Ra=50 Ix=43
The parameter values before encoding are:
Q1 Q2 Q3 Px SGN Errval Errval k MErrval | A[Q] B[Q] C[Q] N[Q]
(mod)
3 -4 4 90 -1 47 47 94 4 0 1
And hencg¢ the output bitsare 23 zero bitss+101011101
The parameter values after updating are:
AlQ] B[Q] ClQl N[Q]
51 0 1 2
Line 2, Sgmple'44is now encoded.
Rc=90 Rb=74 Rd=74
Ra=43 Ix=205
The parameter values before encoding are:
Q1 Q2 Q3 Px SGN Errval Errval k MErrval | A[Q] B[Q] C[Q] N[Q]
(mod)
0 3 —4 43 -1 -162 94 188 4 0 0 1
And hence the output bitsare 23 zerobits+110111011
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