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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the
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T RECOMMENDATION

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

Scope

Recommendation | International Standard defines a set of lossless (bit-preserving) and nearly lossless (whe
for each reconstructed sample is bounded by a pre-defined value) compression methods for_€oding contin
gray-scale, or colour digital still images.

Recommendation | International Standard

— specifies a process for converting source image data to compresseddmage 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.

Nor mative refer ences

following Recommendations and International Standards contain provisions which, through referen
fitute provisions of this Recommendation | International Standard. At the time of publication, the ed
valid. All Recommendations and Standardsvare subject to revision, and parties to agreement

n of the Recommendations and Standards listed below. Members of IEC and ISO maintain regis
International Standards. The Telecomimunication Standardization Bureau of the ITU maintaing
ntly valid ITU-T Recommendations.

Identical Recommendations | International Standards

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

— ITU-T /Recommendation T.83 (1994) | ISO/IEC 10918-2:199formation technology -
compression and coding of continuous-tone still images: Compliance testing

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

22

e the
LioUS-

ces in this text,
tions indicated
5 based on this

mmendation | International Standard are~encouraged to investigate the possibility of applying ﬁe most recent

rs of currently
a list of the

Digital

Digital

Digital

Digital

= ITU-T Recommendation T84/Amch ISO/IEC 10918- 3/Amd11 Information technology —

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)
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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
tablg specifications required for decoding, or a representation of mapping tables without frame headerg, scan headers,
and ¢oded image data.

3.1.5 application environment: The standards for data representation, communication, or storage, which have been
established for a particular application.

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

3.1.8 causal template: A set of fixed relative positions of samples (with respect'to the current sample |peing coded)
which have been previously coded according to a pre-specified scan sequence.

319 coded image data segment: The coded representation of one restart interval.
3.1.1p coding: Encoding or decoding.

3.1.1L  coding parameters: Integers used to specify the encoding‘process.

3.1.1P  (coding) process: A general term for referring to an encoding process, a decoding process, or both.
3.1.18  colour image: A continuous-tone image that has.unore than one component.

3.1.1#4 columns: Samples per line in a component!

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

3116 compressed data: Either compressed image data or parameter specification data or both.

3.1.1f compressed image (data): A- coded representation of an image, as specified in this Reconmendation |
Interpational Standard.

3.1.18 compression: Reductionin the number of bits used to represent source image data.
3.1.1p context: Function.of’samples in the causal template used to determine the coding of the presentfsample.
3.1.2D context modelling: Procedure estimating a probability distribution of prediction error from the context.

3121l continueus-toneimage: An image whose components have more than one bit per sample.

3.1.2p deeoder: An embodiment of a decoding process and a sample transformation process.

3.1.28 - decoding process. A process which takes as its input compressed image data and outputs & 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.

2 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.

3.1.3 interleaved: The descriptive term applied to the repetitive multiplexing of groups of data frem|each
compgonent in ascan in a specified order.

3.1.3 JPEG-LS: Used to refer globally to the encoding and decoding processes in this Recommendation |
Intermational Standard and their embodiment in applications.

3138 JPEG-LS preset coding parameters. Coding parameters for which a normative sé of default vallies is
specified.

3.1.3Pp JPEG-LSpreset parameters: A coding parameter or a mapping table specified inh an L SE marker segment.
3.1.4D lineinterleaved: The mode of operation in which the interleaved entitiesare lines.

314 lossess. A descriptive term for the encoding and decoding processes in which the output of the decpding
procgssisidentical to the input to the encoding process.

3.1.4p lossess coding: The mode of operation which refers tosany one of the coding processes defined i this
Recommendation | Standard in which all of the procedures are |ossless.

3.14B lossy: A descriptive term for encoding and decoding.processes which are not lossless.
3.1.44 mappingtable: A table used in a sampling mapping procedure.

3.14p marker: A two-byte code in which the first"byte is hexadecimal FF (X’FF) and the second byte is ajvalue
betwgen 1 and hexadecimal FE (X'FE')

3.14p marker segment: A marker and associated set of parameters.
3.14F max(i,j): Thelargest of i or ju.iif i >j, j otherwise.
3148 min(i,j): Thesmallest of ivor j : i if i <j, | otherwise.

3.14P minimum coded unit! The smallest group of samplesthat is coded.

3.1.5D near-lossless.‘A) description term for lossy encoding and decoding processes and procedures in whigh the
output of the decoding.process is such that each reconstructed image sample differs from the corresponding one |n the
input|to the encoding-process by not more than a pre-specified value.

3.15 near:lossess coding: The mode of operation which refers to any one of the encoding process, decpding
procgss, er\both, defined in this Recommendation | International Standard in which some of the procedures are|near-
lossl

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: Theinteger number of MCUs processed as an independent sequence within a scan.

3.1.6p restart marker: The marker that separates two restart intervalsin a scan.

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

3.1.6f runlength: Number of samplesin arun.

3.1.68 run mode: Mode of operation while coding runs.

3.1.6p run interruption sample: The sample following the last sample in a run wher(the run terminates befofe the
end df line.

3.1.7p sample: One element in the two-dimensional array which comprises acomponent.

3171 sampleinterleaved: The mode of operation in which the interleavied entities are samples.

3.1.72 sample mapping procedure: A procedure that maps each sample value output by a decoding process to a
recorjstructed sample value by means of mapping tables.

3.1.78 sampletransformation process: A sample mapping.procedure followed by an inverse point transform.

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 one-ar'more of the componentsin the image.

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

3.1.7f  sourceimage (data): Animage used as input to an encoder.

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

3.1.7p  vertical sampling factor: The relative number of vertical samples of a particular component with respgct to
the nimber of vertical samplesin the other componentsin the frame.

3.2 Abbr eviations

For the purpeses’of this Recommendation | International Standard, the following abbreviations apply.

BPS Bits Per Sample

[TaYaViiadN| H

IPEG Jotnt H’iutuglqphiu EA'JCItD Gluup —The juillt ISCHTH—commitiee |capuuaib=c for—d \/eloping
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

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 Teserved for applicaton segments

B[0..364] 365 counters for storing bias values

BASIC_T1,BASIC_T2,

BASIC T3 basic default threshold values

bpp 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 marker

DRI define restart interval marker

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

EOI end-of-image narker

EOLine end of lineindicator, used in run mode

Errval prediction error (quantized or unquantized, before and after modulo reduction)
g théorder of a Golomb code

GetNextSample() afunction in the C programming language

G(K) Golomb code function

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

Hmax largest horizontal sampling factor

i,j,n integers

i) the set of integers between i and j, including i and j.

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)
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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[0..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
probability distribution
P sample precision
Pt point transform parameter
Px predicted value for the current sample
Q context, determined froi®1, Q2, Q3
Q1,Q2, Q3 region numbers to quantize local'gradients
gbpp number of bits needed to represent a mapped error value
Qi one of the three quantizedregion numh@isQ2, Q3
Quantize() a function in the C pregramming language
Ra, Rb, Rc, Rd reconstructed valués of samples in the causal template
RANGE range of prediction error representation
Regular M odeProcessing a label inthe C programming language
RESET threshold value at which, B, andN are halved
Ritype index for run interruption coding
rk rg is therk-th power of 2
rg Golomb code order for run mode, a power of 2
RST restart marker numben
RunM odePr.ocessing a label in the C programming language
RUNcnt repetitive sample count for run mode
RUNindex index for run mode order
RUNval repetitive reconstructed sample value in a run
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

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

Wiy AurAber-of-bytes-tised-to-represent-Y-and-X

X current sample position

X number of samples per linein the ith component

X number of samples per line in the component with largest horizontal” dimensior]

Xe number of samples per line in the component with largest hiorizontal dimension,
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

Ye number of lines in the component with the largest vertical dimension, speciffed in
an L SE marker segment

Vi number of linesin the ith component

4 General description

4.1 Purpose

Therg are three main elements specified in this Recommendation | International Standard:

a) Encoder: An embodiment of anvencoding process. An encoder takes as input source image datg and
parameter specifications and; by means of a specified set of procedures, generates as output compriessed
image data. Encoding procedures are specified in Annexes A, B, and D.

b) Decoder: An embodiment of a decoding process and a sample transformation process. A decoder [takes
as input compressed-image data and parameter specifications and, by means of a specified get of
procedures, generates as output reconstructed image data. Decoding procedures are describpd in
Annex F.

c¢) Interchange format: A compressed image data representation which includes all pargmeter
specifications used in the encoding process. The interchange format is for exchange between appli¢ation
envirenments. The interchange format is specified in Annex C.

4.2 Cading principles

The man Inl’n(‘P(’Il wes for the losdess (and nmr_IndeQQ) pnr‘nding process Qppr‘ifipd 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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Figure 1 — Simplified encoder diagram

4.3

Sour
ared

431

As slown in Figure 2, a source image is defined to consist of Nf components. Each comparient, with unique idemtifier
defined to consist of a rectangular array of samples of x; columns by y; lines\The component dimensions are

Ci, i
deriv|
for &
dimeg|

wher

As a example, consider an image having 3 components with maximum dimensions of 512 lines and 512 column;

with

Ther

N
cq
aly

4.3.2

Sour ceimage

sfined in this clause.

Dimensions and sampling factors

bd from two parameters, X and Y, where X is the maximum of the x; values and_ Y) is the maximum of the y; \
hsions xj and y; to maximum dimensions X and Y, according to the following expressions:

LT P S

O max [ ] Vimax O

b Hnax and V yax are the maximum sampling factors far all componentsin the frame.

he following sampling factors:
— Component 0 Ho =4, Vo =1
— Component 1 Hy= 2,V =2
— Component 2 Hr=1,Vo, =1
X =512,Y =512,Hmax = 4,V hax = 2, andx; andy; for each component are:
— Component Q Xo = 512,yg = 256
— Componentd X1 = 256,y; = 512
— Component 2 Xo = 128,y, = 256

mponent dimensions x; and y; are derived by the decoder. Source images with dimensions which do not satisfy the exprg
ove for xjand'y; cannot be properly reconstructed.

Sample precision and point transform

T0828120-98/d01

e images to which the encoding process specified in this Recommendation | International Standard.can be applied

alues

| components in the frame. For each component, sampling factors H; and-V; are defined relating component

5, and

DTE — The X, Yi/H;, and V; parameters are contained in the frame header of the compressed image data, whereas the indijvidual

SIS

A sar

NpIe TS an IMteger With precison P bits, with any value in the range U through 2- — 1. All samples of all com

within an image shall have the same preci$loR is restricted to the range 2-16 bits.

ponents

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™.

433

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.

ITU-T Rec. T.87 (1998 E)
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a) Source image with multiple components b) Characteristics of an image component

Figure 2 — Source image characteristics

4.4 Encoding process

441 Context modelling — Basics

The ¢ncoding process is described in outline below. The encoding process is specified in Annexes A, B, and . An
informative Annex, G, isincluded for additional explanation.

In this Recommendation | International Standard, the modelling approach used is based on the notion of "conteXt". In
contgxt modelling, the encoding of each sample value is performed by conditioning on a small number of neighbquring
samples. The context modelling procedure determines a probability distribution used to encode the current sgmple,
whose position, X, is shown in Figure 3. The context is determined from four neighbourhood reconstructed samples at
positions a, b, ¢, and d of the same component, as shown in\Figure 3. From the values of the reconstructed samples at a,
b, ¢, énd d, the context first determinesif the information-if‘the sample x should be encoded in the regular or run mode:

— the run mode is selected when it is estimated from the context that successive samples afe very likely to
be nearly identical within the tolerances required for near-lossless coding (identical, for loss|ess coding);

— the regular mode is selected:when it is estimated from the context that samples are not very likely to be
nearly identical within the'tolerances required for near-lossless coding (identical, for lossles$ coding).

442 Regular mode: Predictioniand error encoding

In the regular mode, the context determination procedure is followed by a prediction procedure. The preflictor combines
the rpconstructed values of the three neighbourhood samples at pasitipaadc to form a predicted sample|value at

posiﬂonx as shown in Figure 3. The prediction error is computed as the difference between the actual sample value at
posifjonx and its predicted value. This prediction error is then corrected by a context-dependent term to compensate for
systematic biasesdn_prediction. In the case of near-lossless coding, the prediction error is then quantized

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) 9
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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 flrst The Iength mformanon wh|ch also specmes one of the above two run- endl ng alternatlves is

and gdaptability.

45 Decoding process

The encoding and decoding processes are approximately symmetrical. Annex A specifies the emcoding process, and
Anngx F describes the decoding process. The decoding process is followed by a sample mapping procedure which uses
the Value of each decoded sample as an index to a look-up table, provided in the cOmpressed image datg] The
corregponding table entry might be of a different precision to that of the encoded sample.

NPTE — The sample mapping procedure is aimed at facilitating the use of this Recommendation | International |Standard for the
encoding of palletised and symbolic images. In the case of palletised images, the’éncoder would encode only orle component, and
the difference in precision would permit, for example, the display of single-component images as pseudo-colour fones In the cas
of symbolic images, each decoded sample is a representation of the real image value, which is in the correspdnding entry in the
lopk-up table.

If noftable is provided for a specific component, the output of the sample mapping procedure is identical to the |nput.
The yise of sample mapping is specified in Annex C.

4.6 Coding of multiple component images

The ¢oding processes described in this Recommendation | International Standard can be applied to multiple compgnents
of anfimage, as well as to a single component image. Annex B describes how the coding processes shall be appl|ed to
imaggs containing multiple components.

4.7 Compressed image data

The pompressed image data output’ by the encoding process consists of marker segments and coded imagq data
segments. The marker segments contain information required by the decoding process, including the image dimengions.
The marker syntax is specCified in Annex C, while the procedures for encoding the image data are specifipd in
Anngxes A, B, and D.

4.8 I nterchange format

The |nterchange format is specified in Annex C based on Annex B of CCITT Rec. T.81 | ISO/IEC 10918-1 The
inter¢ghange' format allows a decoder to decode the compressed image data, regardless of specific appligation
envirpnments. 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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5 I nterchange for mat requirements

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

The interchange format requirements are that any compressed image data represented in interchange format shall comply
with the syntax and code assignments appropriate for the coding processes defined in this Recommendation |
International Standard, as specified in Annex C.

6 Encoder requirements

An ncadina-nrocecss-convarte-soukcalmaaa-datafLas-defined-in-4 2\ ta comnrecssed- Hmaaa-data-(as-defined-n- A nney C
EREEEHgPrEEESS-EoRYERS-SOureE-H g E-tatraaS-aeHHEeHH-4—==t0-Corpt HHoge-tattaaS-aereaH-rhgX .

Anngxes A, B and D specify the encoding process.

An encoder is an embodiment of the encoding process. In order to conform with this Recommendation |Nnternafional
Standard, an encoder shall satisfy at least one of the following two requirements.

An efcoder shall:

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

b) convert source image data to compressed image data which comply \With the abbreviated formgt for
compressed image data syntax specified in Annex C.

Confprmance tests for the above requirements are specified in clause 8 of this Récommendation | International Stanfard.

NPTE - There is no requirement in this Recommendation | International<Standard that any encoder which embogies the encoding
p:L cess specified in Annexes A, B and D shall be able to operate for afl ranges of the parameters which are allowed. in encoder
only required to meet the applicable conformance tests specified in\clause 8, and to generate the compressed|image data format
cording to Annex C for those parameter values which it does use.

Q

7 Decoder requirements

A degoding process converts compressed image data to\reconstructed image data. Since the decoding process is uniquely
defined by the encoding process, there is no separaté normative definition of the decoding process.

NTE - Thedecoding process is not specifiedfor non-compliant compressed image data.

A subsequent sample mapping procedure usés the value of each sample output by the decoding process as an index to
map ach sample value to an output sample value using the mapping tables specified for that sample compongnt in
Anngx C. If no table is specified for-that sample component, then the output sample valueisidentical to the samplejvalue
output by the decoding process. In this case, an inverse point transform may also be applied (see 4.3.2), thus completing
a sanjple transformation process.

A decoder is an emboditent of the decoding process implicitly specified by the encoding process as specifil;ad in
Anngxes A, B and D{ followed by the embodiment of the sample transformation process defined above. In orger to
confgrm to this Recommendation | International Standard, a decoder shall satisfy al three of the following reguirenjents.

a) ™~ convert to reconstructed image data any compressed image data with parameters within the pange
supported by the appllcatlon and WhICh compIy with the mterchange format syntax specmed in Anrex C.

transformation), the value of each sample shall be |dent|cal to the reconstructed value defined in the
encoding process specified in Annex A;

b) accept and properly store any table-specification data which conform to the abbreviated format for table-
specification data syntax specified in Annex C;

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.

ITU-T Rec. T.87 (1998 E) 11
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8

8.1

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.

Confor mance testing

Purpose

The conformance tests specified in this Recommendation | International Standard are intended to increase the likelihood

of c

pressed image data interchange by specifying a range of tests for both encoders and decoders. The tests.afe not

exhalistive tests of the respective functionality, and hence do not guarantee complete interoperabilityobefween

indeq

of enpoding and decoding process implementations, and the corresponding compressed image data. It isnot an obj

of th
segm

and testing procedures similar to those specified in ITU-T Rec. T.83 | ISO/IEC 10918-2 can he\used for the purp
verifying interchange format and marker segment syntax.

The fests are based on a set of test images which are incorporated into this specification in digital form. In addit
refergnce encoder and decoder supporting the conformance tests specified in this-Recommendation | Interna
Standard (for the IBM PC) are incorporated into this specification in digital form,

8.2

Enco

Encoder conformance tests

comgressed image data thus produced using a reference decoder(’The image reconstructed by the reference decode
match the source image exactly in the case of lossless coding\(parameter NEAR = 0, see Annex A). In the case of
losslgss coding (parameter NEAR > 0), the image recenstructed by the reference decoder shall match the i
recorjstructed by the reference decoder when fed with the Compressed test image data.

The éncode/decode cycle shall be carried out fer-each of the tests listed in Table E.2 using the test images listed
"Soufce Image" column, and using the parameters specified in the "NEAR", "ILV", "Sub-sampling", and "
JPEG-LS parameters' columns of the table! Restart markers shall not be inserted. The encoder testing proced
illustfated in Figure 4.

NPTE 1 — An encoder can additionally be tested without a reference decoder by comparing the compressed im
by the encoder, for each of the-tests in Table E.2, to the compressed test image data listed in Table E.2. This ¢

=

coding parameters). TheCoded data segments produced by the encoder shall match those contained in the cor
data exactly. This praeedure is illustrated in Figure 5.

NPTE 2 — The tests described in this clause represent minimal encoder conformance verification. More extensiy

endently implemented encoders and decoders. The main purpose of these conformance testsis to verify the validity

tive

bse tests to carry out extensive verification of the interchange format or marker segment syntax. The marker
ent syntax follows closely the interchange formats specified in Annex B of CCITT Rec. T.8L-PISO/IEC 10918-1,

se of

on, a
ional

fers are tested by encoding a source test image (see Annex E)\using the encoder under test, and then decoding the

shall
near-

mage

n the
Dther
Ire is

hge data produced
bnifagison shal

dstricted to the coded data)segments only, excluding marker segments (as different marker segments may fepresent the same

npressed test imag

e encoder testing

can be achieved by encoding arbitrary source images with the encoder under test, decoding the compressed i

age thus producec

uging a reference decoder, and comparing the image data reconstructed by the reference decoder with the original source image
data. The'image reconstructed by the reference decoder should match the source test image exactly in the casg of pssless codin
(qarameteNEAR = 0, see Annex A). In the case of near-lossless coding (paraNieteR > 0), the image reconstructed by the

rgfeérence decoder should match the output image data generated by the application of an encoding / decoding cycle to the same

soureetmage:

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
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Figure 4 — Encoder testing with reference decoder
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Figure 5 — Encoder testing without reference decoder

The decoding conformance tests shall be carried out Tor each of the tests listed 1n Table E.Z, using as an nput 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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Figure 6 — Decoder testing procedure
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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 procedures i

n 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.

DTE — There is10 requirement in this Recommendation | International Standard that any encoder or decoder s

o5 2

nction specified in this annex. The sole criterion for an encoder or a decoder to be consideredin: confor
ecommendation | International Standard is that it satisfy the requirements determined by the confarniance tests

Al Coding parameter s and compressed image data

hall implement

e procedures in precisely the manner specified in this annex. It is necessary only that an encoderoOr. decoﬁer implement the

ance with this
given in clause

A number of parameters are necessary to specify the coding process in this Recommendation | International Starpdard.

The ¢oding of these parameters in the compressed image data, and a normative set"of default values for some of
paraeters are specified in Annex C. This Recommendation | International)Standard does not specify how
parameters are set in the encoding process by any application using it, if nen<default values are used.

The bits generated by the encoding process forming the compressedyimage data shall be packed into 8-bit bytes.
bits ghall fill bytesin decreasing order of significance. As an example, when outputting a binary code a, an_1, an-

rm part of the data-stream to be decoded.

NPTE 2 — This\marker segment detection procedure differs from the one specified in CCITT Rec. T.81 | ISO/IEC

these
these

hese

2y o
nin the
bs the
with

pn of
Brtion

itin
does

10918-1.

A2 I'hitialisations and conventions

A21 Initialisations

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 samplein the 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):
[(MAXVAL + 2*NEAR U
RANGE = 3 1
0 2*NEAR +1 0
NOTE —MAXVAL andNEAR are coding parameters whose values are either default or set hyythe application
(see Annex C).
Compute the parameters gbpp = Oog RANGEL bpp = max(2, Dog(MAXVAL*1)D,[ and
LIMIT =2* (bpp + max(8,bpp)).
2) Initidise the variables N[0..366], A[0..366], B[0..364] and C[0..364], where the*nomenclature|[0..i]
indicates that there are i+1 instances of the variable. The instances are indexed by [Q], where Qlis an
integer between 0 and i. The indexes [0..364] correspond to the regularr mode contexts (total off 365,
see A.3), whilst the indexes [365] and [366] correspond to run mode intetfuption contexts. For exgmple,
C[5] corresponds to the variable C in the regular mode context indexed by 5. Each one of the entrieg of A
isinitialised with the value
aXD ANGE + 25 B
SN
those of N areinitialised with the value 1, and those of B and C with the value O.
3) 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} .
4) Initialise the two run interruption‘variables Nn[365] and NNn[366] to 0.
A.2.2 Conventionsfor code segments
In the remaining clauses of this annex, various procedures of the encoding process are specified in softwarel code
segments, written in the C programming language, as specified in ISO/IEC 9899. The syntax and semantics of C shjall be
assured in all code segmentscontained in this annex.
All vhriables used in the‘eade segments are assumed to be integer, and to have sufficient precision to allow the exegution
of the required arithmetic operations without overflow or underflow, given the bounds on the parameters indicaed in
Anngx C. When division and right shift operations are indicated, all variables used are non-negative integers so thgt the

exact
used
impl ¢

In additi

to speCify parts of the encoding process, and do not constitute, by themselves or in any aggregation, p
bmentati on of the process.

auxiliary Iabels global variables, and functions are used in the software code segments:

abs(i)

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

Function: returns the absolute value of i in accordance with the definitionin 3.1.3

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)
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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|s the
last in the line, O otherwise.

AppendToBitStream(i, j) Function: appends the non-negative number i in binary form to the‘encodgd bit
stream, using j bits. Most significant bits are appended first: The process
guarantees that j bits are sufficient to represent i exactly.

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

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

ComputeRx() Function: returns the reconstructed valueRx of the current sample as descrilped in
Code segment A.8 (after the "if" statement). This function reconstructs the value
of Rx from the quantized predictiop-efror.

A.3 Context determination

Afterla number of samples have been coded scanning from left'to right and from top to bottom, the sample x positjoned
as in|Figure 3 shall be encoded. The context at this sample shall be determined by the previously reconstructed Jalues
Ra, Rb, Rc, and Rd corresponding to the samples a, b, ¢,@nd d as shown in Figure 3, respectively. In lossless coding, the
recorjstructed values are identical to those of the source image data. The steps in context determination, to be perfgrmed
in the presented order, are the following:

A.3.1] L ocal gradient computation

The first step in the context determination procedure shall be to compute the local gradient values, D1, D2, D3 ¢f the
neighbourhood samples, asindicatedin Code segment A.1.

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

D1¢="Rd — Rb;
D2 = Rb — Rg;
D3 = Rc — Ra;

A.3.9 Mode selection

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

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 ¢ontext determination procedure shall continue by quantizing D1, D2, and D3 according to the procedure spe
in Cqde segment A.4. For this purpose, non-negative thresholds, T1, T2, and T3, are used. The default values of
thregholds — and ways to explicitly override these defaults — are specified in C.2.4.1. Iny\Coéde segment A
to the procedure is one of the vallk D2, or D3 from the local gradient computation step. According to th

with [t

Local gradient quantization

he thresholds, a regioumberQi is obtained @1, Q2, andQ3 respectively). This_forms a vect@®@1, QF,

rified
these

ADhe entry

ir relation

Q3)

reprgsenting the context for the sampleSince there are 9 quantization regions\for each of the grad@it€2,

and@3, each is allocated one of nine possible numbers between —4 and 4.

A.3.4

If the
reve

In thi

(Q1, R2, Q3) iS\mapped, on a one-to-one basis, into an int@g@presenting the context for the samplé@he fu
mapping thewectorql, Q2, Q3) to the intege is not specified in this Recommendation | International Sta
Recgmmendation | International Standard only requires that the mapping shall be one-to-one, that it s

inte

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;

Quantized gradient merging

first non-zero element-of the vect@l( Q2, Q3) is negative, then all the signs of the vec®t,(Q2, Q3) sk
sed to obtain 1,~Q2 -Q3J).

all be

case, the variable SIGNshall be set to <btherwise it shall be set tdl. After this possible "merging”, the vector

hction
hdard. This

hall produce an

ran the range [0..364], and that it be defined for all possible values of the @Lt@2( O3), includipg 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.

A4

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

positi

ons 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

A.4.7

After
depe
rang

A.43
Usin
the g
the g

A.44

In lo
errof

PX=Ra+ Rb —IRC;

Prediction correction

nds o GN, the sign detected in the context determination procedure. The new v&xstudll be clampe
b [0.MAXVAL]. The prediction correction valU@ Q] is derived from the bias as specified 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;

Computation of prediction error

j the value oPx, corrected by the above ptocedure, the prediction dfroval, shall be computed. If the
ontext, given b GN, is negative, the sign of the error shall be reversed. This is shown in Code se
ample at positiog with valuelx.

Code segment A.7 — Computation of prediction error
Errval = Ix £Px;
if (SIGN == )-1)
Erpval = —Errval;

Error quantization for near-lossless coding, and reconstructed value computation

bsless codingNEAR = 0), the reconstructed valiRx shall be set tdx. In near-lossless codinlEAR > (
shall be.guantized. After quantization, the reconstructed Raloéthe sample, which is used to encods

seg

ent'A8.

Px is computed, the prediction shall be corrected according to the procedure depicted-in Code seginent A.6, which

1 to the

sign of
jyment A.7 for

), the
e further
e shown in Cod

samrFes, shall be computed in the same manner as the decoder computes it. These operations ar

20

Code segment A8 — Erfor 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;
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Modulo reduction of the prediction error

9 (E)

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

The pext step of the regular mode shall be to encode the error. For this, the vAftat8é4] andN[0.:364]are |

Prediction error encoding

sed to

compute the Golomb coding varialleThe computation of the variablkeis context-dependent and’shall be performed

as in

encgded using the codienctionLG(k, LIMIT) (Annex G contains an informative descriptioh.of this procedu

A.5.]

The
indic

A.5.2

The
lossl
perfg
equi
the V

dicated in Code segment A.10. The vari&ébl®al shall then be mapped to a non-negative intdgé&ir,rval

Golomb coding variable computation

variablek, for the limited length Golomb codinction LG(k, LIMIT), shall‘\be computed by the p
hted in Code segment A.10. This variable is context-dependent.

Code segment A.10 — Computation of the Golomg cading variable

r for(k=0; (N[Q]<<k)<A[Q]; k++);

Error mapping

rediction error, Errval shall be mapped to a non-negative value, MErrval as specified in Code segment A.1

coding, the mapping procedure checks the value’of k (the Golomb coding variable) and according to its
rms a "regular mapping" (k # 0), or a "special mapping" (k = 0 and B[Q] less or equal thanNJQ]/2), wh
alent to encoding Erval+1) with the regtilar mapping. For near-lossless coding, the mapping is in
alue ok.

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

, and
e).

focedure

. For
value
ich is
lependent 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 Erpval—1
}

A.53 Mapped-error encoding

The

mapped error valudJErrval, shall be encoded with the limited length Golomb code fundtiG(k, LIMIT)
defined by the following procedure:

1. If the number formed by the high order bitsMrrval (all but thek least significant bits) is less than
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 onleleEs¢ significant
MErrval shall then be appended to the encoded bit stream without change, with the most
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.

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.

Update

The
varia

N[Q]

N

RES

A.6.7

bariable[Q], B[Q], andN[Q] are updated according to the current prediction gamCode segmefik;12
blesA[Q] and B[Q] accumulate prediction error magnitudes and values for co@tesaspectively:The va
accounts for the number of occurrences of the cof@esihce initialisation

Code segment A.12 — Variables update

B[Q] = B[Q] + Errval *(2*NEAR + 1);
AlQ] = AIQ] + abs(Errval);
if (N[Q] == RESET) {
AlQ] == A[Q] >> 1,
if (B[Q] >=0)
B[Q] = B[Q] >>1;
else
B[Q] = —((1-B[Q]) >> 1);
} N[Q] = N[Q]>>1;
N[Q] = N[Q] +1;

DTE — In lossless coding, the value addeB[1Q] is-the signed error, after modulo reduction

ET isa JPEG-LS coding parameter whosevialue is either default or set by the application (see Annex C).

Bias computation

vari
acco

The;Eas variable B[Q] allows an update of the prediction correction value C[Q] by at most one unit every iteratior
I

es are clamped to limit their range of possible values. The prediction correction value C[Q] shall be com
ing 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]

S (B <= Q) {

B[Q] = BIQ] + N[Q;

if (C[Q] >MIN_C)
clQl = ClQ - L

.The
\riable

. The
puted

if (B[Q] <= -N[Q])

B[Q] = 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.

A.7.1 Run scanning and run-length coding

Given a "code-order” rg, where rg is restricted to a rk-th power of 2, a one hit code word '1’, is used to ‘encode run
segments of length rg as well as shorter segments that were interrupted by the end of aline. A rk+1 bit’code word shall
be uged to encode any remaining run segment. The first case represents a "hit" situation, where a’run of length{rg is
achigved except at the end of a line, while the second case is a "miss' situation, where the run’is interrupted efore
achigving the "maximal” segment length rg. In this miss situation, a prefix bit, ‘0", shall be-sent; followed by the gctual
length of the remaining run segment, which shall be encoded with rk bits. The value of rg shall be adapted, accord|ng to
a prefdefined table J of 32 entries for values of rk (see A.2.1, Step 3) , each time a run.segment of length rg is scanned
(the index to the table J increases) or a miss has occurred (the index to the table J deereases). The applicable procgdures
are glven below.

NPTE — The following description of the run scanning and coding procedures-suggests an implementation in whith the run length
islencoded only after detecting the termination of the run. However, it isspossible to start encoding the run lengtl assoon as
of lengthrg is detected.

A.7.41 Run scanning

The first step in the run mode is to read the source image*data into Ix and determine a run length, RUNcnt. This is
specified asindicated in Code segment A.14.

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

RUNval = Rga;

RUNcnt = 0O;

while (abs(Ix —<RUNval) <= NEAR) {
RUNcnt_= RUNcnt + 1;

Rx-=“RUNval;
if (EOLine == 1)
break;
else
GetNextSample();
}

NPTE - 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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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) {
AppendToBitStream(0,1);
AppendToBitStream(RUNcnt, JJRUNindex]);
if (RUNindex > 0)
RUNindex = RUNindex —1;

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

A.7.3 Run interruption sample encoding

If thg run is interrupted other than by the end of the image line, the new sample that caused the run intefruption shall be
encdded. This shall be done by encoding the difference between/ thelxaltighe current positiorx, and the
reconstructed value ator b (both positions relative t). In this mode-of.operation, two different contexts arefused: The

first iIs when the absolute value of the difference betviReeandRb.is not larger thaNEAR, and the second when this
absdlute value is larger thifEAR.

N[OTE — The basic concepts in the run interruption encoding are-the same as those used to encode a new sample in the regular
erjcoding mode, with the additional requirement that Ix must differ from Ra by more than NEAR, otherwise the run would have
cantinued.

The flollowing actions shall be carried out:

1. Compute the index Ritype as indicated in Code segment A.17. This index defines a context in this fnode,
similar to the variable Q in regular mode.

Code segment A.47~ Index computation

if (abs(Ra £ Rb) <=NEAR
Rltype = 1,

else
Ritype = O;

2. .~Compute the prediction error, as indicated in Code segment A.18

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

if (Ritype ==1)

Px = Ra;
else

Px = Rb
Errval = Ix — Px;

3. Correct, if necessary, the signtfval (see Code segment A.19). This step is analogous to the context-
merging procedure in the regular coding mode. For near-lossless dadival,shall bequantized anéRx
computed, as shown in Figure A.8. The error shall then be reduced using the RANIBE, following
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 ();

1
else

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

4, Compute the auxiliary variabl@EMP. This variable is used for the computation of thg Golomb

variablek.

Code segment A.20 — Computation of the auxiliary variable (FEMP

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

5. Set Q = RItype + 365. The Golomb variablexk shall be computed, following the same procedure as |n the

regular mode, Code segment A.10, but using TEMP instead of A[Q].

6. Compute the flag map, as indicated-in Code segment A.21. This variable influences the mappihg of

Errval to non-negative values, asindicated in Code segment A.22.

Code segment A.21.— Computation ahap for Errval mapping

if (k==0)&&(Errval >0) && (2* Nn[Q] < N[Q]))
map, = 1;
elseif((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 Flow of encoding procedures
The grder in which the encoding procedures shall be performed is summarised below.
1. Initiaisation:
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 Av271).
¢) Compute the parameter RANGE (see A.2.1): For losslesseoding, RANGE = MAXVAL + 1. For
near-lossless coding
+.2% 0
RANGE = EMAXVAL 2*NEAR o+ 1.
0 2*NEAR+1 0
Compute the parameters gbpp =@og RANGELD bpp = max(2,dog(MAXVAL + 1)0| and
LIMIT =2* (bpp + max(8, bpp)).
O 45
. G . ANGE + J
d) For each context Q, sinitialise four variables (see A.2.1): A[Q]= max%, MG— ,
H 2
B[Q] = C[Q] =0,.N[Q] = 1. For A[Q] and N[Q], Q is an integer between 0 and 366; for B[Q] and
C[Q], Qisan integer between 0 and 364 (regular mode contexts only).
€) Initialise the variables for the run mode procedure: RUNindex=0 and J[0..31] ={0, 0,0, 0, 1, 1{ 1, 1,
2,2,2,2:373,3,3,4,4,5,5,6,6,7,7,8,9,10,11,12,13,14,15} .
f)  Initiglise the two run interruption variables Nn[365] and Nn[366] to O (see A.2.1).
g) <Setcurrent sample to the first samplein the source image.
2. _Forthe current sample, compute the local gradients according to Code segment A.1.
3\Select the coding mode following the procedure in Code segment A.2. If run mode is selected, go tq Step
17, otherwise continue with the regular mode.
.| Ouaptizatha lacal aradi ante anaardina A thin ctone Akl adl 11 CAAA eyt A A4
T \(uw nrc o rTocta HI |\ CIAw RlTepe v v pw |} ) IH Uurne J.\-PJ \W\WiC QAW LN I v v | vy J-yl LILAYZ I | " Wi )
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

26

according to Code segment A.8. For lossless coding, update the reconstructed value by setting Rx equal
toIx.
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Reduce the error to the relevant range according to Code segment A.9.
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.
Go to step 2 to process the next sample.

Run mode coding:

18. Run interruption sample encoding: perfofm the operatioAs/i2, and then go to Step 16.

a) Set RUNval = Ra. WhiTe (abs(Tx — RUNval)<= NEAR), increment RUNcnf and if not at the enfl of a
ling, read a new sample. Set Rx = RUNval each time the sample x is added to the run (see|Code
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 (usidRUNindex] bits) to the bit stream (MSB fjrst, see
Code segment A.16).

f)  If RUNindex > 0, then decremefRUNindexBy one (see Code segment A.16).
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Annex B

M ulti-component images

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

Introduction

Lcomponent scans, two modes (d@cnbed below) are supported: line mterleaved and sample mterleaved
fic components per scan are specified in the scan header (see Annex C), as well as the interleave mode (a8 'spe
brameter 1LV), which describes the structure within a single scan. The parameter 1LV admits the val
interleaved), 1 (line interleaved) and 2 (sample interleaved).

nulti-component scans, a single set of context counters (A, B, C, N and Nn) is used across all, the components
The prediction and context modelling procedures shall be performed as in the single-component case, ar
onent independent, meaning that samples from one component are not used to predict/or compute the cont
es from another component.

he encoding and decoding variables (e.g. A[0..366]) shall be set to their initia values, as described in Anr

anew scan is to be encoded (starting from Step 1 in A.8). The dimensigns of each component are given
Mation in the frame header. The byte completion padding described in A.1 applies a so to multi-component sca

Lineinterleaved mode

Description
Mode is specified by setting the parameter 1LV in.the start of scan marker segment to a value of 1. In this mog
icomponent C; in a scan, a set of V; consecutive-lines is encoded before starting the encoding of Vi lines
quent component Cij+1. The values V; are specified in the start of frame marker segment as vertical san
s, see Annex C. For a scan with Ns components, the number of linesinterleaved and encoded follows the seq
VNs V1 V2 ... VNg V1 V2 ... VN ELC.
alue of the variable RUNindexfor the run mode is component dependent, one value of the variable being us
component. The predictionand context determination procedures shall be performed as in the single-comp
and do not use information from the multiple components. Except for the first line of the first component,

and encoded linescan'start and end at any hit position in the byte.

Process:flow

B. FOr convenience, the steps are numbered identically to thosein A.8.
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—nitratseasmglesetof varrabtes as 1T Step T theprocedure described A8, except for therun
variable RUNindex, for which one copy per component isinitialised.

node

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 component.

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

the Ifne interleaved mode, the same counters shall be used across al components, and the prediction ‘and context
determination procedures shall be performed as in the single-component mode, and shall not use information from the
multiple components.

NPTE - It is only in this mode that there are 365 possible regular contexts rather than 364: The additional confext i@ this mod
afises as a run mode is not necessarily implied v@dfen Q2 = Q3 = 0 for a given component.

In this interleaved mode all components which belong to the same scan shall have the-same dimensions.

B.3.2 Process flow

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

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

2. Compute theloca gradientsfor all the componénts asin Step 2 in A.8, in a component-independent [form.
At this step, three local gradients shall be computed for each component.

3. If al thelocal gradients for all the'cemponents are smaller than or equal to NEAR in absolute valye, go
into run mode, otherwise go to regular mode.

4, Follow steps 4 to 15 in the-procedure described in A.8 for each one of the current samples of| each
component. Steps 4-15 for the sample j of the component i shall be completed before the steps 4-15 for
the samplej of the next'‘component i+1 are performed. Steps 4-15 of sample j+1 of any component afe not
performed until these steps are completed for all the samples j for all the components. The same pet of
variables is usédyin these steps, but the context determination and the prediction are performed for| each
component.separately. The encoding of the sample j in component i+1 uses the variables already ugdated
by the sample | in the previous component i.

16. Allsthe samples in the same position j, for all the components, have now been encoded. The encoder shall
now return to step 2 above to continue with the samplein position j+1 for al the components.

17. The run mode encoding procedure shall be followed.

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.

Ccl General agpects of the compressed data format specification

In th|s annex, the terms "coding processes' encoding process', "decoding process", and "compressed data

data @s defined in this Recommendation | International Standard.

C.1.1 Marker assignments

Two [markers from the JPG,, set (which were reserved for JPEG extensions) are assigned in this Recommendg
Intermational Standard, in addition to the marker code assignmentsinTable B.1 of CCITT Rec. T.81 | ISO/IEC 109

SOFg5 (X' FFF7") identifies a new Start of Frame marker for JPEG-L S processes.
L SE (X' FFF8'") identifies marker segments used for JPEG-L'S preset parameters.

ormative

refer,

tion |
|8-1.

Each|of these markers starts a marker segment. These marker segments begin with a two-byte segment length paranpeter.

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

All gther markers defined in Annex B of E€CITT Rec. T.81 | ISO/IEC 10918-1 shall not be present in JPE
compressed data.

C.1.2 Coded data segments

A cofled image data segment gentains the output of the encoding process defined in this Recommendation | Internag
Standard for arestart interval It consists of an integer number of bytes.

G-LS

ional

d, if necessary, to
tection of marker
hndard is followed

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 C
Rec. T.81 | ISO/IEC 10918-1 applies with the following differences:

CITT

— AY (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 scani.shall not be changed after that point.
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An X (number of columns) value of zero is allowed and means that the value shall be define®kn 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.

The start of spectral selection (Ss) parameter is replaced wiERAR parameter.
The end of spectral selection (Se) parameter is replaced with thparameter.

C.2.4
This
C.24
Thell
in th
sped]
pres
imag
para

Ther

For lossless coding, thBIEAR parameter shall be zero. For near-lossless coding, this,parameter is

expressed as a positive quantity from 1 to %Bﬁéwmxzi (see C.2.4.1.1 for ,a-defin

MAXVAL).

For a single component scan, theV parameter is specified as having the valug’0. In a line
scan,ILV is specified as having the value 1. In a sample interleaved I¢c@ris specified as ha

ition of

interleaved
ing the

value 2. Sample interleave is allowed in a scan only if the components pf the scan have an igentical number

of columns and of lines. The interleave modes are defined in Annex B,

The TdiTa (the DC and AC entropy table selectors) byte is replaced with a mapping table
byte. The table selected willm; shall have been specified by the-time the decoder is ready t
scan containing compone@}. Mapping table selectors can have' values from 0 to 255 (see

value of zero indicates that no mapping table will be used for that component. If the point t
specified by thé\l parameter (see CCITT Rec. T.81 | ISO/IEC 10918-1), is not zefiapakhall beg

Table-specification and miscellaneous marker segment syntax

Recommendation | International Standard requires an-additional marker ség@Bemthich is described b

.1 JPEG-L Spreset parameters specification syntax

SE marker segment may be present where tables or miscellaneous marker segments may appear.
s marker segment for a given table ID @ppear more than once, each specification shall repla
fication. Figure C.1 specifies the marker'segment following S marker which defines either the |
bt coding parameters whose values:-are used to override default parameter values, or mapping tables, or oversize
e dimensions, and are collectively called "JPEG-LS preset parameters". Each specification of a
meter in ah SE marker segment shall replace the previous specification.

L SE LI ID }

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

harker and parameters shown in Figure C.1 are defined below.

SEfector

b decode the
.2.4.1.2). A
aRsform (
zero.

Plow.

f tables specified
ce the previous
PEG-LS

JIPEG-LS preset

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

[SE JPEG-LS presel parameters marker, marks the beginning of the JPEG-LS preset parameters im

segment.

arker

LI

ID

JPEG-LS preset parameters length; specifies the length of the JPEG-LS preset parameters marker
segment shown in Figure C.1.

parameter |D; specifies which JPEG-L S 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 pew parameters shown in Figure C.2 are defined below. The size and allowed values of each parameter are given in
Tablg C.1.

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

T1 first quantization threshold value for the local gradients.

T2 second quantization threshold value for the local gradients.
T3 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 parameters

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)

DTE 1 — P is the number of bits per image sample, contained in the start of frame marker segment, as dgfined in CCITT
pc. T.81 | ISO/IEC 10918-1

0=z

For MAXVAL, T1, T2, T3’and RESET, a value of 0 indicates reverting to default values as given in Table C.4. The
SOI marker also resets.these parameters to default values given in Table C.2. The default values of T1, T2, and T3
specified in C.2.4.1/h2vare calculated from the values of MAXVAL and NEAR that arein force at thetimethat T1, T2,
and T3 are used.

NPTE 2 —The' values off1, T2, andT3 may change during the encoding process other than lyS&marker segrmlent, for
ampley.if.default values are used and the valldEAR is changed by a scan header.

D

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 glamping function defined in Figure C.3 for integeaiad;j is also needed.

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

Figure C.3 — Clamping functionsfor default thresholds

In the case whereMAXVAL = 128, the dependence of the default values MAXVAL is specified by
FAC|TOR = min(MAXVAL, 4095)+ 128)/256&] The default values in-this case are given in Figure C.4.

T1=CLAMP(FACTOR * (BASIC_T12) + 2 + 3*NEAR, NEAR + 1)
T2 = CLAMP(FACTOR * (BASIC_#2-3) + 3+ 5*NEAR, T1)
T3 = CLAMP(FACTOR * (BASIC: T3 —4) + 4+ 7*NEAR, T2)

Figure C.4—Default valuesin case MAXVAL = 128

Otherwise, if MAXVAL < 128, the dependence of the default values MAXVAL is specifigd by
FACJTOR = [256/(MAXVAL + 1)[ISThe 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

C.24.12 M apping table specification

Figure C.6 specifies the mapping table contained i 8 marker segment whdiD 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

Tabl

The

When mapping tables are used, the decader uses the reconstructed value Rx to index the corresponding tak
MAXTAB = MAXVAL , then the table Specified in the LSE marker segment has one entry for each possible val
Thergfore, the table has MAXVAL ~+:1 entries, and the entries are written in the bit stream in ascending order

Each
This
N

IfM

C.24

interpreted as R,G,B&ajues in a colour palette.

eC4.
TID table ID; specifies the identification number of the table specified.
Wt width of table entries in bytes; specifies the number of bytes per entry in the selected
table.

TABLE[0.MAXTAB] sample mapping table; each entry has Wt bytes.
MAXTAB defined in Figure C.7:

CMAXVAL if (5+ Wt*(MAXVAL + 1)) < 65535

MAXTFAB—655364 .
1 otherwise
Hwt 5
Figure C.7 — Definition of MAXTAB
alue of MAXVAL in Figure C.7 istheonein force at the time the table is referred te jn.a scan header.

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

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

entry in the table contains WWt-bytes. The decoder translates the value Rx to the Wt-byte long value TABLE
Recommendation | Interpational Standard does not define an interpretation for the Wt bytesin an entry.

DTE — A possible interpretation is a vector in some colour space. For examplgywitl3, the 3 bytes in a table entry

le. If
e Rx.
f RX.
[RX].

could be

AXTAB < MAXVAL, then a complete mapping table with MAXVAL entries does not fit an L SE marker segment
of maximum pessible length (L1 = 65535 bytes), and the LSE marker segment with 1D equa to X'02' my
immaediately followed by one or more L SE marker segments with I D equal to X'03’ ("mapping table continuation™)
atotgl of MAXVAL + 1 table entries have been specified.

st be
until

The structure of the mapping table continuation segment is similar to that of the preceding mapping table specification as
specified in C.2.4.1.2, with the following differences:

MAXTABX

— thelength field LI contains the number 5 + Wt*(MAXTABX + 1), for a value MAXTABX defined in

Figure C.8
- the|D field contains the value X' 03’
- thetableentriesare TABLE[0..MAXTABX]

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

mapy

If M
with
follo

Tabl

segment, and from one segment to the next.

LSE

segments are permitted. At the time the table is referred to, the number of its entries (as determined by t

spec
MAX

C.24
Figu
to X'
largd

Tablg

The ew parameters shown in-Fjgure C.9 are defined below. The size and allowed values of each parameter are gi
 C.5.
Wxy number of bytes used to represent Ye and Xe.
Ye number of linesin the image.
Xe number of columns in the image.

My tabtecontmuatiom segment wittrthesame THiD—vaue:

AXTABX = ENTRIES - 1, then the current mapping table continuation segment is the last segm
the currenflTID value. IMAXTABX < ENTRIES — 1, thenENTRIES is reduced byNIAXTABX ™+ 1),
ved by more mapping table continuation segments with the Sahealue.

b entries shall be written in increasing ordeRef within a mapping table specificationxor continuatig

marker segments may be present anywhere in the compressed image data. where tables or misg

fication segment and any associated mapping table continuation segments) must be consistent
VAL currently in effect.

1.4 Oversizeimage dimension

e C.9 specifies the oversize image dimension parameters tontained. BEtiearker segment whdiD is
D4'. The oversize image dimension parameters enable thespecification of image diménaimhX e that
rthan ¥ — 1.

LSE LI 4 Wxy Ye Xe

< Wxy > < Wxy >

Figure C.9 — LSE.marker segment for oversize image dimension

Table C.5 — LSE marker segment parameter sizes and values for oversize image dimension

bnt associated
and is

n marker

ellaneous marke
e mapping table
ith the value of

equal
can be

enin

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

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 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
accorhmodate the larger possible number of lines. If the number of lines parameter is a 24- or 32-bit parameter, the
convention still applies that the MSB shall come first and the LSB shall come last.

C.3 Abbreviated format for compressed image data
L SE jmarker segments which define mapping tables may be omitted if the application environment\provides methogls for
tabl elspecification other than by means of the compressed image data.
C4 Abbreviated format for table-specification data

L SE marker segments which define mapping tables may be present in compressed datathat 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.

D.1 Control procedurefor encoding an image

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

Encode_image

Append SOI
marker

Encode_frame

Append EOI
marker

Done
T0828180-98/d07

Figure D.1 — Control procedure for encoding an image

D.2 Controlprocedurefor encoding a frame
In allfcaseswhere markers are appended to the compressed image data, optional X' FF' fill bytes may precede the m

The pontrol procedure for encoding a frame is oriented around the scans in the frame. The frame header i3

arker.

first

appended, and then the scans are coded. Table specificalions and other marker segments may precede the SOFgg m
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

arker,

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 interleav
restart is enabled, the data are segmented into restart intervals. If restart is enabled, a RST, marker is placed i

ed. If
n 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 proeedure for encoding a frame

D.3 shows the encoding process scan control procedure. The loop is terminated when the encoding proce;

codegl the number of restart intervals which make.upthe scan. "m" is the restart interval modulo counter needed f

RST

. marker. The modulo arithmetic for this ceunter 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

S has
Dr the

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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D4

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.

The'

Encode_restart
_interval

Reset_encoder

I

Encode_MCU

No

Prepare for_marker
Yes

Done

T0828210-98/d10

Figure D.4 — Controlprocedure for encoding a restart interval

Reset_encoder” procedure cohsists at least of the following:

a) initialise variables'according to the corresponding interleave mode asiif the first line of each compon
the restart intérval were the first line of the same component in ascan (see A.2.1, B.2.2 and B.3.2);

b) do al-gther implementation-dependent setups that may be necessary.

The procedure*Prepare for_marker" terminates the coded image data segment by:

N

a)¢~ padding the final byte with zero bits

ent in

DTE — 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.

40
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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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This

E.l

Annex E

Conformance tests

(This annex forms an integral part of this Recommendation | International Standard)
annex specifies test images for conformance testing as specified in clause 8.

Test images

The conformance tests for encoders and decoders specrfled in thls Recommendatlon | International Standard are based

ona
singlé-

Sour

thesq formats are given in E.1.3. Components of a three-component multi-component test image are labelled

and multi- component |mage data, both source image data, and image data encoded |n accordance. Wi
procgsses specified in this Recommendation | International Standard.

e images are stored as computer files in PGM (single-component) or PPM (multi-component) format. Deta

ils of
red”,

"gregn”, and "blue". Compressed image data is stored in digital computer files in the format specified ip this

Recommendation | International Standard.

E.1.1 Sour ce images

The ljst of source test imagesis detailed in Table E. 1.
Table E.1 — Source test images
Precision . .
Image (bits per Components Dimensions Comments
name sample) (columnsx lines)
TEST8 8 3 256:256 Reference 8-bps colour image
TEST8R 8 1 256 256 "red" component of TEST8
TEST8G 8 1 256 256 "green" component of TEST8
TE$T8B 8 1 256x 256 "blue” component of TEST8
TE$T8GR4 8 1 256 64 "green" component of TEST8, sub{sampled
4X in the vertical direction
TE$T8BS2 8 1 12& 128 "blue" component of TEST8, sub-pamp|ed
2X in both vertical and horizontal dirgctions
TE$T16 12 1 256 256 Reference 12-bps monochrome imafe

TEST8 is an 8-hit per sampte RGB colour image composed of areas of photographic, graphic, text, and random|
Othef images starting with the prefix TEST8 are derived from TEST8 as indicated in the "Comments' colun
Tabl¢ E.1. TEST16.sa 12-bit per sample monochrome image with a similar composition. Sub-sampling an i
comgonent by mXis achieved by using every m-th sample of the component in the appropriate direction, starting

the fi

N
T

Fst sample,and without interpolation.

DTE—\The mixture of data in the test images was designed to exercise many paths of the encoding and de

data.
hn of

mage
from

Coding processes.

nere, is no guarantee, however, that every possible path of the processes will be exercised.

E.1.2  Compressed image data

Thel

ist 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",

scans. Scans contain no restart markers.

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

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.

42

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 T8C1E0.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
TEST8GR4
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=T3=9

RESET=31
10 T8NDE3.JLS | TEST8BS2 | 1 3 1 0 none T1=T2=T3=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 purpose of conformance testing, the source test images are stored in computer files using the following fofmats.

All character coding in the formats is in accordance with ISOAEC 646:1991.

g input for the encoding process, or as output from the.decoding process.

E.1.31 PGM format (for single-component images)
The fjile starts with a header consisting of.3'linesin the following format:

P5
XY
MAXVAL

NTE — These formats are defined only for the purposesof distributing test images for conformance testing as part ¢f this
Recommendation | International Standard. This Recommendation | International Standard does not prescribe any specific
ag

ormat

Here] "P5" istext codedin‘accordance with ISO/IEC 646, X and Y are, respectively, the number of columns and lipes of

the ifnage (decimal integers represented in character coded format, separated by a space), and MAXVAL

s the

maximum sample value (a decimal integer represented in character coded format). As an example, the headgr for

TEST16.PGM 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)

Pr ocess flow

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.

N
th
fy
R

DTE — There is10 requirement in this Recommendation | International Standard that any encoder or decodens|
e procedures in precisely the manner specified in this Annex. It is necessary only that an encoder or_decoq
nction specified in this Annex. The sole criterion for an encoder or a decoder to be considered injcanforr

hall implement
er implement the
hance with this

ecommendation | Standard is that it satisfy the requirements determined by the conformance tests given ih clauge 8.
1. Initialisation:

a) Assign default values to non-specified JPEG-L S preset coding parameters (see 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 lossess coding, RANGE = MAXVAL + 1. For

+ 2% O
near-lossless coding, RANGE = EMAXVAL 2" NEAR L
0 2* NEAR +1 0]
Compute the parameters gbpp = og RANGEQD bpp = max(2, Dog(MAXVAL + 1)} and
LIMIT =2*(bpp + max(8, bpp)).
o . J RANGE + 2°
d) For each context Q, initialise four variables (see A.2.1): A[Q] = max% e
H 2
B[Q] =C[Q] =0, N[Q] = 1. For AlQJand N[Q], Q is an integer between 0 and 366; for|B[Q]
and C[Q], Q isan integer between O'and 364 (regular mode contexts only).

€) Initialisethe variables for the runimode: 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,:8,9,10,11,12,13,14,15} .

f) Initidisethe two run interruption variables Nn[365], Nn[366] = O.

Compute the local gradients according to Code segment A.1.

3. Select the mode follewing the procedure in Code segment A.2. If run mode is selected, go to run mode

(step 18), otherwise'continue with the regular mode.

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

Check <@ahd” change if necessary the sign of the context, modifying accordingly the variable IGN

(see’A3.4).

Compute Px according to Code segment A.5.

7\~Correct Px using C[Q] and the variable SGN and clamp the corrected value to the inferval

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

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

Decode the mapped error value MErrval:

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

10. Perform the inverse of the error mapping indicated in Code segment A.11, wheéEnoma is given
andErrval is computed.
11. Update the variables according to Code segment A.12.
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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 + );

if (Rx<0)
Rx =0;
eseif (Rx>MAXVAL)
Rx = MAXVAL;

15. Map Rx using the inverse point transforRt specified by the parametel (see B.2.3 of CCITT
Rec. T.81 | ISO/IEC 10918-1) and the applicable mapping table, if\aqy, as specified in Anngx C.

16. Compute the prediction correction valL{€)] according to the praCedure in Code segment A.18.

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

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

i) If exactly 2[RUNinde] samples.Were filled in the previous step, RiNindex<31, then irfcrease
RUNindex by one. If the last sample in the line has not yet been decoded, return tq 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 fgr as many
samples asthe 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) G0 to Step 17.
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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

The context modelling procedure specified in Annex A uses the causal template a, b, ¢, and d depicted in Figure 3. The

cont

t that conditions the coding of the current sample is built from the differences D1, D2, and D3 of the reconstructed

value
codirn
local
gradi

With
genef

Grad
Inter
largd
cost

G.1.4
The

syminetric (that is, there is no preference to vertical over horizontal orientatidhsp2, and D3 influeng

mod

equiprobable regions.

The
-v. T]
is oh
triple

G.1.3

G.1.3

In th
infor

s Ra, Rb, Rc, and Rd at the sample positions a, b, ¢, and d: D1 = Rd—Rh D2 = Rb—Rcand D3 = Rc—-Ralnlo
0, the reconstructed values are identical to those of the source image data. These differences are referredto
gradient, and capture the level of activity (smoothness, edginess) surrounding the sample at position, X\ These
Nt values are used to estimate the statistical behaviour of the prediction errors to be encoded.

but further processing of the local gradient values D1, D2, and D3, a very large numberofcontexts cod
ated. This has a number of disadvantages:

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

The memory requirements to implement the coding procedutes specified in this Recd
International Standard increase with the number of contexts,

ients with similar characteristics are therefore merged to create conditioning contéxits.Recommen
hational Standard, only a small number of statistical parameters’need to be estimated peT leisnadioky
number of contexts without excessive penalty in code length due to the number of parameters 1
, Or in memory requirements.

Quantization

gradient merging procedure is basedqoantizing’the local gradient defined abov&ssuming the imag
blling in the same way, and each of these differences is quantized into a small number of
brobability of a local gradient taking/the valuis assumed to be the same as the probability of it takin
he quantizer is therefore symmetric about a difference value of&éuather reduction in the number of

tained by merging quantized, gradients of opposite sidres.quantized triple¢Q1, Q2, Q3) is merged W
t (-Q1, —-Q2, —Q3). This last merging procedure is compensated by changing the sign of the predictiorn

Prediction

.1 Prediction-basis

e context~modelling procedure, the local gradients are quantizedrder to partially compensate

that

f

nationdess, the context determination procedure is followed by a predictiof séejulea behind this prod

sl ess
bs the
local

ld be

ot be enough

mmendation |

fation |
5 for a
nodelled (model

e to be
e the
approximately

g the value
contexts
ith the
error.

for this
edure is

e value at the current samplgan be estimated from the reconstructed values of the samples surrouridieg,it.
instepd-of'coding the value itself, the prediction error is encoded.

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

simpl

eformulain 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

Follo
Reco|
symn
pred
Stan
inter
After
quar

G.2

Aftern
corrg
corrg
para
error

G.2]

Golog
integ
reprg
geon
the (
forn

G.2.2

The
code
signi
by G
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petric, and centred between -1 and (h context-based models, systematic, context-dependent b
ction errors are not uncommon. To alleviate the effect of systematic biases, this Recommendatio
dard defines a bias correction procedure aimed at centring the distribution of prediction errors
al. This procedure is based on the accumulated value of errors incurred so far for’samples of th
this procedure, the final corrected prediction error is computed. For near-lossless coding, thig
tized.

Encoding in theregular coding mode

the context is determined, and if it does not take the encoding process into the run mode, the preg
cted prediction error are computed. The last step of the encoding process in this mode of operation
cted prediction error. For this, a scheme derived from Golofmb*coding is used. This means that on
meters, representing the decay rate of the distribution andhits bias, have to be estimated for each co
values are mapped into non-negative ones prior to encoding.

Code definition

Imb coding was first introduced as a means {far encoding series containing non-negative run length
er parameteg, the Golomb code of order.e€ncodes an integergreater than or equal to O in two partg
sentation of the integer part @, and>abinary representation ofi modulo g. Golomb codes are opt
netric probability distributions for non=negative integers. For every distribution of this form, there ex
arameteg such that the code yields-the shortest possible average code length over all uniquely dec
Dn-negative integers.

Power -of-2 case
Special case of Golomb codes whglise ak-power of 2leads to very simple encoding/decoding proceg

ficant bits ofn~This specific case is the one used in this Recommendation | International Standard
K). In the follewing exampleg stands for the Golomb variable, wheres equal to thé-th power of 2

Example

This

wing the basic predictor, the predicted value is corrected by a bias-dependent term. The encoding procedureiin this
mmendation | International Standard assumes the distribution of prediction errors to be two-sided geonpetric,

ases in the

n | International

in the targeted

e same context.
error is then

iction, bias, and
is to encode this
y two statistical

htext. All possible

5. For a positive
inary

mal for

sts a value of
pherable codes

dures: the

forn consists of-tftie number formed by the higher order bitg of unary representation, followed by théeast

and is denoted

example applies fdB(2) The valuen=19 is assumed. The hinary representation of 19 is 10011. T

k@ (

lowest significant bits are sent as they are (11). This corresponds 18 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 00

G.24

00111.

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).
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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- negatlve mteger values Predlctlon errors from the prediction procedure
describ ided geometric and

syminetric, rather than one-sided. One way of extending the above coding scheme to handle this situation is to map all
posgible error values into non-negative ones prior to encoding. This requires a good estimation-0f)the centre of this
two-sided distribution, which is closely related to the bias measurement described in Annex A. In this'Re¢ommendation |
Interpational Standard, the mapping described in Annex A and Annex F approximates the optimal solutign for two-sided
geometric 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 j00= 8, following the notation of G.2!4)- In this exafnple, the
limitgtion does not apply for mapped values smaller than 92.
Table G.1 — Example coding of prediction errors
Prediction error Mapped value Code LG(2,82)

0 0 1 00

-1 1 101

1 2 1. 10

-2 3 11

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

VA 14 0001 10

-8 15 0001 11

8 16 00001 00

-9 17 00001 01

9 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’ttjan or
equall to the allowed error in near-lossless coding, the process enters the run mode. In this mode, the encoder-scafs the
imagg, starting from the sample at position x until a sample is met which is not identical to the reconstructedwalue pf the
sample at a (or not nearly identical within the bounds set for near-lossless coding), or the end of the current sample line
is en¢ountered. The encoder encodes the length of the run and the sample immediately after the run-énds (if the rup was
not terminated by reaching the end of the current line). The procedure defined in this Recommendation | Interngional
Standard for coding run lengths can be viewed as an extension of Golomb coding. In run mode, the coding process$ does
not upe prediction.
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H.1 I ntroduction

Annex H

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

| SO/IEC 14495-1 : 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 how bits are output in the bit stream

Assume the encoder to be at the beginning of the coded image data segment and that the encoding process outputs the

folloving binary codes:

the byte 10100111 followed by 11100000. The current incomplete byte will contaln.001xxxxx. The most signific
of th¢ next binary code will fill the 4 most significant bit of the current incomplete byte. If there were no more

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

Thesg binary numbers are written with the most significant bit in the leftmost position. The output bit stream will c%:ltai n

t bit
utput

codes after the three listed above, the incomplete byte would be padded with Zeros as 0010000 to terminate the ¢oded

imagg data segment.

H.3 Detailed coding example

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

Figure H.1 — Example image data

T0828230-98/d12

Index 0 1 2 3 4 5
O
0 0.l 0 0 0 0 0
.\0

1 Os 0 0O 9 74| 74
2 0 | 68 50 43 205 | 205
3 | 68 | 64 145 145 145 | 145
4 | 64 | 100 145 145 145

The inner, box represents the actual image, whilst the shaded area represents the implied values for Rb,Rc and Rd, when

ple 1x

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

Rd=0

=0

Ix=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] Nn[Q]
1 93 2 0
Line[l, Sample 4 is now coded:
Rc=0 Rb=f Rd=0
Ra=90 IX=74
The parameter values before encoding are:
Q] 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 0 1
and Hence the output bits are 8 zero bits+ 100
The parameter values after updating are:
AlQ] BIQ] ClQl N[Q]
20 0 1 2
LineP, Sample 1 is now encoded:;
Rc=0 Rb=l Rd=0
=0 Ix=68
D1=[p2=D3=0,(0 run mode is entered.
The paraméter val ues before encoding are:
RUNvatT-RoNentT-RONintex—RHtype——Errval——FEMP K rrap—EMErvaH—e—TAFSH NS 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 AlQ] N[Q] NN[Q]
0 160 3 0
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Line 2, Sample 2 is now encoded:
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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 = 53 T =18 —I8 Z 35 7 ) U 1
and hence the output bitsare 8 zero bits+11 1
The parameter values after updating are;
AlQ] B[Q] ClQl N[Q]
22 -1 -1 2
LineP, Sample 3 is now encoded.
Rc=0 Rb=90 Rd=74
Ra=50 Ix=43
The parameter values before encoding are:
Q] 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 0 1
And hence the output bitsare 23 zero bits+101011101
The parameter values after updating.are:
AlQ] B[Q] ClQl N[Q]
51 0 1 2
LineR, Sample4s 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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