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Foreword

ISO (the International Organization for Standardization) and

IEC (the International Electrotechnical

Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees
established by the respective organization to deal with particular fields of technical activity. ISO and IEC
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Introduction

This part of ISO/IEC 29199 has been developed by ITU-T and ISO/IEC in a collaborative team that is referred to as the
Joint Photographic Experts Group (JPEG). It is published as technically-aligned twin text by both organizations (ITU-T
and ISO/IEC).

This part of ISO/IEC 29199 provides reference software for ITU-T Rec. T.832| ISO/IEC 29199-2 (Information
technology — JPEG XR image coding system — Image coding specification) as an electronic attachment. The reference
softwarf 1s an integral part of this part of ISO/IET 29T199.

Refererjce software is useful in aiding users of an image coding standard to establish and testwconf

interopq

rability, and to educate users and demonstrate the capabilities of the associated standard. For these

accompanying software is provided as an aid for the study and implementation of ITU-T Rec. T{832 | ISO|
technolpgy. The reference software includes both encoder and decoder functionality.

0.1

Purpose

The puipose of this part of ISO/IEC 29199 is to provide the following.

The usdg

Reference decoder software capable of decoding codestreams (or files) that conform to ITU-T|
SO/IEC 29199-2 in a manner that conforms to the decoding”process specified in ITU-T
SO/IEC 29199-2.

Bample encoder software capable of producing codestreams (or files) that conform to ITU-T]
SO/IEC 29199-2.

of this reference software is not required for making amimplementation of an encoder or decoder in|

to ITUT Rec. T.832| ISO/IEC 29199-2. Requirements*“¢stablished in ITU-T Rec. T.832| ISO/IEC ]
preceddnce over the behaviour of the reference software.

0.2

Examples of use

Some ekamples of uses for the reference decoder software are as follows:

As an illustration of how to performr the decoding process specified in ITU-T Rec. T.832 | ISO/IEC 2
As the starting basis for the implementation of a decoder that conforms to ITU-T Rec. T.832 | ISO/IH

For testing the conformance of a decoder implementation with the decoding process specifi
Rec. T.832 | ISO/IEE-29199-2 (as the values of the samples in all decoded pictures will be iden|
onforming decoder,implementations that support the profile and level used in a codestream thaf
TU-T Rec. T.882 JTSO/IEC 29199-2, with limited allowances for color sampling format conversion
n ITU-T Rec) T.832 | ISO/IEC 29199-2).

For (non-exhaustive) testing of the conformance of a codestream (or file) to the constraints
odestream (or file) conformance in ITU-T Rec. T.832 | ISO/IEC 29199-2, as the software can detg
afiy codestream conformance violations.

ormance and
purposes, the
1EC 29199-2

Rec. T.832 |
Rec. T.832 |

Rec. T.832 |

conformance
29199-2 take

0199-2.

C 29199-2.
ed in ITU-T
ical from all

conforms to
s as specified

specified for
ct and report

Rec. T.832 | ISO/IEC 29199-2.

Some examples of uses for the sample encoder software are as follows:

considered as definitive proof that the codestream (or file) conforms to all constraints specified for conformance in ITU-T

As an illustration of how to perform an encoding process that produces codestreams (or files) that conform to the

constraints specified for codestream (or file) conformance in ITU-T Rec. T.832 | ISO/IEC 29199-2.

As the starting basis for the implementation of an encoder that conforms to ITU-T Rec. T.832 | ISO/IEC 29199-2.

As a means of generating codestreams (or files) for testing the conformance of a decoder implementation with the

decoding process specified in [TU-T Rec. T.832 | ISO/IEC 29199-2.
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0.3

As a means of demonstrating and evaluating examples of the quality that can be achieved by an encoding process
that conforms to ITU-T Rec. T.832 | ISO/IEC 29199-2.

NOTE 2 — However, no guarantee of the quality that will be achieved by an encoder is provided by its conformance to ITU-T
Rec. T.832 | ISO/IEC 29199-2, as the conformance of an encoder to ITU-T Rec. T.832 | ISO/IEC 29199-2 is defined only in
terms of specified constraints imposed on the syntax of the output of the encoder. In particular, while the sample encoder
software may suffice to provide some illustrative examples of what quality can be achieved in conformance to ITU-T
Rec. T.832 | ISO/IEC 29199-2, it provides neither an assurance of minimum guaranteed image encoding quality nor maximum
achievable image encoding quality.

NOTE 3 — Similarly, the computational resource characteristics (in terms of program or data memory usage, processing speed,
types and characteristics of computational operations, etc.) of the sample software encoder or decoder should not be construed
as representative of the typical, minimum or maximum computational resource characteristics to be exhibited by
implementations of ITU-T Rec. T.832 | ISO/IEC 29199-2.

Wajranty disclaimer

Regardless of any and all statements made herein or elsewhere regarding the possible uses of the reference softwapre, the

following disclaimers of warranty apply to the provided reference software.

\Y

ITU, IS0, and IEC disclaim any and all warranties, whether express, implied, or statutory, mcluding any implied
warranties of merchantability or of fitness for a particular purpose.

In no eyent shall the contributor(s) or ITU, ISO, or IEC be liable for any incidental, punitive, or conseqpiential
damaggs of any kind whatsoever arising from the use of these programs.

This digclaimer of warranty extends to the user of these programs and the yser's customers, employees, jgents,
transferees, successors, and assignees.

ITU, ISO, and IEC do not represent or warrant that the software is free ofinfringement of any patents.

Commgrcial implementations of ITU-T Recommendations and-ISO/IEC International Standards, indluding
sharewgre, may be subject to royalty fees to patent holders.

Informgtion  regarding the common patent policys for ITU-T/ITU-R/ISO/IEC is avhilable
at http:/www.itu.int/ITU-T/dbase/patent/patent-policy.html:

© ISO/IEC 2012 — All rights reserved
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technol
softwar

The puipose of this part of ISO/IEC 29199 is to provide the following.
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—  Sa
IS
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not exp

ITU-T Rec. T.832 | ISO/IEC 29199-2 take precedence’¢ver the behaviour of the reference software.

2

The fol
the edi

amendments) applies.

ITU-T
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3

For the
the foll
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Scope

irt of ISO/IEC 29199 provides reference software for ITU-T Rec. T.832| ISO/IE€29199-2
bgy — JPEG XR image coding system — Image coding specification) as an electronic attachment.
e is an integral part of this part of ISO/IEC 29199.

ference decoder software capable of decoding codestreams (or files) that.eonform to ITU-T Rec. T.§
D/IEC 29199-2 in a manner that conforms to the decoding process specified in ITU-T Rec. T.832 |
D/IEC 29199-2.

D/IEC 29199-2.

of this reference software is not required for making an implementation of an encoder or decoder in|
T Rec. T.832 | ISO/IEC 29199-2, and conforming dmplementations of ITU-T Rec. T.832 | ISO/IE(
peted to follow the algorithms or programming techniques used therein. Conformance requirements

Normative references

Jowing referenced documents arelindispensable for the application of this document. For dated ref
fion cited applies. For undated references, the latest edition of the referenced document (i

Rec. T.832 | ISO/IEGC29199-2, Information technology — JPEG XR image coding system — |

Terms and definitions

purposes of this document, the terms, definitions and symbols given in ITU-T Rec. T.832 | ISO/IEC
wing apply.

mple encoder software capable of producing codestreams (or files) that conform to ITU-T Rec. T.832

(Information
[he reference

B2 |

conformance
29199-2 are
bstablished in

lerences, only
hcluding any

mage coding

29199-2 and

codestream
sequence of bits contained in a sequence of bytes that conforms to the codestream requirements specified by ITU-T
Rec. T.832 | ISO/IEC 29199-2 or is to be tested to determine whether it conforms to the codestream requirements
specified by ITU-T Rec. T.832 | ISO/IEC 29199-2

3.2
decode

r

embodiment of the decoding process specified by ITU-T Rec. T.832 | ISO/IEC 29199-2 or a process embodiment that is
to be tested to determine whether it conforms to the decoding process specified by ITU-T Rec. T.832 | ISO/IEC 29199

NOTE

The decoder does not include the display process, which is outside the scope of this part of ISO/IEC 29199.
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33
encoder

process that produces codestreams or files that conform to ITU-T Rec. T.832 | ISO/IEC 29199-2 or are to be tested to

determine whe

34
file

ther these codestreams or files conform to ITU-T Rec. T.832 | ISO/IEC 29199-2

{ITU-T Rec. T.832 | ISO/IEC 29199-2:2009, Annex A) finite-length sequence of bytes produced by an encoder that
conforms to ITU-T Rec. T.832 | ISO/IEC 29199-2:2009, Annex A or is to be tested to determine whether it conforms to
ITU-T Rec. T.832 | ISO/IEC 29199-2:2009, Annex A

3.5
output format
{ITU-T Rec. T
process of the

3.6
raw file
file used to sto

NOTE

3.7
reference soft
decoder softw|

3.8

sample softwdqre encoder

encoder softw

4 Abl
For the purpos

5 Corn
For the purpos|

6 Refi

6.1 Genjeral

The reference

ting
.832 | ISO/IEC 29199-2:2009, 9.10) processes of formatting the output of the sample réconstfuction
ecoder

Fe the resulting image buffers after the output formatting process

The raw file is described in detail in 6.2.4.

vare decoder
hre provided as an electronic attachment to this part of ISO/IEC 29199

hre provided as an electronic attachment to this part of5ISO/IEC 29199

reviations
bs of this document, the abbreviations given in ITU-T Rec. T.832 | ISO/IEC 29199-2 apply.

ventions

es of this document, thetconventions given in ITU-T Rec. T.832 | ISO/IEC 29199-2 apply.

brence software

softwate for ITU-T Rec. T.832 | ISO/IEC 29199-2 is provided as an electronic attachment to this part of

ISO/IEC 2919

and is an integral part thereof

6.2 Structure and use of the software

This subclause

is not an integral part of this part of ISO/IEC 29199.

The reference software is written in the C programming language.

The "jpegxr" program is an example program that performs encoding or decoding, and uses data structures defined in the
"jxr_priv.h" header file.

© ISO/IEC 2012 — All rights reserved
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6.2.1
USAGE

ISO/IEC 29199-5:2012(E)

Use of the reference decoder

jpegxr <flags> <input-file>

SUPPORTED OPTIONS

-0 <path>

When this flag is present, it specifies an output file destination pathname. This is the pathname of the

output decoded image data file.

Default: out.raw

NOTE 1 — The profile value and its interpretation are defined in ITU-T Rec 1832 | ISO/IEC 29199-2 Annex B.

NOTE 2 — The level value and its interpretation are definéd in ITU-T Rec. T.832 | ISO/IEC 29199-2 Annex B.

6.2.2
USAGE

SUPPORTED OPTIONS

-W

When this flag is present, the program will test the conditions that necessitaté)the sy
LONG_WORD FLAG to be equal to TRUE, and the decoding function will returiran error 1
encoded value of LONG_WORD_FLAG is equal to FALSE and the associated) constraints
The input file will still be decoded regardless of the actual encoded value of the .LONG_WOHR

P[44]55]66]111]

When this flag is present, the program will only decode codestreams conforming to the spg
value.

Default: 111

L[4]8]16]32]64]128255]

When this flag is present, the program will only~decode codestreams conforming to the s
value.

Default: 255

Use of the sample encoder

jpegxr -c¢ <flags> <input-file>

-C
When this flag is present, the program performs encoding. This flag is necessary to enable en
-0 <path>

When this flag is present, it specifies an output file destination pathname. When encoding
pathname of the encoded output file; otherwise, this is the pathname of the output decoded in

ntax element
nessage if the
are violated.
D FLAG.

cified profile

pecified level

oding.

-c) this is the
lage data file.

Detault: out.jxr

-b [ALL | NOFLEXBITS | NOHIGHPASS | DCONLY]

When this flag is present, it selects the subbands to encode (using terminology specified in ITU-T

Rec. T.832 | ISO/IEC 29199-2).
Default: ALL
-a0]1]2]

When this flag is present, it selects the alpha encoder mode. The value 0 corresponds to no alpha image
plane being encoded. The value 1 corresponds to encoding with an interleaved alpha image plane. The

value 2 corresponds to encoding with a separate alpha plane.

© ISO/IEC 2012 — All rights reserved
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Default: For TIFF input files, the method described in subclause 6.2.5 is used to infer whether an alpha
channel is available for encoding. When the encoder infers that an alpha channel is available and the -p
described below is not used, the default alpha encoding mode is 2. When the encoder infers that an alpha
channel is present and the -p flag described below is used, the default alpha encoder mode is 0.

For raw input files, when the -M parameter specified by the user is 9, 10, 11, 12 13, 14, 23, 24, 25, 26 or
28, the default alpha encoder mode is 2.

In all other cases, the default alpha encoder mode is 0.

NOTE 1 — The definition of an interleaved alpha image plane is specified in ITU-T Rec. T.832 | ISO/IEC 29199-2 Annex A.

P

When this flag is present, the encoder produces an output pixel format that includes a padding channkl.
For TIFF input files, the method described in subclause 6.2.5 is used to infer whether an alpha, chanpnel is
available for encoding. When the encoder infers that an alpha channel is available, the -p flag cauges the
encoder to treat the inferred alpha channel as a padding channel instead.

-£IYQPV420 | YUV422 | YUV444]
[When this flag is present, it selects the internal color format (INTERNAL CLR-FMT) for codesjreams
with OUTPUT CLR FMT equal to RGB.
Default: YUV444

-F <bjts>
[When this flag is present, it sets the value of the syntax elemed) TRIM_FLEXBITS in the codestrgam. If
[TRIM_FLEXBITS are enabled (-b ALL) then the <bits> value is the number of bits to trim. The |useful
values range from 0 to 15, inclusive. -F 0 keeps the mostflexbits, and -F 15 keeps the fewest flexbit.
Default: 0

-h
[When this flag is present, it enables encodidg using "hard" tile boundaries. When this flag is present, the
overlap operators are not applied across, file boundaries. Otherwise, "soft" tile boundaries are used|— i.e.,
overlap operators are applied regardless-of tile boundaries.
Default: soft tile boundaries

-m
[When this flag is present, the encoder produces frequency-mode ordered codestreams. Otherwise, the
encoder produces spatially ordered codestreams.
Default: spatial ordered codestreams

110 [1 2]
[When thisflag is present, it controls the overlap stage of the encoding transformation process. The value 0
turns_off overlap transform processing for both levels of transform processing. The value 1 enablgs first
leveloverlapping only. The value 2 enables both first and second level overlapping.
Default: 1

-q<ql:q2:q3..>

When this flag is present, it sets the quantization parameter settings for each channel. If only one value is
given, then the same quantization parameter value is used for all channels. If multiple values are given,
separated by a "' character, then each is assigned to a channel. If fewer values are given than the number of
channels, then the last value is used for all the remaining channels. For example, one can use "-q 2:4" to
specify Q=2 for Y and Q=4 for U and V channels of a color image. The default is '-q 0', which along with
'-b ALL' makes the encoding lossless. The useful range for this value is 0 to 255.

Default: 0 (lossless)

© ISO/IEC 2012 — All rights reserved
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-Q <QP_FILE path>

When this flag is present, it specifies the pathname of a file that contains detailed information about the

quantization parameters to be used when encoding (including macroblock-level specific
parameter selection), as further described below in subclause 6.2.3.

When this flag is present, derived quantization parameter settings are used. When this

quantization

parameter is

included, only one argument for -q is required and the encoder selects quantization parameter values for
the U and V chroma components itself. With respect to a single set quantization parameter, this option can

sometimes significantly improve compression capability under some circumstances. This
close relationship with color transformation processing.

setting has a

-U <rows:columns>

-C <width1:width2:width3...>

-R <heightl: height 2: height 3...>

P [441:55] 66 | 111]

When this flag is present, it specifies the number of tiles to encode. Based on the valugs se
gives uniform tile sizes, except when such uniformity is impossible. If one value i3Specified,

, the encoder
(for example

-U 3), then that value is used to set both the number of tile rows and tile columns: If two valyies are given,

separated by a "' character, then tile rows are set using the first value and'tile’ columns are
second value.

Default: 1

When this flag is present, it specifies the number of tile ¢elumns and the width of each ti
units of macroblocks. The number of tile columns is set-equal to the number of values, sep
character, specified. Each value specifies the widthof the tile corresponding to its ordd
macroblocks. If the width of the image, in units,df macroblocks, exceeds the sum of the ¢
specified, the additional macroblocks are added to‘the final tile column.

When this flag is present, it specifies the 'number of tile rows and the height of each tile ro
macroblocks. The number of tile rows 1s set equal to the number of values, separated by 3
specified. Each value specifies thédieight of the tile corresponding to its order in units of m:
the height of the image, in units of macroblocks, exceeds the sum of the row heights
additional macroblocks are added to the final tile row.

When this flag is present, the program will set the syntax element LONG_WORD FLAG {
FALSE. If thesencoder determines that the constraints associated with LONG_WORD FI
FALSE are Violated during the encoding of the codestream, the encoding will fail and pro
message.

Defatlt: LONG_WORD_FLAG is set equal to TRUE.

‘When this flag is present, the encoder will set the PROFILE IDC syntax element equal to

set using the

le column, in
hrated by a '
r in units of
lumn widths

w, in units of

"' character,
hcroblocks. If
specified, the

0 be equal to
AG equal to
duce an error

the specified

value. If the codestreams fails to meet the conditions of this profile, the encoding fails

Default: 111

NOTE 2 — The profile value and interpretations are defined in ITU-T Rec. T.832 | ISO/IEC 29199-2 Annex B.

L[4]8]16]32]64]128255]

When this flag is present, the encoder will set the LEVEL IDC syntax element equal to
value. If the codestreams fails to meet the conditions of this level, the encoding fails.

Default: 255

NOTE 3 — The level value and its interpretation are defined in ITU-T Rec. T.832 | ISO/IEC 29199-2 Annex B.

© ISO/IEC 2012 — All rights reserved
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-s < top:left:bottom:right>

-r

When this flag is present, it specifies the top, left, bottom and right margins used as windowing parameters
for encoding the image.

When this flag is present, the encoder reads from a raw (.raw) file. The raw file consists of the buffer of
each channel in raster scan order, sequentially for each channel. When this flag is used, the flags '-W', '-H',
and '-M' must also be present.

-W <value>

-H <}

M
(314
3113

alue>

D |33 ]34]

present, the flags '-r,

LA

H', and '-M' must also be present.

3 — 3 channel.

— 4 — 4 channel.

5 — 5 channel.

6 — 6 channel.

7 — 7 channel.

8 — 8 channel.

9 — 3 channel Alpha
10 — 4 channel Alpha
11 — 5 channel Alpha
12 — 6 channel Alpha
13 — 7 channel Alpha
14 — 8 chanmel’ Alpha
15 - 32bppRGBE.
16~~16bppBGRS555.
17 = 16bppBGR565.
18 — 32bppBGR101010.
19 — YCC420.

When this ﬂng is present it qppr‘iﬁpq the width of the imngp stared in the inpnf file_When this ﬂag is

[When this flag is present, it specifies the height of the image stored in the input file. When this [flag is

present, the flags '-1', -W', and '-M' must also be present.

50678910 11]12]13|14[15]16|17]18|19[20|21[22]23|24|25(26|27|28]29]30|

[When this flag is present, it specifies the format of the image stored ifi the input file. Interpretation|of the
associated number is as follows:

- 20 -YCC422.

- 21 - YCC444.

- 22 — YCC444 Fixed Point.

- 23 - YCC420 Alpha.

- 24 - YCC422 Alpha.

- 25 - YCC444 Alpha.

— 26 — YCC444 Fixed Point Alpha.
- 27 - CMYKDIRECT.

- 28 — CMYKDIRECT Alpha.

- 29 — 24bppBGR.
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