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Foreword

[SO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical activity.
ISO and IEC technical committees collaborate in fields of mutual interest. Other international organizations,
governmental and non-governmental, in liaison with ISO and IEC, also take part in the work.

The procedures used to develop this document and those intended for its further maintenance are described
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International Standard ISO/IEC 18181-3:2025(en)

Information technology — JPEG XL image coding system —

Part 3:
Conformance testing

1 Scppe
This dgcument specifies the conformance testing of the ISO/IEC 18181 series, also known as§PEG XLj

NOTE Other desirable aspects of implementation (including robustness and performance)-are outside tHe scope
of this document.

2 Ngrmative references

The following documents are referred to in the text in such a way that someor all of their content congtitutes
requir¢ments of this document. For dated references, only the edition ¢ited applies. For undated references,
the lat¢st edition of the referenced document (including any amendments) applies.

ISO/IEC 18181-1:2024, Information technology — JPEG XL imagelcoding system — Part 1: Core coding system
[SO/IE( 18181-2:2024, Information technology — JPEG XL image coding system — Part 2: File format

1SO 15076-1Y), Image technology colour management —Architecture, profile format and data structure|— Part
2: Basefd on ICC.1:2022

[SO/IEC 60559, Information technology — Microprocessor Systems — Floating-Point arithmetic

3 Terms and definitions
For the purposes of this document, the‘following terms and definitions apply.

ISO andl [EC maintain terminology’databases for use in standardization at the following addresses:

— IS Online browsing platform: available at https://www.iso.org/obp

— IEC Electropediarayailable at https://www.electropedia.org/

3.1
core conformance
produding deceded samples within the specified tolerances

3.2
extended conformance

conforming to all the testing procedures, including those related to metadata and JPEG bitstream
reconstruction

4 Testing procedures

A set of test cases is defined in this document. Each test case consists of a JPEG XL bitstream, a reference
decoded image, and possibly additional tests. For each test case, core conformance tests (as defined in
Annex A) establish precision tolerances on the decoded samples, as compared to a reference image.

1) Under development. Stage at the time of publication: ISO/DIS 15076-1:2024.

© ISO/IEC 2025 - All rights reserved
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Extended conformance tests (as defined in Annex B) include additional decoder functionality such as
extraction of metadata and JPEG-1 bitstream reconstruction.

The electronic attachments (https://standards.iso.org/iso-iec/18181/-3/ed-2/en/) of this document consist
of a testcases/ subdirectory, containing multiple subdirectories, each of which contains a single test case
for conformance testing.

5 Decoder conformance

A decoder shall be considered conforming to Level 5 of the Main profile if it is conforming to all the test

cases s

A deco

cases specified in the testcases/main_levell0.txt file in the electronic attachment to this dectunent.
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succes:s
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a) Sel

der shall be considered conforming to Level 10 of the Main profile if it is conforming toall-

5ts described in this document are necessary, but not sufficient to determine icomplete d
ance to all aspects of the ISO/IEC 18181-1 and ISO/IEC 18181-2 specifications.

e conformance, all test cases shall pass the tests described in Annex A.

Core conformance to Level 5 of the Main profile suffices to implement an application that can corre
ely render RGB or greyscale JPEG XL images intended for end-user image déliyery. In order to facilitate
s can generate NPY files as described in Annex A.2. If implementations~do not directly support this
the conformance tests. For example, if the decoder produces a (possibly animated) PNG file (with a suf

depth), this still suffices to test core conformance. However, fortesting core conformance to Level 1
ofile, PNG output does not suffice since it is limited to 16-bit precision.

ended conformance, all test cases shall pass both thetests described in Annex A and in Annex

The extended conformance tests assess functionality that is not necessary for displaying an image,
theless useful for authoring or archival purposes.

coder conformance

cified in ISO/IEC 18181-1:2024, anyencoding process is acceptable so long as it produces
‘eam. Thus, an encoder shall ‘bé considered conforming if it produces output files wh
fully decoded by a conforming decoder as described in Clause 5. More precisely, the steps for
r conformance are as follows:

ect a test image that-represents the type of imagery that the encoder is designed to compre

reference decoded images provided for decoder conformance tests are acceptable but not requir

b) En
c) Sel
d) An

rode with the €ncoder under test.
1d the codestream to the reference decoder.

encoder is found to be conforming if a conforming decoder can fully decode the image.

he test

ecoder

ctly and

testing,
output

generating such files from the decoder output in a sample value preserving postprocessing step is syfficient

iciently
0 of the
B.

but that

a valid
ch are
testing

ss. The
bd.

e) Re

peat steps a) through d) for all parameters for which the encoder is designed. These parameters

should be varied to the extent to which the encoder will be used.

f) Repeat steps a) through e) for several test images, sampling the breadth of imagery types (small image
size, large image size, odd image sizes, number of components, component bit depths, component
sampling) the encoder is designed to compress.

The above procedure provides a necessary, but not sufficient criterion to determine complete encoder
conformance to all aspects of the ISO/IEC 18181-1 and ISO/IEC 18181-2 specifications.
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Annex A
(normative)

Core conformance

A.1 Test case structure

Each te
— a ]
— aj
— aN
— an
Collect
The JS(

The NH
dimens
32-bit {

refere

A.2 Numpy file format

A NPY
in ASC
endian

The re
'fortr

base-1

The NH
bit floa
with th

st case subdirectory contains

BON file (ISO/IEC 21778) named test.json

PEG XL file (ISO/IEC 18181-2:2024) named input.jx1

PY file (A.2) named reference image.npy

ICC profile file named reference.icc. The contents of this file shall be confermant to ISO 1507
jvely, the NPY and ICC file are known as the reference image for that'test case.

N file specifies the tests to be performed as part of this test case,

Y file contains sample values for the image frames, represented as a four-dimensional arr3
ions (num_frames, height, width, num channels) respectively. The data format stored in these
loat and shall be conformant to ISO/IEC 60559.

hce . icc represents the colour space of the data in.the NPY file.

file begins with the sequence of bytes 8x93 0x4e 0x55 0x4d 0x50 0x59 (byte 93 followed b

integer LEN that represents the(ength of the rest of the header.

5t of the header contains the newline-terminated ASCII (ISO/IEC 646) string {'descr':

textual representation:

Y file represents an‘array with dimensions (X, Y, Z, W). The rest of the file contains X x Y X Z 3
ting point numbers as specified in ISO/IEC 60559, with little endian byte ordering, in raste
e W dimensionwarying faster, i.e. floating point number in position (X, y, z, w) is stored in the

startin

A.3 Image similarity

at positiowr4-(x-Y-Z-W + y-Z:-W + z-W + w) after the header.

(6-1.

1y with
arrays

y NUMPY

1), followed by the sequence of bytes 0x01 0x00, followed by two bytes representing a 16-bit little-

'<f4r',

bn_order': False, 'shapd': (x, Y, z, w), }, whereX, Y, Z, W represent integers in their usual

x W 32-
r order
4 bytes

Samplesare compared In the colour space speciiled by the reference ICC proflle reference . icc, with nominal
values in the interval [0, 1]. For core conformance, clamping is to be applied to values outside this range, in
both the decoded and in the reference image. For extended conformance, no such clamping is to be applied.

An image is similar to the reference image if and only if the following three conditions are met:

— Theimage dimensions WxH ,number of frames and number of channels are identical. A decoded sample
at position (x,y) of channel ¢ of frame f is denoted by D(f,c,x,y); the corresponding reference

sample is denoted by R(f,c,x,y);

© ISO/IEC 2025 - All rights reserved
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— The peak error is bounded: for each frame f and each channel ¢, the maximum absolute error

max,_y, max

w-1 5;3 ID(f,c,x,y)-R(f,c,x,y)| is smaller or equal to a given threshold;

— The root mean square error is bounded: for each frame f and each channel c, the value of

1 w-1 H-1 2 . .
\/ﬁzx:o ZyZO(D(f,c,x, Y)—-R(f,c,x,y))" issmaller or equal to a given threshold.

For the purposes of this comparison, the channels are assumed to be ordered as follows (for color images):
the first three channels are the RGB channels (in the order R, G, B); then, channel 3+i is the i-th extra channel
(see metadata.ec_info, ISO/IEC 18181-1:2024, Annex D.3.1). In the case of greyscale images, there is only a
single channel.
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kRegu;ar or kSKkipProgressive and either a non-zero duration op is’1ast set to true, after any b
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— Th
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NOTE

Practic
comput|

also requiring a sufficiently precise image.reconstruction (depending on the profile and level), image simi

defined
in fact 1

onformance on a single test case
N file for a given test case represents the test configuration for that test case.

N file represents this configuration using a key-value format, where keys are.strings and val
numbers, arrays or nested key-value pairs.

e conformance, only the frames key matters. Its value is an array of per-frame criteria. Th
equals the number of frames in reference image.npy. For each array entry, conformance is
cking similarity of the i-th decoded frame with the i-th framednreference image.npy. |

entation is applied. This corresponds to frames that are meant to be displayed to the end user

ptal number of decoded frames is not equal to the length of the array, the decoder is non-confq
Vs in the i-th entry of the array influence conformangeé-testing at follows:

e key rms_error specifies the threshold for the root mean square error of any channel.
e key peak error specifies the threshold forhe peak error of any channel.

The JPEG XL codestream (ISO/IEC 18181-1:2024) is specified in infinite-precision, mathematical arit
il implementations are likely to use finite-precision arithmetic that only approximates of the s

htions. In order to give implementations sufficient freedom for alternative implementation strategie

in terms of tolerances for the decoded samples. For some test cases, mathematically lossless reconstrt
equired since they have a peakierror bound that is lower than the integer quantization step.

les are

P array
tested
For the

es of this document, the i-th decoded frame is defined to be the i-th frame with a FrameType of either

ending

rming.

hmetic.
becified
s, while
arity is
ction is
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Annex B
(normative)

Extended conformance

Besides the files mentioned in Annex A, each test case subdirectory can additionally contain

N\

— al
— an
J— a]

origin
metadj

recons
contaii

Beside

additional test criteria that apply only to extended conformance.

In the 4

— Th
(fr
de

— Th

should be displayed for (frame header.duration in ISO/IEC 18181-1:2024, Annex F.2). The d

is
0.d
— Th

he
no

If the g
is used

previe

If the
recons
the sar

origin

DY o1 1

I I 11IC IId1IITU ]:eIe]:en(,eipre 1lew.p
ICC profile file original.icc

PEG-1 file named reconstructed. Jjpeg

h1.icc represents the ICC profile of the samples that were used to create the JPEG XL file;
ta that may be present in the JPEG XL file.

ructed.jpg contains the original JPEG-1 file that was losslessly recompressed to a JPEG
ling a jbrd box.

5 the per-frame error thresholds for core conformance (Annex A),“the JSON file test.json ¢

rray frames, the following per-frame information shall match the output of the decoder:

e value of the key name, if present, is a UTF-8 encodéd\string that specifies the name of the
ame_header.name in [SO/IEC 18181-1:2024, Annex F.2)-If it differs in either content or length fj
roded value, the decoder is not conformant.

e value of the key duration, if present, specifies the amount of time (in seconds) that the

hot conformant if this duration differsfrom the duration reported by the decoder by mot
001 seconds.

e value of the key timecode, if pfesent, is an integer that specifies the timecode of the frame
der.timecode in ISO/IEC 18181-1:2024, Annex F.2). If it differs from the decoded value, the deq
F conformant.

for the “frames” key:..It is to be interpreted in the same way, except that it refers to the refg
.npy file and the decoded preview image (preview frame in [SO/IEC 18181-1:2024, Annex A.1

riginal io€2Re€y is present, the file original.icc shall be compared to the original ICC
fructed by ‘the decoder. The decoder is not conformant if it reports that the original ICC pr
hples represented by the JPEG XL file (icc in ISO/IEC 18181-1:2024, Annex A.1) differs from
b1 . idgreither in length or in contents.

If the 4

this is

XL file

bntains

frame

om the

frame
ecoder
e than

frame_
oder is

review key is present, its’corresponding value is a single instance of the per-frame informatipn that

rence_

).

profile
ofile of
the file

econstructed pegq Key is present, the file reconstructed.ipg shall be compared to the JPE

G-1 file

reconstructed by the decoder, according to the procedure described in Annex A of ISO/IEC 18181-2:2024
The decoder is not conformant if the reconstructed JPEG-1 file differs from reconstructed.jpg, either in

length

or in contents.

If the intensity target key is present, its value is a number that defines the intensity target of the decoded
image (Table E.3 in ISO/IEC 18181-1:2024). If the decoded value differs by more than 0.0001, the decoder is
not conformant. The min nits, relative to max displayand linear below Keys are defined in a similar way.

If the extra channel type key is present, its value is an array of strings that has a length of num_extra (i.e.
equal to the number of extra channels). The i-th entry of the array corresponds to the type value of the

© ISO/IEC 2025 - All rights reserved
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ExtraChannellnfo bundle corresponding to that extra channel (ec_info[i].type in ISO/IEC 18181-1:2024).
If any of those values differs from the decoded ones, the decoder is not conformant.

If the bits per channel Kkey is present, its value is an array of integers representing the original bit depth.
Its length is num channels - 2;the first value corresponds to the bits per sample value of the color channels
(headers.bit depth.bits per sample in ISO/IEC 18181-1:2024), and the other values correspond to the
bits per sample of the extra channels (ec info[i].bit depth.bits per sample in ISO/IEC 18181-1:2024).
If the exp bits per channel Key is present, its value is an array of integers. Its length is num channels -
2; the first value corresponds to the bit depth.exp bits value of the color channels and the other values
correspond to the ec_info[i].bit depth.exp bits value of the extra channels.

© ISO/IEC 2025 - All rights reserved
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Annex C
(informative)

Description of the test corpora

Table C.1 describes what combinations of coding tools and peak/mean error values are found in each of
the test corpora. Coding tools and values are considered on a per-channel basis; for example, in the Level 5

test corpus 1t 1s possible to I1nd an Image with the three colour channel encoded with VarDC1 and 3 peak/

averagg error bound of 0.06 and 0.02, plus one extra channel encoded with 8-bit Modular (witlime

and a peak/average error bound of 1/210.

In this|table, “no filters” means that all the coding tools from Annexes ] and K, in ISO/IEE€ 18181
are not enabled for that channel. In contrast, “with filters” means that some of those-tools are e

filters)

1:2024
nabled.

An X if present in the “Level 5”/ “Level 10” columns if images with this configuration ‘can be found in the

corresponding corpora.

Table C.1 — Summary of typical thresholds in the test corpora

Level 5 | Level 10 | Peak-error | RMSE
VarDCT, Modular with filters X X 0.06 0.02
VarDCT, Modular no filters X X 0.06 0.02
VarDCT, Modular with filters X 0.004 1/10%4
VarDCT with no filters X 0.004 1/105
Modular 8-bit, no filters, RGB X X 1/210 1/210
Modular 10-bit, no filters, RGB X X 1/212 1/212
Modular 12-bit, no filters, RGB X X 1/214 1/214
Modular 16-bit, no filters, RGB X 1/218 1/218

Table (.2 lists the test cases and the relevant coding tools that are tested with them. The main levql5.txt
file corftains all the test cases that are ifidicated to be level 5 in the rightmost column; the main level10.txt

file contains all the test cases.

Table C.2—"Summary of test cases and relevant coding tools

test case what it tests level
alpha |nonpremultiplifed Modular mode, alpha channel, 12-bit 5
alpha [premultipli®d VarDCT mode, premultiplied alpha channel, 12-bit color, 16-bit 10
alpha
alpha |triang)es Modular mode, alpha channel, 9-bit 5
animaffions }€os4D VarDCT mode, alpha channel, animation 5
animafli'ef) newtons cradle Modular mode, Palette, animation 5
animation_spline Splines, animation 5
bench_oriented_brg Container, VarDCT mode, JPEG reconstruction, Orientation, ICC 5
profile
bicycles Modular mode, Squeeze, XYB 5
bike VarDCT mode 5
blendmodes Modular mode, various blend modes, 12-bit 5
cafe Container, VarDCT mode, JPEG reconstruction, chroma upsam- 5
pling

© ISO/IEC 2025 - All rights reserved
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