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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proce@lures used to develop this document and those intended for its further maintenance
described In the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed forj
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Electronic imaging systems, such as scanners and cameras, can be used for digitizing physical records,
e.g. documents, pictures, maps. The resulting digital images can be more or less accurate in terms of how
well they reproduce the original record’s tones, colours, details, etc. These and other characteristics of a
digital image can be assessed by imaging systems’ quality analysis. In general, the achievable accuracy
of digital reproductions depends on the nature of the original record and the digitization, especially the
performance of the imaging system and the applied system settings.

In some organizations, e.g. within the archiving and cultural heritage field, where considerable
respurces are put into digitization projects, it is key to ensure that the required imaging systems’
quallity is met and that it is consistent. To this end, imaging systems’ quality analysis can dssist those
devgloping or acquiring imaging systems with the assessment and verification of system pefformance,
such as the specified resolution and dynamic range of a scanner, and the comparative perfprmance of
different imaging systems. Imaging systems’ quality analysis is also used for setting up and [calibrating
imaging systems as well as for enhancing their performance. Finally, imagingsystems’ qualjty analysis
is Used for assessing accuracy and controlling imaging consistency over time. Note, that while the
need to ensure imaging systems’ quality is generic, the required level ofimaging systems’ quality and
accyracy is use-case specific. For example, when digitizing watercolotrsit is usually essent]al to reach
a high degree of accuracy in the capture of the colour informationy while this is not normdlly equally
critical when digitizing newspapers. Also, some image processing programs, such as Optica| Character
Redpgnition (OCR), are more accurate if the contrast is enhaneed-during imaging.

In practice, imaging systems’ quality is analysed by digitizing a physical reference target (test chart)
with known (measured) values and comparing these reference values to the correspondinig captured
valyes represented in the digital image file (see Figuréd).
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quallity analysis reports how accurately.the imaging system reproduces the reference target

a technical pattern with more details'than the system is capable of resolving. Imagir

e original record differs significantly from the target, e.g. with respect to tone, tonal ran
hils, and light reflectance/absorbance, this may, in spite of a well performing system, c
accuracy of the reprodugced-image. See also References [29] and [32] Ideally, the targ
bmble the nature of the original material. However, given the many different types
brds this is often not, practical or technically impossible. Even though systems ma
brently on the different types of originals this document provides tools to verify if g
irately calibrated-and in general performs well on a selected type of original. This is s

Luther condition[42]) Performance on specific types of originals however can only be
tools ar€ made of that material. It is also important to note that an accurate reproduct
lires stibsequent processing to render a visually pleasing image.
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(€S, €.8. TESOIUtion, TOISE, Gy anTic Tange, toe and cotour reproduction tsee tiause 2). This

document combines all of the standards that relate to the imaging systems quality analysis for cultural
heritage and defines a tool set to apply them to these devices and workflows. These tools are based
on the use of a test chart with multiple technical patterns coupled with software that allows the user
to analyse several imaging systems’ quality characteristics simultaneously and receive comprehensive
results. However, these tools are not based on a standardized image quality analysis method, which
has caused confusion among users. With the publication of this specification imaging systems’ quality
analysis tools can refer to an ISO document.

To support this document a standard with a glossary including all relevant terms and definitions
has been developed (ISO 19262). Further this document is accompanied by a Technical Report
(ISO/TR 19263-1) that provides practical guidance on how to use this document.
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measured, and how the results of the analysis need to be presented.

5 specification applies to scanners and digital cameras used for*digitization of cultur
erial.

E This document addresses imaging of reflective originals)a future part two will address
sparent originals.
Normative references

following documents are referred to in theitext in such a way that some or all of th
Ktitutes requirements of this document. Fo¥’ dated references, only the edition cited 3
ated references, the latest edition of thexeferenced document (including any amendmen

12233, Photography — Electronic still-picture imaging — Resolution and spatial frequency)|

ges — Part 1: Scanniers for reflective media
17957, Photography — Digital cameras — Shading measurements
21550, Photography — Electronic scanners for photographic images — Dynamic range meq

CIE\11664-4, Colorimetry — Part 4: CIE 1976 L*a*b* colour space

5 document describes a method for analysing imaging systems quality in the area of cultugal heritage
imjging. The method described analyses multiple imaging systems quality char@acteristics fr'
5

pbm a single

e of a specified test target. The specification states which characteristicslare measured, how they

0l heritage

imaging of

Pir content
pplies. For
[s) applies.

responses

14524, Photography — Electronic still-picture cameras — Methods for measuring optg-electronic

bersion functions (OECFs)
15739, Photography — Electronic still-picture imaging — Noise measurements
16067-1, Photography’ — Spatial resolution measurements of electronic scanners for photographic

[ surements

3

For

Terms and definitions

the purposes of this document, the following terms and definitions apply.

ISO and [EC maintain terminological databases for use in standardization at the following addresses:

[SO Online browsing platform: available at https://www.iso.org/obp

IEC Electropedia: available at http://www.electropedia.org/
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31
acutance

numerical value that correlates to some extent with subjective image sharpness

[SOURCE: I

3.2
banding

S0 19262:2015, 3.1]

unwanted stripes or bands that occur in a digital image

Note 1 to entry: Bands are usually caused by fixed pattern noise of sensors in scanners, interference problems

between eld

[SOURCE: I
entry.]

3.3
checkerbd

CLTOIIC parts of a CAMerd, Or Dy t00-COarse qUuartiZation.

SO 19262:2015, 3.9, modified — addition of “or by too-coarse quantization” in the Note

ard

regular squiared dark and bright structure on a surface like the one used on a chess board

[SOURCE: ]

34
colour mijg
colour-to-d

[SOURCE: 1

3.5

digitizatidg
act of gene
[SOURCE: 1

3.6
distortion
geometrid
displacemg
recorded i

Note 1 to e
and results
example rot

[SOURCE: 1

3.7
dynamic 1

SO 19262:2015, 3.18]

registration
olour spatial dislocation of otherwise spatially coincidentcolour features of an imaged ob

SO 19262:2015, 3.42]

n
Fating a digital (quantized) representation;gfia continuous signal

SO 20998-1:2006, 2.7, modified — The:lNote 1 to entry has been deleted.]

distortion
nt from the ideal shape ©fya subject (lying on a plane parallel to the image plane) in

I‘nage
try: It basically derives from variation of lateral magnification in the image field of a camera

n straight lines bé€ing rendered as curves. There are other factors to induce geometric distortion
ational asymmeétny of a camera lens or position shift processing in a camera imaging process.

SO 19262:2015, 3.82]

ange

1 to

ject

the

lens
, for

difference,

over a given luminance range, hetween maximum and minimum signal levels, expresse)

in

decibels, contrast ratios or f-stops

Note 1 to entry: The minimum signal level needs to be greater than a specified usable signal level.

Note 2 to entry: This definition is derived from IEC 702-04-23 but was altered to match the imaging and archiving

application.

[SOURCE: I

SO 19262:2015, 3.87]
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3.71

ISO scanner dynamic range

difference of the maximum density where the incremental gain is higher than 0,5, as determined
according to ISO 21550 to the minimum density that appears unclipped

[SOURCE: ISO 21550:2004, 3.13]

3.8
exposure
H
<photographic> total quantity of light allowed to fall upon a photosensitive emulsion or an imaging
sengor

Note¢ 1 to entry: The exposure is measured in lux per second.

[SOPURCE: ISO 10934-1:2002, 2.50, modified — A symbol, the field of application.ahd a note to entry
have been added.]

3.9
fast scan direction
scan direction corresponding to the direction of the alignment of theZaddressable photoelg¢ments in a
lingar array image sensor

[SOPRCE: ISO 16067-1:2003, 3.7]

3.19
gaih modulation
varjation of the gain over the signal level

Notg 1 to entry: One example for a gain modulation is-the application of a gamma to an image.
[SOPURCE: 1SO 19262:2015, 3.109]

3.11
grely scale pattern
test chart consisting of test pattern-based on spectrally neutral or effectively spectrally neutral, and
conkists of a large number ofidifferent reflectance or transmittance values in a prescribed spatial
arrjngement

Note 1 to entry: Grey scale(patterns are typically used to measure opto-electronic conversion functigns.

3.12
limjiting resolution
valge of that pertion of a specified resolution (3.21) test pattern, measured in line widths per picture
height, which corresponds to an average modulation value equal to some specified percenftage of the

Notg o entry: The limiting resolution could be the test pattern value, in line widths per picture hejght (w;/h,),
f g o feve 169 g T forr feverat a reference

3.13
modulation
difference between the minimum and maximum signal levels divided by the sum of these levels

[SOURCE: ISO/IEC 29112:2012, 3.17]

3.14
noise
unwanted variations in the response of an imaging system

[SOURCE: ISO 15739:2013, 3.9]

© IS0 2021 - All rights reserved 3
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3.15

opto-electronic conversion function

OECF

relationship between the log of the input levels and the corresponding digital output levels for an opto-
electronic digital image capture system

Note 1 to entry: If the input log exposure points are very finely spaced and the output noise is small compared
to the quantization interval, the OECF possibly has a step-like character. Such behaviour is an artefact of the
quantization process and needs to be removed by using an appropriate smoothing algorithm or by fitting a
smooth curve to the data.

[SOURCE: [SO 17321172012, 373}

3.16
original-referred
scene-refdrred

image statg¢ associated with image data that represents the colour-space coordinates gfthe elements of
a two dimgnsional hardcopy or softcopy image, typically produced by scanning artwork, photographic
transparericies or prints, or photomechanical or other reproductions

Note 1 to erftry: When the phrase “original-referred” is used as a qualifier to an object, it implies that the ohject
is in an original-referred image state. For example, original-referred image dataare image data in an original-
referred image state.

Note 2 to enftry: Original-referred image data are related to the colour-space coordinates of the original, typi¢ally
measured afcording to ISO 13655, and do not include any additional veiling glare or other flare.

Note 3 to entry: The characteristics of original-referred image data that most generally distinguish them from
scene-referfed image data are that they refer to a two-dimensional surface, and the illumination incident o1 the
two-dimengional surface is assumed to be uniform (or the image data corrected for any non-uniformity irf the
illumination).

Note 4 to pntry: There are classes of originals thdt)produce original-referred image data with diffefent
characteristics. Examples include various types of'drtwork, photographic prints, photographic transparentfies,
emissive di§plays, etc. When selecting a colour re<rendering algorithm, it is usually necessary to know the clags of
the originallin order to determine the appropriaté colour re-rendering to be applied. For example, a colourimégtric
intent is gerjerally applied to artwork, whiledifferent perceptual algorithms are applied to produce photographic
prints from|transparencies, or newsprintreproductions from photographic prints. In some cases the assumed
viewing corditions are also different-between the original classes, such as between photographic prints|and
transparengies, and will usually be-considered in well-designed systems.

Note 5 to entry: In a few cases)it-Can be desirable to introduce slight colourimetric errors in the productign of
original-referred image data;for example to make the gamut of the original more closely fit the colour spacg, or
because of the way the image’data were captured (such as a Status A densitometry-based scanner).

[SOURCE: ISO 22028-1:2016, 3.32, modified — A term has been slightly modified and second one added.]

3.17
output-referred
image stateassociated wi s of
an image that has undergone colour-rendering appropriate for a specified real or virtual output device
and viewing conditions

Note 1 to entry: When the phrase “output-referred” is used as a qualifier to an object, it implies that the object is
in an output-referred image state. For example, output-referred image data are image data in an output-referred
image state.

Note 2 to entry: Output-referred image data are referred to the specified output device and viewing conditions. A

single scene can be colour-rendered to a variety of output-referred representations depending on the anticipated
output-viewing conditions, media limitations, and/or artistic intents.

4 © IS0 2021 - All rights reserved
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Note 3 to entry: Output-referred image data can become the starting point for a subsequent reproduction process.
For example, sRGB output-referred image data are frequently considered to be the starting point for the colour
re-rendering performed by a printer designed to receive sRGB image data.

[SOURCE: ISO/TS 22028-3:2012, 3.16]

3.18

profiling

creation of (ICC) colour profiles for imaging devices in order to enhance the accuracy in colour
reproduction

[SO IRCE.ICNO 1029.0N010 D
T 1TOU T JZ0Z2. 20T, O,

3.19
refeérence target
arrangement of test patterns designed to test particular aspects of an imaging system

Note¢ 1 to entry: See examples in ISO 12233:2017, ISO 16067-1 and ISO 16067-2.
[SOPRCE: I1SO 19262:2015, 3.207]

3.2
reproduction scale
ratip of the size of an object in a digital image and the size of thé.original object

[SOPRCE: ISO 19262:2015, 3.215]

3.21
resplution
meagsure of the ability of a camera system, or a component of a camera system, to depict pictpre detail

Notg 1 to entry: Resolution measurement metrics.riclude resolving power, limiting resolution, spatial frequency
resgonse (SFR), MTF and OTF.

[SOPRCE: 1SO 12233:2017, 3.22, modifiéd'— Two new terms and a Note 1 to entry have been|added.]

3.2p
sampling rate
number of samples per unjt ef’time, angle, revolutions or other mechanical, independent yariable for
uniformly sampled data

[SOPRCE: ISO 18431-1:2005, 3.13]

3.28
scene referred
imalge stateiage state associated with image data that represents estimates of the cqlour-space
coofdinates of the elements of a scene

Not¢ ¥ To entry: When the phrase “scene-referred” is used as a qualifier to an object, it implies that the object is
in a scene referred image state. For example, scene-referred image data are image data in a scene-referred image
state.

Note 2 to entry: Scene-referred image data can be determined from raw DSC image data before colour-rendering
is performed. Generally, DSCs do not write scene-referred image data in image files, but some do so in a special
mode intended for this purpose. Typically, DSCs write standard output-referred image data where colour-
rendering has already been performed.

Note 3 to entry: Scene-referred image data typically represents relative scene colourimetry estimates.
Absolute scene colourimetry estimates can be calculated using a scaling factor. The scaling factor can be
derived from additional information such as the image OECF, F-number or ApertureValue, and ExposureTime or
ShutterSpeedValue tags.

© IS0 2021 - All rights reserved 5
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Note 4 to entry: Scene-referred image data can contain inaccuracies due to the dynamic range limitations of the
capture device, noise from various sources, quantization, optical blurring and flare that are not corrected for,
and colour analysis errors due to device specific spectral sensitivities. In some cases, these sources of inaccuracy
can be significant.

Note 5 to entry: The transformation from raw DSC image data to scene-referred image data depends on the
relative adopted whites selected for the scene and the colour space used to encode the image data. If the chosen
scene adopted white is inappropriate, additional errors will be introduced into the scene-referred image data.
These errors can be correctable if the transformation used to produce the scene-referred image data are known,
and the colour encoding used for the incorrect scene-referred image data has adequate precision and dynamic
range.

Note 6 to eitry: The scene can correspond to an actual view of the natural world, or be a computer-generfted
virtual scempe simulating such a view. It can also correspond to a modified scene determined by-applying
modificatiois to an original scene to produce some different desired scene. Any such scene modificatiens fjeed
to leave theg image in a scene referred image state, and need to be done in the context of an expected colpur-
rendering tfansform.

[SOURCE: ISO/TS 22028-3:2012, 3.18]

4 System setup and calibration

4.1 General

The image fapture system needs to be carefully set up to ensure consistent, repeatable, and high qudlity
results. Prjor to checking or confirming the quality of the system, it always needs to be accurafely
calibrated |and adjusted. For a more detailed description onzhow to set up and calibrate an imaging
system pripr to imaging systems quality analysis see ISO/TR 19263-1.

4.2 Systpm configuration

The camerp needs to be mounted on a solid stand that does not move during exposure. Any ambjfent
light that does not originate from the desiredillumination shall be avoided.

4.3 Camlera/scanner settings

The lowest sensitivity and lowest_image compression rate, i.e. the highest image quality, should be
selected.

4.4 Exp¢sure

The exposfire shall hemadjusted so a diffuse white flat surface (a test chart may be used for thig) is
captured and recorded using encoding values that have an L* value equal to the actual L* value of|the
diffuse whiite flat-surface. In the case of a three-dimensional original the placement and orientation
of the diffuse white flat surface are left to the photographer but should result in a reasonable injage
appearance—{ .
sure that the dark areas are also not cllpped If cllppmg in the black areas is encountered the user
needs to ensure that the system is able to capture the dynamic range of the original referring to the
measurement described in ISO 21550.

4.5 White balancing

The white balance shall be measured on a grey card or a white card (without optical brighteners)
to ensure correct and consistent results. This grey reference is required to be spectrally neutral in
reflection and the surrounding shall not have a dominating colour. These settings shall be stored and
used for production afterwards. This process shall be repeated on a regular basis to compensate for the
spectral change of the light source over its lifetime. Depending on the type of light source the interval in
which this needs to be done varies.

6 © IS0 2021 - All rights reserved
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White balance performed on different tonal levels can vary. Highlights are generally more sensitive to
errors. To check the variances of a system, it is best to use a grey scale and try different tonal levels.

4.6

ICC Profiling

If the originals are captured using a colour imaging system, an ICC profile should be created to
characterize the system. For the purpose of ICC profiling, an ideal colour test chart reflects the type of
originals to be digitized in terms of matching material and colourants.

If the software does not support ICC colour management, it is critical to determine if the system sensor,

or anv-internal calibration reaches accurate colour reproduction-in-the desired-encoding
" 7 T S

dec

4.7

Thd
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focyising on certain originals without the introduction of focus aids.

4.8
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before you

de to purchase or use the system.

Focusing

system shall correctly be focused on the original. It depends on the tools.the system ha
' a good focus level can be achieved. Auto focus systems are often not reliable’and may havi

Colour encoding

desired colour encoding should be selected based on the-intended application require
kflow preferences. In ISO 22028-1:2016, Annex B lists the characteristics and source st
mber of standard colour encodings and Annex C provides criteria for selection of colour

eneral, original- and scene-referred encodings aresmost appropriate for digital archiviy
ples of original-referred images are providediin ISO 12640-3, and examples of sc
s are provided in ISO 12640-5. However, at‘the time of the drafting of this docume
wners and digital cameras or raw processing applications supported either original
rred encodings, making it necessary to adapt output-referred encodings to this use.

bn adapting output-referred encodings for the purpose of digital archiving, several
mal practice should be made in¢the processing, encoding, interpretation and display of
h:

When processing the image data for encoding, any colour rendering should be turneg
extent possible, so that the image colourimetry encoded accurately represents the co

should be paid to.processing controls that apply nonlinear tone reproduction, or blag
clipping.

If it is not\possible to turn off the colour rendering in the processing, profiling should
undo it:to the extent possible, and the resulting profile assigned to the image, instead of]
normally associated with the colour encoding used. For example, if a camera capture
RGB.image, and the scanner or camera has been profiled, which this document recom

s available
e problems

ments and
ndards for
encodings.

g systems.

eie-referred

, very few
or scene-

Changes to
the image

| off to the
lourimetry

of the original objedt, with chromatic adaptation to the encoding white point. Particular attention

k or white

be used to
the profile
E an Adobe
mends, the

profile assigned to the image should be the appropriate scanner or camera profile rath

er than the

Adobe RGB profile.

It should be noted that most output-referred RGB encodings use encoding 0 to represent the encoding
reference medium black point, as opposed to an absolute black. This can cause several problems:

In some cases, converting to the encoding could result in clipping of tones darker than the reference

medium black point, which should be avoided. When original- or scene-referred images

are stored

using output-referred encodings, the reference medium should be ignored, and encoding 0 should

be considered to represent absolute black.

Likewise, in some cases converting from an output-referred encoding could cause a lightening of the
dark tones, if the code values are interpreted as representing colours above the encoding reference

medium black, as opposed to above absolute black.
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— When displaying images, operating systems and application software may apply black point
compensation, where the encoding black point is scaled to the display black point. This may be
desirable in some cases, even with digital archive images, to avoid clipping of tones darker than
the display black point. However, it should be noted that when black point compensation is applied,
the dark tones will be displayed somewhat lighter and with lower contrast than they appear on the
original. Applications with sophisticated colour management interfaces may offer the option to turn
black point compensation on or off. However, it should also be noted that many display profiles set
the display black point to 0, in which case turning black point compensation off will still not result
in correct rendition of the dark tones.

Hopefully in the future support for original- and scene-referred colour encodings will become more
widespreafl, avoiding most of these issues.

4.9 Reproduction scale

If a camera system with an area sensor is used the reproduction scale depends on the.focal length as
well as the|object distance. This may need to be adjusted in the final image.

5 Imaging system quality analysis procedure

To determ|ne the quality of an imaging system according to this document one or more test charts
as describg¢d in the Annexes A and C needs to be digitized with the/system that has been set up pnd
calibrated pccording to the aspects described in the previous paragraph.

The digital image is then analysed according to the individuakguality aspects mentioned in Claude 6.
For some df the measurement procedures (e.g. colour reproduction) reference data for the test chartis
required. There are commercially available software tools that can do the analysis, see Figure 1.

l—Adjustments

. . Image file
Multi-pattern Imaging
I t - Outpub
test chart nput== System N\ (copy of
test chart)
Reference Captured
values l values/pattern No
Image quality Image quality Start
specificiation analysis Result report Yes > digitisation
(aims/tolerances) software g

Figure 1 —Schematic representation of imaging systems quality analysis procedure

In order tg decide whether or not the quality of the system is sufficient for the intended applicatipn a
set of aims and tolerances is required. Annex B describes three tolerance levels A, B and C, which can
be used or combined into a customized list for aims and tolerances for a specific project or application.

6 Imaging systems quality characteristics and metrics

6.1 General

The following tables describe the image characteristics that should be used to analyse the quality of
a digital image. Each table provides a description of the image characteristic, references the related
standards used to measure the characteristic, states a summary of the measuring method, and a
specification of which technical patterns of the reference target should be used for the measurement.
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The tables also include aim values for optimal imaging systems quality. Annex B contains aims and
tolerances for producing accurate and acceptable digital reproductions.

The image characteristics are grouped according to the basic metric they relate to: Tones and Noise
(tone reproduction, gain modulation, dynamic range, noise, banding, defect pixels), Colour (white
balance, colour reproduction), Details (sampling rate, resolution, sharpening, acutance), and Geometry
(illumination non-uniformity, colour mis-registration, distortion, reproduction scale).

Even though this document details a specific multi-pattern chart, these values can also be measured
using the charts outlined in the different standards, e.g. in ISO 12233, or other charts that fulfil the

requirements described in the standards.

6.2| Tones and noise
Characteristic Tone reproduction
Deqcription The opto-electronic conversion function (OECF) describes the relationship betwelen the
input light levels and the corresponding digital output levels fortanopto-electronjc digital
image capture system. To produce an accurate reproduction it'is important that this curve is
shaped in a way that the Lightness (CIE L*) levels of the original are transferred into digital
values that represent the same L* values in the selected €alour encoding of the impge.
Relpted [SO 14524 (cameras)
stapdards ISO 21550 (scanners)
Megsurement Tone reproduction/response curve (TRC)
Measurement in L* values and tolerances for'L* differences between original and faptured
image
Reference target |Grey scale (spectrally neutral) in a test chart as defined in Annex A that is ideally fequally
spaced in L* values.
Ainp The smaller the deviation between the L* of the patches in the reference target arld the L*
values represented by the digital code values the more accurate the tone reproduftion. Cor-
rect tonal capture is expected from L* 95 to ~ L* 5
Nofes Also known as tonerésponse.
Characteristic Gain modulation
Deqcription The gain'is a measure for the slope of the OECF. The gain modulation describes the varia-
tioh.of the slope in an L* original versus L* output curve. If the gain changes signfificantly it
ean’happen that even with the tone reproduction being within tolerances the slgpe is too
flat to differentiate tonal values that are close to each other.
Relpted standards [ISO 21550
Mejsurenrent Calculation of the incremental gain from the tone reproduction curve (TRC) is dpne for

grey scale steps with a tonal difference of at least 10 L* values. For a grey scale W

ith an

increment between the patches of 5 L* values every other patch of the grey scalgwill be
Haaarad Tl ancitha golo o Slolorad £op oot ol 1 o d D D o d a4 D o dk S
compared—Thisreans-the-gatiriseatenlatedforpatehi=tand 3 2and43and> ..
* *
_ L imgi+2 — L imgi
9i = L* L*
orgi+2— " orgi

Reference target

spaced in L* values.

Grey scale (spectrally neutral) in a test chart as defined in Annex A that is ideally equally

Aim

g;is supposed to be 1 from L* 95 to » L* 5

Notes
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Characteristic Noise
Description Noise is unwanted variations in the response of an imaging system.
Itis introduced into the system by the camera originating from the sensor, the electronics,
or the image processing. Also referred to as visual noise.
Related standards|ISO 15739 (cameras)
[SO 21550 (scanners)
Measurement Noise is measured in uniform areas of an image and expressed as standard deviation of the

signal in these areas. [SO 15739 describes the method to determinate the RMS (Root Me4gn
Square) noise.

To describe the noise the RMS of the L* values are determined on the patches of the gray
scales.

Reference tlarget

The grey scale patches of the target defined in Annex A are usedtoe determine the noise gt
varying signal levels.

Aim The maximum noise level should be low enough so that noise\i5 not visible in the images.
Notes Signal to Noise Ratio (SNR), according to ISO 15739 and\ISO 21550, is not measured by tlis
document.
Charactdristic ISO scanner dynamic range
Description Dynamic range in this case describes thératio of the brightest patch in the original thatlis

not clipped and the darkest patch that'is above the noise (SNR of 1)

Related stajndards

[SO 21550, ISO 15739

Measuremgnt

d= dmax - dmin

The dynamic range is measured from a grey scale where d;,, is the density of the brightest
patch where the output'signal of the OECF appears to be unclipped and d,, ,, is the density
of the patch with a&ignal to noise ratio of 1 (see ISO 21550 for details).

Reference tfarget

Grey scale (spectrally neutral) in a test chart as defined in Annex A that is ideally equally
spaced in L*values with a contrast exceeding that of the image capture device.

Aim d shall be-as\large as possible but at least exceed the contrast range of typical objects that
are digitized with the image capture device.
Notes
Charactdristic Banding
Description Unwanted stripes or bands that occur in a digital image.

Often times these structures occur as a regular pattern in an image. The origin can be a
characteristic of the sensor, the power supply or other electronic influences on the image
capture. Mistakes in the image processing can also be a source for banding.

Related standards

unknown

Measurement

A quantization of banding is difficult but averaging the columns of multiple lines in a uni-
form area and displaying the digital values of the average line helps determining potential
bands. A frequency analysis performed on that line identifies regular structures by provid-
ing a peak at the frequency of the banding structure.

Reference target

To be measured on uniform grey, white, and black stripes in chart as defined in Annex A.

10
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Characteristic Banding

Aim The mean value for the columns of each of the stripes shall be in the range of expected
fixed pattern noise. Max and min values of the signal deviation for the averaged lines
should be defined. A max value for a single frequency peak should be defined.

Notes Vertical and horizontal but sometimes also diagonal.

Averaging several lines or columns perpendicular to measured direction.
Characteristic Defect ptilc

Deqcription Pixel or subpixel that operates in a way other than the one in which it is driven:
(see IS0 9241-302)

Relpted standards |I1SO 9241-302

Megsurement Due to the different characteristics of defect pixels the measurement heeds to b¢ per-
formed on a black image, a grey image, and a white image. For the black image tHe sensor
does not get exposed to light during the image capture. This ¢amrbe done by closing the lens
cap or for scanners by switching off the light. For the grey(and the white image the sensor
needs to uniformly be exposed to light so that the digitdloutput level reaches a yalue close
to the centre value of the digital output value range (ég."127 for an 8 bit image) for grey
and close to the maximum output level for white. A range around the typical noise values
needs to be defined for those pixels that are ok.and all other pixels outside the rgnge (outli-
ers) are then specified as defect.

Reference target |Uniform light source or target like an integrating sphere or a uniformly illuminated white
target.

Aimp Identification of single pixels or clusters that do not represent the original respefctively are
out of the expected value range. The Smaller the amount of these pixels the bettgr.

Nofles This may not be required for évéry imaging system's quality check because it is mostly
taken care of by the manufacturer of the capture device. Only if pixels occur thag show
problems this may be evaluated. Determining defect pixels is not part of the requiired
measurements for imaging systems quality analysis.

6.3| Colour

Characteristic White balance

Deqcription Adjustment of electronic still picture colour channel gains or image processing sd that radia-
tionwibh relative spectral power distribution equal to that of the scene illuminatipn source is
rehdered as visually neutral (see ISO 14524).
This ensures that neutral greys in the original are visually neutral in the image.

Relpted standaxds|ISO 14524

Megsurenient Calculated from tone reproduction/response curve (TRC) with values in L*a*b*.

The image needs to be converted from RGB to L*a*b* using the colour encoding de

scription of

the colour encoding the image is in (like SRGB, Adobe RGB, ...).

White balance is measured using CIE AE 2000 (CIE 015:2018) but without lightness information

(L*) to check chroma and hue differences but not luminance ones
DC DH DC

2 2 DH
AE ab2000= + +Rt e m—
Kc Sc Kh Sh KcSc | KhSh

Reference target

Grey scale patches in the target defined in Annex A.

Aim

The smaller the white balance the more accurate the reproduction. Tolerances to be defined

in AE,;.2000.

© IS0 2021 - All rights reserved
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Characteristic White balance

Notes The CIE L* a* b* approach has been selected over an RGB approach because CIE L* a* b* better
describes the visibility of colours.

NOTE: AE;, has been used instead of AC* (in the version of 2017) to check both chroma and
hue errors in case the grey scale patches are not perfectly neutral.

Characteristic Colour reproduction

Description The difference hetween selected physically measnred input colours and theirintended output
rendering for a given colour space.

This expresses how well an imaging system captures and encodes colours. In digital camgras
colours are captured and encoded as combinations of Red (R), Green (G) and Blue’ (B). The
colour encoding selected describes how these RGB values are related to CIELab values.

Since none of the cameras or scanning systems matches the colour matchingfunctions of|the
human visual system, the colour reproduction can strictly speaking @nly be optimal for a
specific set of colours for which the system has been calibrated (profiled).

Currently there are only two sets of commonly used colours to profile scanners and camefas.
Oneisthe IT8 Targetaccording to ISO 12641-1 and the other ong istthe ColourChecker SG (Spmi
Gloss surface) target. However there are other targets that dre available and may be usefd.

After profiling the system by using these targets the targets are scanned again and the colour
difference is measured using CIE AE 2000 (CIE 015:20%8) approach with SL=1 (AE 2000 §L1)
which gives equal weight to the entire grey scale. The mean and max AE 2000 values fof all
patches shall be determined.

Related stajndards [ISO/CIE 11664-4, ISO/CIE 11664-6,
Measuremgnt CIELAB colour difference measure (AE) aceording ISO/CIE 11664-4 specifications.

Reference ffarget |Colour patches of Target defined in Anihéx A.

Aim The smaller the colour differences'AE (L*a*b) the more accurate the colour reproduction.

Notes This measurement only providées useful information if the system has been calibrated and
profiled correctly for colour réproduction. It does not provide a colour reproduction quallity
estimation for other than the chart colours and may show inaccurate colour reproducfion
for certain types of originals.

For monitoring the system with a test chart other than the above-mentioned profiling chgrts
areference scan can be made using the chart described in Annex A right after the verificatjon.
Each monitoring scan can then be compared to the reference scan.

Characteristic Colour misregistration

Description Colour-to-colour spatial dislocation of otherwise spatially coincident colour features of an
imaged object.

Related sta|ndards ISO 12233 (resolution measurement)

ISO 19084 (chromatic displacement)
Measurement Determination of edge location on a per channel basis for all slanted edges over the imaging field.

Reference target |Slanted edges in the test chart defined in Annex A.

Aim Geometric distance between the edge location in the different colour channels shall be as
small as possible.

Notes If a dislocation of the edges in different colour channels is uniform over the field a standard
colour mis-registration is present. If it varies over the field e.g. from centre to corners a chro-
matic aberration is present. For aline scanner it may be visible in just one direction. For a line
scanning system there may also be a dislocation that comes and goes due do inconsistent motion.
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Characteristic

Sampling rate (obtained)

Description

Sampling rate in pixels per unit of space determined from imaging a test chart with known
geometric structures.

Related standards

Measurement

Determine the number of pixels for a block with a given geometric size in the image of a test
chart and convert to number of pixels per inch.

Reference target

Checkerboard structure on Target defined in Annex A.

Ao |

The obtained sampling rate should be as CloSe as possIDIe to the claimed sampling rate pro-
vided in the metadata of the image file.

Nofes

Also known as sampling frequency.
Sampling rate should not be confused with limiting resolution.

The sampling rate of a digital reproduction can be used to calculate the size of 4
record if stored in an uncompressed format.

he physical

The sampling rate limits the maximum possible resolutionrof an imaging system
to the Nyquist theorem, itis necessary to have atleast twg.detecting points (pixel
of a harmonic signal to be able to reproduce the signal. it other words, to scan 4
white test structure, you should have at least one pixel for the white part and o

. According
5) on a cycle
black-and-
ne pixel for

the black part to be able to reproduce the structiire.

Characteristic

Resolutiaon, (limiting resolution)

Deqcription

Measure of the ability of a camera system, or a component of a camera system, tq
ture detail (see ISO 12233).

depict pic-

Relpted standards

IS0 12233, IS0 16067-1

Messurement

Analysis of the edge spread-function in a slanted edge target. Use the sampling f
10 % modulation threshold for limiting resolution.

equency at

Refference target

The slanted edge striictures in the target defined in Annex A are designed for §
frequency response) measurements.

FR (spatial

Ainp

Reaching a freguency as high as possible but not higher than Nyquist (to avoid gliasing) for
the 10 %/medulation threshold (limiting resolution). Depending on the sampling rate the
maximuntrresolution that can be reached varies. The resolution should be constgnt over the
fieldefimaging and the difference in different directions (horizontal and vertical fjespectively
slew scan and fast scan direction) should be as small as possible.

Nofes

Also known as true optical resolution.

Note that resolution measurements based on slanted edge analysis requires ung
and unsharpened data.

ompressed

The ratio between the limiting resolution and the theoretical Nyquist limit is based on the

obtained sampling rate.

Characteristic

Sharpening

Description

Amplification of the spatial frequency response by means of image processing to achieve
sharper appearing images. Also, a class of image processing operations that enhances the
contrast of selective spatial frequencies, usually visually important ones.

Related standards

IS0 12233, IS0 16067-1

Measurement

Analysis of the edge spread function in a slanted edge target. For an image without sharpening
the SFR should at no frequency significantly exceed the value of 1.

Reference target

The slanted edge structures in the Target defined in Clause 6 are designed for SFR (spatial

frequency response) measurements.
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Characteristic Sharpening

Aim The SFR should not significantly exceed the value of 1.

Notes

Characteristic MTF 50 (limiting resolution)

Description Measure of frequency based on the SFR measurement where a 50 % contrastlevel is reached

(see ISO 12233). This is an indicator for the sharpness of an image.

I1CO 1923273290 1CA 107 1

Related stapdards

IOV 14409, 10U 1UUU//L

Measuremé¢nt

Analysis of the edge spread function in a slanted edge target. Use the sampling frequenc
50 % modulation threshold as a sharpness indicator.

y at

Reference tlarget

The slanted edge structures in the target defined in Annex A are designed for"SFR (spatial
frequency response) measurements.

Aim Reaching a frequency as high as possible but not higher than Nyquist (t6 avoid aliasing)| for
the 50 % modulation threshold.

Notes

Characteristic Acutance

Description The visual perception of sharpness that describes the quality of being crisp or of contairling
detail.

Related stapdards

Measuremgnt The acutance measure is the SFR weighted with the contrast sensitivity function (CSF) of|the

human eye for a given viewing conditions.
The used viewing condition in this specification shall be the 100 % viewing (e.g. on a computer
monitor) with a 100 ppi pixel pitchcwiewed from 0,5 m distance.

Acutance = i
A

.
where

A= J.SFRL (v) %ESF(v)dv

0
The l_arit gidi% structures in the target defined in Annex A are designed for SFR (spatial
freﬁ_ )§ e E Vse) measurements.

Reference tlarget
e
Aim The'acutance shall be as close as possible to the max value of 1.
Notes The CSF shall be calculated and applied as described in ISO 15739 with the viewing condifion
being a 100 % viewing on a monitor with 100 ppi viewed from a 0,5 m distance.
6.5 Geometry
Characteristic Illumination non-uniformity
Description The illuminance non-uniformity consists of two components: it depends on how evenly the scene

to be captured isilluminated, and on the degree of shading introduced by the imaging system.

Related standards

ISO 17957 (shading measurement)

Measurement

Capture of a uniform white original and analyse for lightness non-uniformity according to
ISO 17957 and determine the L* value at atleast 1 200 points equally spread over the field of
view and report the AL* between the max and the min L* value.

Reference target

Uniform white paper or derived from checkerboard pattern in the target defined in Annex A
on which only the patches with the same reflectance (e.g. white patches) are analysed.

Aim

The illuminance should be as uniform as possible.

14
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Characteristic Illumination non-uniformity

Notes Make sure no partin the image is clipped. Surrounding light should be avoided to notinfluence
the measurement.

Characteristic Chrominance non-uniformity

Description Depending on the type of device, the infrared cut-off filter, sensor geometry and angle of inci-

dence there can be a colour shift in the image that gets extremely visible in case of a uniform

white or grey original.

Relpted standards

ISO 17957 (shading measurement)

Megasurement

Capture of a uniform white original and analyse for colour shading according’td
and determine the chrominance deviation from the average for each block-at at
points equally spread over the field of view. Report the maximum value-of the c}
deviation as the chrominance non-uniformity D¢.

ISO 17957
least 1 200
rominance

Reference target

Uniform white paper or derived from checkerboard pattern in the target defined
on which only the patches with the same reflectance (e.g. whitepatches) are ang

in Annex A
lysed.

Aimp The chrominance non-uniformity should be as small as possible.

Nofles Make sure no part in the image is clipped. Surrounding light should be avoided fo not influ-
ence the measurement.

Characteristic Distortion

Deqcription Displacement from the ideal shape of-dsubject (lying on a plane parallel to the ithage plane)

in the recorded image. The distortion'measured can originate from three differg
lens geometric distortion, scannefmotion distortion, image processing distortig

nt aspects:
n.

Relpted standards

ISO 17850

Mefsurement

For a regular grid of dots;‘crosses or line intersections the locations are evaluat
pixel accuracy basis. These locations are compared to a regular grid generatg
central area of the ithage.

ed on a sub
d from the

Refference target

The chart can bea dedicated dot or cross chart or the chart as specified in Anne

KA.

Ainmp The distortien:shall be as small as possible.

Notfles Distortion €an usually be characterized and compensated. Evaluation may bd done with
activated-compensation if system allows for such compensation.

Chajracteristic Reproduction scale

Deqcription Describes how far a given geometric distance in the original is represented in the image

Relpted standards

Measurement

Is reflected in the claimed versus obtained sampling rate.

Reference target

Derived from checkerboard pattern in the target defined in Annex A.

Aim

Should be as close as possible to the original. Tolerances are project dependent.

Notes

The reproduction scale relates to dimensional accuracy.

7 Reporting results

7.1 General

Together with the list of results the following information shall be reported:

Camera/scanner manufacturer, model and serial number

© IS0 2021 - All rights reserved
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— Lens manufacturer, model and serial number (if applicable)
— Lighting (if applicable)

— Date, Time, Location of the measurement

— Used image processing software (name and version)

— Camera settings that impact the imaging quality

— Including aperture, shutter speed, ISO (sensitivity/speed)

— Important image data

— Includ]ng image width and image height, claimed sampling rate, bits per sample (bit depth)), colour
encoding, colour profile

7.2 Example report for tone reproduction results

Based on the tolerance range for the individual application, the L* values extracted from the image of
the test chprt shall be reported against the L* values of the original. In case®he results are presented
as a table the differences between the original and the image shall be stated'in a third column and|the
minimum and maximum differences at the bottom of the table show if the values are within or oyt of
the tolerarfces. Another option for using the max and min values is¢the coloured indication of vajues
that are oult of the defined tolerances, see Table 1.

Table 1{— Max and min values need to be in the given range based on the tolerances for the
specific application
Cameray/
Original L* AL*
Scanner L*

95 96 -1
90 88 2
85 85 0
80 79 1
75 75 0
70 69 1
65 66 -1
60 59 1
55 54 1
50 50 0
45 44 1
40 39 1
35 35 0
30 29 1
25 23 2
20 19 1
15 14 1
10 9 1
5 6 -1
max 2

min -1
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In case of the presentation in a graph the tolerances shall clearly be indicated by separate lines or

marking the area of values within tolerance.

Tone reproduction

Y

100

Key
tonal values original [L*]
tonal values reproduction [L*]
camera/scanner L*

lower tolerance

w N R =< X

upper tolerance

Figure 2= Graphical representation for the tone reproduction

60 70 80 90 100

7.3| Gain modulation
Tabte 2 with the-results for gain modulation shall contain either the pair of the patches foif which the
gain moduldtion was calculated or the average L* value of the two compared patches in the first column
and| the caleulated gain modulation in the second column.

Table 2 — Gainmodulation

(max and min values need to be in the specified tolerance level)
Patch Gain modulation

1/3 1,1

2/4 1

3/5 1

4/6 09

5/7 1

6/8 1,2

7/9 0,9
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Table 2 (continued)

Patch Gain modulation
8/10 1
9/11 1,1
10/12 0,9
11/13 1
12/14 1,2
13/15 1
14/16 0,9
15/17 1
16/18 0,8
17/19 0,9
max 1,2
min 0,8

In case of g graphical presentation the indication of the upper and lower tolerance level is helpful.

Gain modulation

Y

1,4

N VoV N\/

0,6

2

0,4

0,2

0 I I I I I I I I I I I I I I I I I

N r),\<° W ¢,<\ PN %\'» o)\x Q\\, \'\'\/%\'\/ %\» b‘\x {o\» b\x (\\x

Key

grayscale patch
gain

gain modulation
upper tolerance

w N Rk =< X

lower tolerance

Figure 3 — Graphical representation of gain modulation
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7.4 Dynamic range

Dynamic range is reported as a single value in densities like 3,00 densities.

Alternatively the dynamic range can be expressed in:

— acontrast range like e.g. 1 000:1 (102:1),

— an fstop range like 10 fstops (D/0,3010),

— or adB value (20*D).

7.5

The
pat

Noise

Ches.

noise value is reported as RMS noise according to ISO 15739 over the L* value of the indi

Table 3 — RMS noise value in table form
(the max value should be below the specified tolerancelevel)

yidual grey

Original L* RMS noise
95 0,00
90 0,40
85 0,54
80 0,85
75 1,21
70 1,70
65 2,04
60 1,81
55 1,33
50 1,24
45 1,16
40 1,10
35 0,97
30 0,93
25 0,80
20 0,70
15 0,58
10 0,30

5 0,00
max 2,04
mean 0,93
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Noise
Y
2,5
2 /A\
1,5 / \
1
0,5
0 ¢ T T T T T T T —®
0 10 20 30 40 50 60 70 80 90 100 X
Key
X L*
Y RMSnqise
Figure 4 — Graphical presentation of RMS noise over the L* value of the grey scale
7.6 Banfling
For Banding the graphical representation can be the digital values over pixels.
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Banding

250

200

|50

100

50

Key
X |pixel
Y |digital value

Figure 5—Digital values over pixels
(Regular peaks in this structure indicate the presence of banding in images)
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35

Banding (frequency plot)

30

25

20

15

10

Key
X  frequer

Figure 6

7.7 Def¢

For the ev
the intenti
reported.

7.8 Whi

0,05 01 0,15 0,2 0,25 0,3 0,35 0,4 0,45 05 X

cy (cycles per pixel)

— Frequency peak in the Fourier transform of the pixel values representation (one
multiple peaks indicdte the presence of banding)

ct pixels

hluated area the number)of pixels outside of the expected range are reported. In cas

or

b of

bn to correct them, a pixel map/table with the x, y coordinates of the defect pixels can be

te balance

Table 4 — White balance over the L* values
(the tolerance level is specified for the max AE ;)

22

OriginalA—————White-balanee AL
95 0,14
90 0,22
85 0,18
80 0,15
75 0,22
70 0,35
65 0,3
60 0,7
55 0,9
50 1,1
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Table 4 (continued)
Original L* White balance AE
45 0,8
40 1
35 1,3
30 0,4
25 0,7
20 2,1
15 2,7
10 2,9
5 2,8
White balance

Y

3,5

3

R
.

| Vo AL~

V 7

0 ‘
0 10 20 30 40 50 60 70 80 90 00 X
Key]
X |L*
Y AE,, 2000

Figure 7 — Graphical representation of the white balance over the L* value with the upper and
lower tolerance levels

7.9 Colour reproduction

For the colour reproduction the AE 2000 values should be reported in form of a table for each individual
patch together with the result for the mean and the max value for all patches.

It is sufficient to report the mean and the max value only, see Table 4.
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Table 4 — Colour reproduction values

AE AE
Colour checker SG mean max
results 2,34 5,2

7.10 Colour mis-registration

For the maximum of the edge shift between the R/G and B/G channels for all edge positions shall be
reported as a single number.

7.11 Samlpling rate

The claimg

7.12 Reso¢lution

The ratio b
farthest pa

7.13 MTH

The ratio d
the 10 % nj

7.14 Shai

The sharpq
response ¢

7.15 Acut

The acutay
where the

7.16 Lightness non-unifofmity

The lightng
AL* betwe

7.17 Chr¢minance non-uniformity

The chrom

d and obtained sampling rates shall be reported as single numbers.

sition from the centre being at least 65/100 from the centre of the'field of view.

50/MTF 10

f the frequency where the 50 % modulation threshold\is reached and the frequency wk
odulation threshold is reached gets reported.

pening

bning shall be the max determined contrast value of all of the measured spatial freque
urves.

ance

ice value shall be measured-according to the table in 6.4 and be reported for all posit
SFR /resolution is measured and the minimum value shall be marked.

ss shall be reported for the at least 1 200 points equally spread over the field of view and
bn the maxatid the min L* value shall be reported as a single number.

etween the limiting resolution at 10 % modulation and the obtained~sampling rate shall be
reported for at least 9 positions over the field of view. One of the positions b€ihg in the centre and

the

jere

ncy

ons

the

imance deviation from the mean shall be determined for the at least 1 200 points equ

ally

spread ove

r the field of view and the maximum value shall be reported as colour non-uniformity.

7.18 Distortion

The max distortion level for the entire field of view shall be reported as a single number.

7.19 Reproduction scale

In case the reproduction scale differs from 1 the scale shall be reported as a ratio between the size in
the digital file and the size in the original e.g. like 2:1 in case the digital file includes a magnification of

2.

24
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Annex A
(normative)

Test chart requirements

The test chart shall be designed to evaluate the imaging systems quality of scanners and other digital

H davicacncad ta craqta digital iiaaagac of Annnmanfc nhaotac and athar raflactiva maadia
¥ ¥ v

inp
med
are

For
or g

The

inch (dpi). In case a manufacturer creates a chart with a resolution higher than 600 dpi, i

ind

Pro
of a
at 4
sha
bet

Eac
Thd
Sys
oft

All

e CrC vy TCC oo T o to—Cr Cott O STt it 5 o o o to e T PO toOS Tt ottt T T o re Tty oo™

isurements and regular checks of the target ensure that the results obtained from the me3
reliable.

flatbed or reprographic scanners it should be mounted on a solid backing material like
ther suitable material.

standard chart defined in this document is designed for a maximum sampling rate of 6

cated on the chart.

blems with the illumination systems of test devices shall be ayoided by using a material th
non structured surface. For the target in combination with<he production process a nj

] have a white substrate with a L* value of 94 * 2, an a* value between -1,0 and 1,0, and
wveen —4,0 < b* < 0.

h feature of the test target can have one or multiple functions.

target shall be suited for visual and automatic evaluation that covers all the basic aspects
ems quality and at the same time is scalable. Depending on the field of view of the system
he originals that are intended to be scahned respectively, the target needs to be varied in

structures designed to be neutral grey at different brightness levels should have

Individual
surements

aluminium

0 dots per
should be

at consists
ax density

minimum of 2,3. Therefore the target will usually be produced on glossy material. The material

a b* value

of imaging
or the size
size.

a spectral

reflectance as uniform as possible over the visual spectrum. The patches shall appear uniform under

typ
pat

Thd

cal halogen, tungsten, and.fluorescent lighting. The measured a* and b* values for
ches (D50, 2° observer) shall not exceed the +4 range.

chart shall consist of the following structures:
The size shall bé-that of the largest original that is intended to be scanned with the systg

It shall contain at least one gray scale in horizontal and one in vertical position. The L* va
be between 5 and 95 and shall be between 10 and 90. A minimum of 15 steps is requirg
should-be’equally spaced over the L* value range.

At least 9 slanted edges fulflllmg the requirement of the ISO 16067-1 resolution s

all neutral

PIM.

ues should
d and they

fandard in

fuavac o icial pac ol S ol oo adoa nac

+¥—¢lose to the

©IS

centre and the other edges spread as a regular grid over the imaging field with the farthe
from the centre being at least 65 % of the imaging field (diagonal).

Shalination a1 Pox 2R Ona iona 1o
COUTITOTITOCIOTT VvV ICIT St aCtuUr ©5 TUT viSudrl T cSUTO oI attaty 515y o o cu gt posSTaoTIC 1T O ©

st distance

All edges shall be on the same target to ensure the same focus position for all evaluations.

A regular grid (crosses, checkerboard etc.) shall surround all other structures to enable distortion

and [llumination measurement.

A black white and grey line shall cover the width and length of the entire chart to enable banding

and defect pixel analysis for scanners.
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— Colour reproduction is determined on a colour checker SG which does not fit on the chart in addition
to the other structures. But the chart may contain colours (e.g. a subset of the colour checker SG)
that can be used for monitoring the colour reproduction.
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Guidelines for imaging performance aims and tolerances

Depending on the application each quality aspect may be of different importance, e.g. if a book is

scapped—te qnnly an OCR to 3t and maleg it inducihla and coarchabhla tha caloyy Ansyra oy

s of minor

TTIICT—co—T PPt

oI oot o T o o st e rireror crorc-orrror ot o r crroore—trre—corouroccaro T

importance and a high tolerance can be accepted. Therefore this document creates three quality levels
for leach of the characteristics. Users may combine the different quality levels they fequife for each
chafacteristic to a full set of specifications.

For|a manufacturer to advertise a level A compliant device according to this dociwment the device shall
be yithin all aim and tolerances stated for level A devices.

Level A

Level B

Level|C

Torle reproduction

(of gray scale next to image
cenftre)

AL* < %2

AL¥ < +3

AL* < 14

Gaip Modulation highlights
Patfches (L*between 95 and
851) (of gray scale next to
imdge centre)

Gain between 0,8 and 1,1

Gain between 0,7 and 1,2

Gain between 0,6 and 1,3

Gain Modulation all other
Patfches

(of gray scale next to image
cenftre)

Gain between 0,7 and 1,3

Gain between 0,6 and 1,4

Gain between §,3 and 1,6

Noilse (RMS noise)

Dynamicrange (of gray scale
next to image centre)

22,1

Barlding

Based on visual inspec-
tion, no banding

Based on visual inspec-
tion, no banding

Based on visupl inspec-
tion, slight handing

Deflect pixels (flat field illu=
mination required)

No defects measurable

Less than 0,1 per million

Less than 1 p¢r million

bethazetn claimed and ob-

Whiite balance (over field) AE ¥ <3 AE,,*<4 AE,,*£5
Colpur reproduetion Max AE* is recommended | Max AE* is recommended | Max AE™* is recommended
tobe <10 tobe < #15 tobe < $15
Mean AE* < +4 Mean AE* < 5 Mean AE} < £5
Sarhpling rate (Difference 2% <3% <49

tained)

Resolution measured as fre-
quency where 10 % Modu-
lation is reached (MTF10)
according to ISO 16067-1 at
each location in the image
and in both directions hori-
zontal / vertical

285 % of claimed
Sampling rate

280 % of claimed
Sampling rate

270 % of claimed
Sampling rate

Sharpening

Max SFR contrast
value <1,05

Max SFR contrast
value <1,1

Max SFR contrast
value <1,2

© IS0 2021 - All rights reserved
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Level A

Level B

Level C

Tone reproduction

(of gray scale next to image
centre)

AL¥ < £2

AL*¥ < #3

AL* < +4

MTF 50 >0,5 x the minimum >0,45 x the minimum >0,45 x the minimum

frequency required for frequency required for frequency required for
MTF10 MTF10 MTF10

[llumination non-uniformity AL*¥*<3 AL*¥*<3 AL*<3

for A3 and smaller

[lluminatioffmon-unitormity JAY SR AL <5 JAY SRS

for > A3 anfl < A2

[llumination non-uniformity AL*<5 AL*<6 AL*<6

for > A2 anfl < AO

Colour mis{registration <0,4 pixel <0,7 pixel < Dpixel

Distortion <1,5% 2% <5%
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Annex C
(informative)

Example of multi-pattern chart: Universal Test Target (U

Overvielar
e eW

TT)

UTT test chart is designed to evaluate the imaging systems quality of scanners and-of
it devices used to create digital images of documents, photos and other reflective' media
isurements and regular checks of the target ensure that the results obtained from'the meg
reliable.

target can be produced by any person or institution as long as the technical specs are me
vailable as single sheet that can be used even for pull through scanners. For flatbed or re
\ners it may be mounted on a solid backing material like aluminiufm-or other suitable ma

blems with the illumination systems of test devices shall be ayvoided by using a material th
non structured surface. For this target a max density at a minimum of 2,3 and a sufficien
ur space to produce colour patches are required. Therefore the target will usually be p

and 1,0 and a b* value between -4,0 < b* < 0.

Chart features

h feature of the test target has one or multiple functions and of course there is no such
fect target. There are always compromises in one feature for the benefit of another.

with the UTT test chart we hope to provide a target based on the experience of a grou

wh¢ have used scanners and digital cameras for years.

Thd
tha
we

All

refl
con
The
med

idea behind the UTT test chart was to have a universal target for visual and automatic
covers all the basic aspetts of imaging systems quality and at the same time is scalable

structures designed to be neutral grey at different brightness levels should have
pctance as uniform as possible over the visual spectrum. In order to drop the cost of t
promise forspectral non uniformity needs to be made but kept in mind for the producti
patche$, shall appear uniform under typical halogen, tungsten, and fluorescent lig
isured. a* and b* values for all patches (D50, 2° observer) shall not exceed the +4 range.

have implemented a Variety of features that will be explained in the following subclausey.

her digital
Individual
surements

t. It should
prographic
Lerial.

at consists
F size of the
roduced on

sy material. The material shall have a white substrate:with a L* value of 94 + 2, an a* valjie between

thing as a

b of people

evaluation
Therefore

a spectral
he target a
hn process.
hting. The

C3

Scalability

Designed as a 420 mm x 300 mm (approximately A3) chart the target can repeatedly be put together to
sizes up to AO or even bigger. The Grey bars and scales are designed in a way that they go through the
whole width and length of the target and the slanted edges are spread at equal distances of 140 mm. see

Figures C.1 to C.4.
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Figure C.3 — A1 combination
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Figure C.4 — 8 targets comb1$d into one AO chart
A
xO
C.4 Tolerances c\)j:

\)
If not otheitwise stated the geometric toler@}es are a max of 1 per million of the absolute values. This is
especially yalid for the scale and the ch kerboard.

For everything that needs to be m d on top of the target - like the resolution boxes - the mounting
should be Within 1 mm from t igned position.

AL* and AFE* values shall %\%easured according to ISO/CIE 11664-4 for D50 and the 2° standard
observer. Q

AE} ={ / L +L§Q?\7” (af +aref +(b; +bref) (o)
AL = @+ Lo )2 (£.2)

For grey patches the overall mean AL* should be <2 and the max AL* should be <3.

The mean AE* (including the colour aspect) for the grey patches should be <2,5 and the max AE* should
be <4,5.

Within a single colour patch the AL* value should be <0,5.

For the colour patches the Delta values are defined as in the following Table C.1.
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Table C.1 — Delta values

Tolerances AE Mean Max
A1:C4,D6:F9 <5 <7
A5:C6, D4:F5 <4 <5
A7:C9,D1:F3 <2 <4

C.5

Al
The
arr
all

C.6

Surrounding black line

Inm thick line surrounds the target with the centre of the line being a rectangle of 420'mm

line is needed to combine single targets into larger arrangements of A2 to A0 and to cu
ingements into smaller targets without destruction of any important featuresvThe line li
ther structures described.

Background checkerboard

A checkerboard structure forms the background of the target. ThHe patch size is 10 mm x

staj
a LA
uni

C.7

Thn
5 nj
orid
The
uni
etc.

ts with a white patch at the left lower corner of the target. The darker patches are neutra
value of 50. Each patch is surrounded by a 0,38 (1 pt) black’line. The checkerboard can
formity analysis, white balance checking, and distortioh.and deviation analysis.

Figure C.5 — Example of checkerboard

Grey scale pattern

ee horizontal grey bars (substrate white, max black, and L* 50) are located at the top o
m from the“border crossing the whole target. A replication of the same 3 bars is als
nted onhé¢ left side of the target 5 mm from the border crossing the whole height of
se bars-are designed for a variety of different purposes. They can be used for white
formity checks for scanners, noise analysis, stripes and dead pixel analysis, dark currel
The vertical bar lies on top of the horizontal one.

x 300 mm.
[ the larger
s on top of

|0 mm and
| grey with
be used for

[ the target
p vertically
the target.
balancing,
1t analysis,

Figure C.6 — Example of grey bars

C.8 Scales

There are two scales, a horizontal and a vertical one with a white background located next to the inside
of the colour bars and lying behind the colour bars and on top of the checkerboard. There is one centre
line for each scale with a millimetre and an inch scale next to it. On outside of the centre line is the

© IS0 2021 - All rights reserved
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millimetre and on the inside is the inch scale. The exact location and dimensions off the scale can be
found in the Excel spec sheet. The millimetre scale starts at the left side of the horizontal scale and at
the bottom of the vertical one. The inch scale starts at the right side of the chart and at the top. The
white background of the scales is located behind the two scales so that the crossing of both scales at
30 mm/30 mm is visible.

40 50 60 70 80 S0

P P P I I

15 14 13

F‘ignrp C7 — Fvamplp of scale

The scales|are used to check deviation especially but not exclusively for pull through scanners and

artefacts that affect the lines of a scale.

C.9 Grey scales

der
mm
ove
And

There are 4 grey scales, two horizontal ones and two vertical ones located half way between the bot
and the centre of the target. That means the vertical ones are vertically centred and located 105
left and right of the centre and the horizontal ones are horizontally centred;and located 62,5 mm alj
and below fthe centre. The vertical version of the scale is 15 mm wide atid each patch is 7 mm high.

the horizo

Each grey

last patch 1
given in C.
upper hori
the Excel s
the scale ir

The grey l¢

tal version is 90° tilted.

Gcale consists of 20 patches starting at L* of 5 with 5°L* value increments (5 to 95) and
epresenting the max black of the target at a density, level of app. 2,3 or above. Tolerances
. The left vertical scale stats with L* 95 at the bettem, the right one with L* 95 at the top.
zontal scale has L* 95 on the right and the loweér on the left side. Exact locations are give
pec sheet. Patch numbers start at L* 95 withid. The numbers shall be printed on the insid
8 pt Verdana and orange colour.

bvels shall be produced as gray tones;without using a screening technology that may aff

the noise measurement. In case a screenipg-téchnology cannot be avoided the actual dot size n€

to be 10 ti
cannot be
also be me

met, noise and signal to noise\ration cannot be measured. In this case the tonal values s
hsured as an average value of a size big enough to cover at least 64 printing dots.

Figure C.8 — Example of grey scale

the
are
The
h in
e of

fect
eds

mes smaller than the size per pixel expected be the camera or scanner. If this requirenpent

hall

C.10 Cold

yur’ patches

The colour patches are a similar to a subset of the x-rite colour checker SG. But with the production cost
in mind the colour have been slightly modified. The first 18 colours are similar to the original colour
checker and the last 9 colours are the highlight patches of columns D and K of the colour checker SG. In
order to perform a detailed colour check the original x-rite colour checker SG or an IT8 target shall be
used.

The colour patches with a size of 10 mm x 10 mm for each patch are aligned in 3 columns an 9 rows
with the central patch B5 located at 150 mm/150 mm from the left bottom of the target are shown in
Figure C.9. A copy of the set is rotated 180° and placed at the same distance from the target centre on its
right side (E5 270/150). The exact locations can be found in the Excel spec sheet and tolerances for the
colours are given in C.3. The targeted L*, a*, b* values can be found in Table C.2.
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Figure C.9 — Example of colo@atches
<
Table C.2 — Targetedo B\’Q\;‘, b* values
Colour patches ‘%\' a* b*
Al JoN1s 24 -61
A2 S\ s2 3 90
A3 < 61 38 74
A4 O 21 35 -32
] 32 24 32
<\ A6 45 -32 38
~O a7 85 -2 -9
OY A8 86 13 7
\% A9 90 17
Q% B1 53 -45 38
& B2 49 56 ~14
Qv B3 35 12 -53
@ B4 72 -25 65
%& B5 64 20 19
bo 25 o =4/
B7 85 13 0
B8 85 11 26
B9 85 4 -6
c1 46 64 34
c2 48 -34 -31
c3 48 54 21
C4 71 19 80
C5 47 -5 -25
Ccé6 69 -35 -1
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Table C.2 (continued)

Colour patches L* a* b*
C7 86 -19 -1
C8 87 10 18
C9 85 -14 -9

The numbers shall be printed as shown on the bottom and the inside of the scale in 8 pt Verdana and
orange colour.

C.11 Slan

The slante
determine
resolution

shall be rgtated by 90° clockwise. Each slanted edge structure is arranged on an~imagined 140

grid from
of 25 mm
and a grey,
substrate
corners an
automatic

ted edges

l edge structures are designed for SFR (spatial frequency response) measurements use
sharpness and resolution of the imaging system. They shall be combined with the vi
ones into a box of 50 mm x 25 mm. The box located on the imagined centred.lorizontal

the target centre. The slanted edge is located on the left side of the box with a rectat

25 mm and a grey level of L* 63. Centred within that box is anothér)box of 15 cm x 15
level of L* 34 that is rotated by 5°. On the right side of the outer<box there shall be anof
white box of 25 mm x 25 mm that contains the visual structures described in 4.8. In
 the upper and lower centre of the 50 mm x 25 mm box theré shall be crosses needed for
etection. These crosses consist of 3 mm black lines with.0,38 mm thickness.

&8
o (&
t:f‘ @Q’

-

Figure C.10 — Example of slanted edges

1 to
bual
line
mm
ngle
cm
her
the
the

The exact dimensions and locations canybe-found in the Excel spec sheet.

The manufacturer shall be responsible for the sharpness of the slanted edge. The edge shall] be
sufficient (pnd not be the bottle-neck) to measure scanner resolutions of up to 600 pixels/in (~ 12|LP/
mm) accorfling to ISO 16067.

C.12 Visyal resolution structures

The visual|resolution’ structures shall be the ones specified in DIN 19051-2 target starting at 2,8(LP/
mm up to 18 LP/mm. They shall be centred in the white box and rotated 45° clockwise (see image urjder
4.7).

The manufacturer shall be responsible for an appropriate resolution up to 18 LP/mm.

C.13 Additional chart border

Those who want to perform an additional more detailed colour check can mount an IT8 target inside of
the additional chart border in centre of the ISO 19264 test chart. By doing that the centre SFR structure,
the colour patches of the ISO 19264 test chart, and the background checkerboard will be covered and
cannot be used.

The additional chart border is a transparent rectangle 150 mm x 100 mm with a 0,76 mm black contour
line.
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C.14 Labelling patch (for sponsor logo, provider information etc.)

The labelling patch is a substrate white rectangle with a size of 70 mm x 25 mm and a contour line of
0,38 mm with its centre located at 210 mm/187,5 mm from the bottom left of the target.

In the patch there shall be the name “ISO 19264 test chart” printed in black letters of Verdana Bold
494 mm (14 point) centred at 210 mm/195 mm from the bottom left of the target.

The area below the name can be used for custom logos and descriptions.

C.1/5 Sertatization

Each target shall have a serial number provided by the manufacturer, the target type,‘an|expiration
dat¢ depending on the production process but no longer than 3 years from the production date and
the|manufacturer mentioned. Manufacturer meaning not the one who provides the target but the
insflitution or person who printed it.

Target types: xxx

The statement shall be printed vertical from bottom to top on the rightedge of the target in black letters
of Verdana 3.53 mm (10 point) and having the following format: “Serial No. 000001, Typet standard,
expires YYYY/MM, manufactured by XXX".

No logos or coloured structures shall be used in this place.

QR fode for target serialization can be put in the labelling patch area or in the space for optional test
patfern.

C.1/6 Space for optional test pattern

Optjional test pattern shall not be higher‘than 25 mm and not be wider than 250 mm anpd shall be
horjzontally and vertically centred between the bottom and the lower slanted edge boxes.

For|internal use every company may-use this area for whatever it is needed. If a specific version of the
[SO|19264 test chart with optional patches becomes publicly available the manufacturer orf integrator
shopld put the specs with tolérances of these on the ISO 19264 test chart website (send to wgbmaster).
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C.17 Representation of the target

Figure C.11 — Representation of the ISO 19264 t&@ﬁlart designed according to this documeént
xO
C.18 Chart definition of the ISO 19 Qﬁztest chart

If not mentioned x and y coordinates d§§‘cribe the lower left corner of the structure and all geomdtric
values are given in millimetres.

Lower left forner of the docume@@deﬁned as 0,0 mm.

o

Document height CJ\ 420
Document width ?g‘ 300
Surrounding bl ne

The chart is %:mded by a black line with 1Tmm thickness with the centre of the line being the bofder
of the chark_Line is on top of all structures

Gray bars D¢ y Width | Height Aimed L* value
horizontal black 0 290 420 5 max black
horizontal white 0 285 420 5 substrate white

horizontal gray 0 280 420 5 50
vertical black 5 0 5 300
vertical white 10 0 5 300
vertical gray 15 0 5 300
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Background Checker-| y Width Height Aimed L* value
board
first white patch 0 0 10 10 substrate white
first grey patch 10 0 10 10 50
continued as checker- Each patch is surrounded by a black line of 0,38 mm thickness with the line
board centre being the border of each patch.

Vertical scale X y Width Height Aivn:l;ieL* Contour
centre line 30 0 0 300 max black 0,19
mm lines 29 every mm 1 0 max black 0,19
5 mm lines 28,5 every 5 mm 1,5 0 max black 0,19
10 mm lines 27,5 every 10 mm 2,5 0 max black 0,19
lettering every 10 mm, Verdana 8 pt efirleft side of scale
1/16 Inch lines 30 . /i‘;elrg’ch 1 0 max black 0,19
1/2 Inch lines 30 every 1/2 Inch 155 0 max black 0,19
Inch lines 30 every Inch 2,5 0 max black 0,19
lettering every inch, Verdana 8 pt on right side of scale
surrounding white 0 20 20 300 su‘h),;til';zte behsicnac%ebsoth
Scale on top of background checkerboard and beliind horizontal grey
bars
Horizontal scale X y Width | Height Aivrgﬁfe]‘* Contour
centre line 0 272,4 420 0 max black 0,19
mm lines every mm 272,4 0 1 max black 0,19
5 mm lines every 5 mm 272,4 0 1,5 max black 0,19
10 mm lineS every 10 mm 272,4 0 2,5 max black 0,19
lettering every 10 mm, Verdana 8 pt on upper side of scale
1/16dInch lines every 1/16 Inch 271,4 0 1 max black 0,19
1/2-Inch lines every 1/2 Inch 270,9 0 1,5 max black 0,19
Inch lines every Inch 269,9 0 2,5 max black 0,19
lettering every Inch, Verdana 8 pt on lower side of scale
surrounding white 0 265 420 15 suvk:’;‘ciigte behsicnao};oth
Scale on top of background checkerboard and behind vertical grey bars

In contrast to the rest of the features the position given for the grey scales describe the centre of
each patch and not the lower left corner

Left vertical grey scale b'¢ y Width Height Aimed L* Density
GS_L_1 105 83,5 15 7 95 0,06
GS_L_2 105 90,5 15 7 90 0,12
GS_L_3 105 97,5 15 7 85 0,18
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Left vertical grey scale X y Width Height Aimed L* Density
GS_L_4 105 104,5 15 7 80 0,25
GS_L_5 105 111,5 15 7 75 0,32
GS_L_6 105 118,5 15 7 70 0,39
GS_L_7 105 125,5 15 7 65 0,47
GS_L_8 105 132,5 15 7 60 0,55
GS_L_9 105 1395 15 7 55 0,64
GS_L_10 105 146,5 15 7 50 0,73
G§_L_T1T 105 155,50 15 / 45 U,Bi
G§_L_12 105 160,5 15 7 40 095
G$._L_13 105 167,5 15 7 35 o7
G$_L_14 105 174,5 15 7 30 | 121
G$_L_15 105 181,5 15 7 25 A0 136
G§_L_16 105 188,5 15 7 200" 1,52
G$_L_17 105 195,5 15 7 (15 1,72
G$_L_18 105 202,5 15 7 10 1,95
G$_L_19 105 209,5 15 7, C 5 2,26
G§_L_20 105 216,5 15 o) 3 D,y > 2B

N
Numbering Colour \‘QQ Typo
Numbers on right side orange . ®$ Verdana 8pt
4\
\L\O
Rightlvertical gray scale b ,_’\\C)\ y Width | Height | Aimed L* Density

GS_R_1 315. ' 216,5 15 7 95 0,06
GS_R_2 815 | 2095 15 7 90 0,12
GS_R_3 315 202,5 15 7 85 0,18
GS_R_4 ()l 315 195,5 15 7 80 0,25
GS_R_5 R 315 188,5 15 7 75 0,32
GS.R6 )" 315 181,5 15 7 70 0,39
GS_R7 X 315 174,5 15 7 65 0,47
GS_RB)' 315 167,5 15 7 60 0,55
GS2R-9 315 160,5 15 7 55 0,64

CGS_R_10 315 153,5 15 7 50 0,73
S RIT 315 1465 15 7 75 0,84
GS_R_12 315 139,5 15 7 40 0,95
GS_R_13 315 132,5 15 7 35 1,07
GS_R_14 315 125,5 15 7 30 1,21
GS_R_15 315 118,5 15 7 25 1,36
GS_R_16 315 111,5 15 7 20 1,52
GS_R_17 315 104,5 15 7 15 1,72
GS_R_18 315 97,5 15 7 10 1,95
GS_R_19 315 90,5 15 7 2,26
GS_R_20 315 83,5 15 7 D> 23
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