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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.
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Introduction

Image quality of photographic prints is not based on any single feature but instead involves several
factors. There are so-called “five major properties” for representing photographic image quality, and
each one is essential: (1) density; (2) colour; (3) uniformity; (4) tone and (5) detail reproduction.

Glossiness represents another important factor. It affects the observer’s perception since it r

elates to

the light specularly reflected from prints. Though the specularly reflected light contains no information

from the printed image, it affects the observer’s perception. Furthermore, sharpness of the
reflected light sources also affects the perception.

Several standards for image quality measurement have been documented by ISO/TC 42,'S
ntended for analogue prints fail to properly address the effect of half tone dots, which red
produce inkjet and electrophotographic prints.

—

I recent years, the field of imaging science and technology has witnessedthe investig
easurement methods for digital prints. In addition, standards have been developed by [SO/I}

bcause they focus on a specific technical or industrial field. However,the rest of these s
hndle common aspects and can be applied to photographic prints-with or without modif
standard. This document provides information about the measureméent methods for imag
that are applicable to photographic prints, including digital prints produced using a range of]
technologies.

5o g

ot

§O/TC 42 plans to develop test targets for image quality)measurements on small size phot]
prints. This document provides methods which can be applied for the measurements.

shape of
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C 28 and ISO/TC 130. Some of these standards cannot be applied broadly to photographlic prints
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b quality
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Photography — Photographic reflection prints —

Part 1:
Evaluation methods of image quality

Scope

o B Y

his document provides information and examples of measurement methods for €valus
hage quality of digital photographic reflection prints, including prints produced\by ink jet,
ye transfer, electrophotography and silver halide (chromogenic) technologies-These meag
ethods are intended especially to be applicable to small prints with a size ©f available pict
inging from 35 mm x 45 mm to 360 mm x 450 mm, a popular and basic-application of phot
Fint technology.

Z T 33 o=

OTE The definition of “digital print” here is print made directly > frem digital data when th
ritermediate image carrier, or when the image carrier is refreshed for each:impression, and thus each ir
4n be different in content if desired.

a o=

Normative references

= N

here are no normative references in this document.

Terms and definitions

2 B O

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

[

§0 and IEC maintain terminological/databases for use in standardization at the following add

- ISO Online browsing platform: available at https://www.iso.org/obp

- IEC Electropedia: available at http://www.electropedia.org/

11 Terms

3
311.1
reflectance factor

ratio of thewreflected flux as measured to the reflected flux under the same geometrical and
cpnditions.for an ideal 100 % diffuse reflecting surface

[SOURCE: ISO/IEC 24790:2017, 3.30]

ting the
thermal
urement
ure area
ographic

ere is no
npression

[esses:

spectral

3.1.2

spots per inch

spi

spots per 25,4 mm

[SOURCE: ISO/IEC 24790:2017, 3.34]

3.1.3

visual transfer function

VTF

function used to represent human visual characteristics when dividing the system into p
evaluating it as a superposition of transfer functions in the spatial frequency domain

© IS0 2020 - All rights reserved
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3.1.4
mura

20791-1:2020(E)

non-uniformity in the image that should be of uniform density or uniform colour

Note 1 to

3.1.5

entry: Mura defects are larger than graininess or mottle, and it generally has ambiguous boundaries.

addressability
number of uniquely identifiable printable spot positions per unit distance

[SOURCEASOAEE29112-2618;3-1+1

3.1.6

area moldulation

method

3.1.7
density
method

3.1.8
contras
CTF
ratio of
frequend

[SOURCE

3.1.9
modulat
MTF

spatial frequency response

SFR
ratio, as
printing

[SOURCE

3.1.10
line spr¢
LSF
normaliZ
imaging

[SOURCH

3.1.11
specula

bf expressing gradation by changing the size or the frequency of dots

modulation
pf expressing gradation by changing the density of pixels

transfer function

the image contrast to the object contrast of a square-waveé, pattern as a function of spatipl
y

: ISO/TR 19319:2013, 2.2, modified — Notes 1 and 2 to-entry were deleted.]

ion transfer function

h function of spatial frequency, of theimeasured modulation response in a print produced by|a
system, to the stimulus modulationpresented to that printing system

: ISO/IEC 29112:2018, 3.1.16]

pad function

ed spatial signat distribution in the linearized output of an imaging system resulting from
n theoretical infinitely thin line

:1S0 12231:2012, 3.94, modified — Note 1 entry was deleted.]

" gloss

gloss obs

erved or measured at the specular angle

[SOURCE: ISO 8254-1:2009, 3.8]

3.1.12

image clarity

degree o

f sharpness of an image reflected by a specimen or transmitted through a specimen

[SOURCE: ISO 17221:2014, 3.1, modified — Note 1 to entry was deleted.]
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3.2 Abbreviations

R red

G green

B blue

\Y visual

ClE International Commission on Illumination
CIELAB CIE 1976 (L*a*b*) colour space

dpi dots per inch

spi spots per inch

cy/mm cycle per millimetre

D01 distinctness of image

4 Overview of the photographic print image quality

41 General

h—

t{ is commonly understood that there are five major, properties for representing the image quality of
hotographic prints, and each one is essential in‘representing the overall image quality. Each property
in be further classified into several sub-properties. Table 1 presents these categorised propefties and
bme related examples of measurements.

o o

%)

Table 1 — Overview of properties and measurement methods

Property Sub-property Related measurement methods
. . : — Optical density R, G, B and V values for white, grey,
({) Density a) Optical density black and each colour step
a) Chromaticity — Colorimetric value in colour space
(B) Colour -
b),~Colour gamut — Coverage in colour space (area, volume)

— Granularity and graininess (tens to hundreds of

a) Micro uniformity micrometres)

B) Unifotmity b) Semi-micro uniformity — Mottle (hundreds to thousands of micronjetres)

— Non-uniformity in print area, such as murfa,
¢) Macro uniformity banding and shading (thousands of micrometres
to the whole printing area)

— A characteristic of a printing system how colour
a) Tone reproduction or density is modulated by the change in the
intensity of input image signal to the system.

(4) Tone

b) Capacity for tone reproduction |— Number of tonal steps
(5) Detall- 4) Detail reproduction — Contrasf trapsfer funct_lon"(CTF) property and
reproduction several “spatial resolution” values

The following aspects should be included when evaluating and measuring digital photographic print
image quality, in comparison to that of traditional analogue photographic prints.

© IS0 2020 - All rights reserved 3
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4.2 Density and colour

For density and colour measurement, additional colorants should be considered. In addition to cyan,
magenta and yellow colorants, black colorant is typically used in many digital printing technologies.
In some cases, more colorants, for example, orange or violet colorant, are used to improve density and
colour reproduction. Of course, these additional colorants affect density and colorimetric value itself.
Moreover, additional colorants can expand colour space because they enable vivid colour reproduction
with less turbidity.

4.3 Unifoermity

Uniform]ty measurement includes micro, semi-micro and macro uniformity. Because some (digitpl
photographic prints contain a structure of microdots, the dots themselves can be perceived.as a soft
of micrg structure. Displacement of dots or colour registration failure can cause misalignment pf
microstructure. Misalignment negatively impacts the micro or sub-micro uniformity. Such attributgs
should bE a concern, especially for digital photographic prints.

NOTE Dot size (or dot area), dot gain, dot placement accuracy, and colour bleed aré important parametels
for analyzing the image quality described in this document. Rosettes, moiré and reticilation streaking are al§o
importanft parameters to consider when assessing the image quality of digital prints.

4.4 Togne

For tonel measurement, the capacity for tone reproduction should be addressed in addition to tone
curve. Depending on the original digital image file format, the image’s capacity to differentiate pixe
tone is limited; for example, 256 levels for 8-bit format, 1 024.levels for 10-bit format. It is important to
measurelthe distinguishability of each of the available levels,in the printed image.

—

4.5 Dagtail reproduction

Regarding detail reproduction, micro image structures directly affects how finely an image can he
represerjted. However, there are many kinds of'micro image structure now present in digital imaging
across the variety of print technologies. For.digital prints especially, one should be concerned with how
the imagge is perceived by human eye. This is crucial when comparing the properties of prints producqd
with different printing technologies.

4.6 Glpssiness

In additjon to the five major properties above, reflective properties such as glossiness need to hje
addressgd for all photographic prints but especially for digital photographic reflection prints. In
traditioral silver halide\prints, colour images are generated inside the surface gelatin layer. However, In
many types of digital'print technologies, colorants are set on substrates, so that colorants themselves
form some parts@fithe print surface. Thus, the intensity and uniformity of the light reflected from sugh
prints wjll change depending on the illumination under which a print is observed.

4.7 Others

The above measurements address the quality of a given print, but the variation or repeatability of image
quality among multiple prints is another important aspect. Colour variation affects not only identity
in print duplication but also overall quality of a print series; for example, a photo book that includes
various scenes in a specified sequence.

In this document, measurement methods for five major properties are described in the following
clauses, from Clause 5 to Clause 9. In addition to the five major properties, glossiness measurement
methods are described in Clause 10. Colour variation in printing will be described in another document
of the ISO 20791 series (future ISO/TS 20791-2).

4 © IS0 2020 - All rights reserved
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5 Density

Density can be measured according to ISO 5-3[Z] and ISO 5-4[8]. With these methods, the red (R), green
(G), blue (B) and Visual (V) density values can be assessed in a single measurement. A test chart for
density measurements consists of several patches of sufficient size to be measured with an applied
densitometer. A typical test chart is shown in Figure 1. It has grey, cyan, magenta, yellow, red, green and
blue tone patches, with the numerical digital value at equal intervals. The maximum density of each
colour and the density of D, ;, patch in the test chart are especially important. The results of density
measurements can also be used to evaluate the gamma attribute, as well as tone curve.

— &

Place Label Here

& RN &

%
Figure 1 — An example of a test chart for d&ity and colour measurements (ISO 189{#4[21)

RNE
6 Colour xO
C

hromaticity can be measured a@&ing to ISO 11664-1[19] [SO 11664-4[11] and ISO 13655[12]. With
these methods, colorimetric values1* a* and b* in CIELAB 1976 colour space can be assessed in a single
mleasurement and subsequ alculations. Conforming to ISO 13655, CIELAB values are cpmputed
uping CIE illuminant D50 the CIE 1931 standard colourimetric observer (often referred fo as the
2f standard observer). Oﬁg)sr illuminants can be used depending on circumstances and purpdse of the
njeasurement. A test ¢hart for chromaticity measurements consists of several patches of suffi¢ient size
t¢ be measured withCan applied colorimeter. An example test chart is shown in Figure 1. Grfey, cyan,
njagenta, yello , green, blue and white patches are fundamental components of the tdst chart.
Special colou be added, for example, skin tones, leaf green and sky blue.

et

photo ic prints. Since a*b* chromaticity diagrams represent considerable informatipn while
r tﬁn ng visually simple, they have been used widely in photography analysis. Examples offan a*-b*
C %ﬂatiCitV diagram are shown in Figure 2.

ad%%g&colorimetric value itself, coverage in colour space is an important concern fqr digital

© IS0 2020 - All rights reserved 5
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Figure 2 — Examples of an a*-b* chromaticity diagram

Coverag¢ in three-dimensional colour space is measured accordinggo 1SO/TS 18621-11[13], Colour spag¢e
coveragg can thus be calculated as volume in CIELAB 1976 coloufispace. A sufficient number of patchgs
is needefl for the calculation of volume. An example test chartiincluding 756 patches, as stipulated In
ISO/TS 18621-11, is shown in Figure 3. If the print size is not large enough to contain the full test chaft
with suitable patch sizes, the test chart should be divided@nd printed across multiple prints

]

gure 3 — An example of a test chart for measurement of coverage in colour space

For meajsurjnig~volume in CIELAB 1976 colour space, ISO/TS 18621-11 provides a way to obtajn

measurement values; for example, the volume of a single gamut, or the volume of the interaction pf
two ga e A coharaatio tynagn oFf cognragn 3 aalotie cpmann 1o chavaz Diguva A Tox agaliiation of a

u\.a Iy ocIriIcIiIiiacic llllus\z AV WAV A A ) § us\, I CUITuUur JH“\'\I IO OIIUVvVVII lll 11 Uuilre 1. 11Ul bV“luu\-lUll \vpy
photographic image, reporting the value of colour gamut area or colour gamut volume is not sufficient,
because:

a) thevalue does not indicate the dependence of luminance range, and

b) the value does not indicate the hue direction which is sometimes more important than the value of
the colour gamut.

6 © IS0 2020 - All rights reserved
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Figure 4 — Schematic 3D image of coverage in colour space

I those cases, a set of graphs of a*-b* plane at a range of L* values is ‘effective, providing a cle
depiction of features of colour reproduction from shadow to highlight. Examples of such grapH
shown in Figure 5. This type of graph is more preferable for quantitative and scientific repreg
f photographic image than a schematic 3D image such as Figtire 4.

o

X
..:&m

2
I

ar visual
sets are
entation

b)" L*=40 ¢) L*=60
Key
. system A
|::| system B

Figure5S— Example graphs of area coverage in the a*-b* plane at specific L* value

ey
?)a

7| ~Uniformity

7.1 General

For uniformity measurement, spatial dimensions are important. Uniformity is often sub-categorised
at three levels: micro, semi-micro and macro uniformity. Variation of density, reflectance factor or
colorimetric value is measured in each sub-category and calculated according to its specific size range.

— Micro uniformity: spatial fluctuation from tens to hundreds of micrometres.

— Semi-micro uniformity: spatial fluctuation from hundreds to thousands of micrometres.

— Macro uniformity: spatial fluctuation from thousands of micrometres to the whole printing area.

© IS0 2020 - All rights reserved
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Both micro uniformity and semi-micro uniformity are sometimes called “noise” if the fluctuations
are aperiodic. Macro uniformity is sometimes named according to its obvious visual feature such as
“banding,” “streak,” “shading” and so on.

7.2 Micro uniformity

7.2.1 Granularity

Micro uniformity is sometimes measured with “granularity.” ISO 10505[14] provides a photographic

[3
a microdensitometer, and the root mean square value is calculated A similar method can be applied’to
reflection analogue prints. However, this method is not appropriate for modern digital prints that have
two-dimensional micro structures.

A simplp way to measure two-dimensional granularity is the “graininess metric® Instead pf
a microglensitometer, this method uses a scanner with a minimum of 600 spi te ‘obtain a tw¢-
dimensi¢nal density map as stipulated in ISO/IEC 13660121, which has been withdrawn and replacgd
by ISO/IEC 2479011 mentioned below. The two-dimensional density map is dividéd into small tiles, gs
shown in Figure 6. Granularity is then calculated as the root mean square deviation from the mean pf
density gmong tiles.

NOTE Within each tile of Figure 6, there are 900 evenly-spaced scanned pixels and the standard deviation pf
900 dens|ty data is calculated. The size of each scanned pixel is 42 um. It i$.a little bit larger than other referr¢d
methods put within the range of micro uniformity in this document (sey€ral tens to hundreds of micrometres).

12,7 mm
/
1,27 mm

1,27 mm
900 msmts

12,7 mm

Figure 6)~— Schema for measuring “graininess metric”

7.2.2 Graininess

In imaging science ‘and technology fields, several methods have been proposed that take human visupl
perceptipn intésaccount1el17][18] Results of these methods are called “graininess” because they are
a type of psychophysical property. Using these methods, the print image is scanned with a flat bgd
scanner. rTwo-dimensional digitised data from the scanned image are processed, and a graininess valye
is calculated. Power spectrum analysis and filtering using a visual transfer function are the essential
components of the calculation. A schematic of this calculation process is shown in Figure 7. This
process was originally proposed by R. P. Dooley and R. Shaw for perceptual noise measurements in
electrophotography!16l,

8 © IS0 2020 - All rights reserved
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[ N (Bé{?evvalue

Figure 7 — Schematic calculation process fop granularity value

he measurement of a modified “graininess metric” was préposed in ISO/IEC 247900, In ISO/IH
Faininess is defined as appearance of unintended microscopic, but visible aperiodic fluctu
bhtness. It is noted that microscopic means variations with spatial frequencies greater th
4 cy/mm. In this modified method, the print.ithage is scanned with a scanner with a 1
200 spi. Power spectrum analysis and filtering are also used in this method. Wavelet trar
sed, and frequency components higher thafi’1,48 cy/mm and lower than 0,37 cy/mm are 1
fter inverse wavelet transform, the processed image is divided into small tiles as shown in |
his tiling functions as high-pass filtering in the following calculation process, which

g e m O =09 =

F the visual transfer function aboye. Variance of the reflectance value inside each tile is ca
nally, the root of the average variance for all tiles becomes the value of the modified grainineq

1 O

020(E)

C 24790,

qtions of
hn about
ninimum

sform is
emoved.

Figure 8.

removes

equency components lower than 0,39 cy/mm. These processes have effects similar to the apjplication

lculated.
s metric.

Scanned and converted image, CIE Y(x, y)

Wavelet transform

Filtered frequency components composing

0,635
those between 0,37 cy/mm and 1,48 cy/mm|
|

Inverse wavelet transform

Cropping
[

127

Dividing image into small size tiles of 1,27mm sq

toeliminate the variation in Fvaqnanny 039 cy
= = v =+ H >

lare
mm

Calculation

-root of the average variance for all tiles

-variance of reflectance value inside each tile

The value of graininess metric

Figure 8 — Measurement and calculation process for the modified “graininess metric”

(ISO/IEC 24790)
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7.3 Semi-micro uniformity

Semi-micro uniformity is usually called “mottle”. It relates to noise at frequencies lower than those of
granularity and graininess. Methods similar to those used for measuring graininess can be used for
measuring mottle. Mottle measurement differs from graininess measurement in the filtering. Noise
components of lower spatial frequency, approximately from 0,1 to 1 cy/mm, are passed through the
filtering process.

Measurement of the “mottle metric” was also proposed in ISO/IEC 24790. In ISO/IEC 24790, mottle is
defined as appearance of unintended, aperiodic macroscopic fluctuations of lightness. It is noted that
macroscppic means variations with spatial frequencies less than about 0,4 cy/mm. In the filtering
process,|frequency components higher than 0,37 cy/mm and lower than 0,09 cy/mm are renigvef.
As showp in Figure 9, the tile size is larger for “mottle” measurements than for “graininess metri¢”
measurements; therefore frequency components lower than 0,20 cy/mm are removed in the ¢alculatign
process.|Variance of the reflectance value inside each tile is calculated. Finally, the root of thé average pf
the varignce of all tiles is used as the value of the mottle metric.

| Scanned and converted imggg: bIE Y(x,¥) |
||

| Wavelet transform |
A

< 127 Filtered frequency,components composing
those between 0,09-¢y/mm and 0,37 cy/mm)
||

Inverse wavelet transform
T

Cropping |
||

I 2,54

Dividing-image into small size tiles of 2,54mm square
to eliminate the variations in frequency <0,20 cy/mm.

Calculation
-variance of reflectance value inside each tile
-root of the average variance for all tiles

25,4
Sl : :
UZ,S4

25,4

The value of mottle metric

Figure 9 — Measurement and-calculation process for the “mottle metric” (ISO/IEC 24790)

7.4 Macro uniformity.

Macro uniformity refer's to fluctuation in larger portions of the print image, up to the whole printarea. In
measuripg macro uniformity, a plain image print is scanned with a flat bed scanner. The scanned image
is divided into maltiple tiles whose size is set at between 1 mm and 20 mm. Density or colourimetrfc
value of gvery_tile'is calculated and analysed. Various measures of macro uniformity are listed below.

— Stanldard'deviation of the value of all tiles.

— Difference between maximum and minimum values across all tiles.

— 95th percentile value of the pairwise differences between all possible pairs of values across all tiles.

10 © IS0 2020 - All rights reserved
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Figure 10 — An example of measuring points for macro uniformity

Q
Measurement of macro uniformity is proposed with the draft document of ISO/TS 18@5}-21[12]. In this
njeasurement method, a test pattern including the plain grey image shown in FiéuD&fll is primted. The
s¢tanned image is divided into multiple square tiles of side length 6 mm. CIED 0 colour djfference
AE,, is calculated between neighbouring averaged tiles in each row and colufin. The “macro|uniform
s¢ore” value, which is a number in the range zero to one hundred, is calculated from all the|row and
c

plumn data, according to Formula (1). 6

Macro Uniformity Score =100x 1t (@8]
2xAE
[ total ]
2 15
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> >
e 5
% F‘ignrn 11 — Test chart for macro "nifnrmify score {IQﬂI/TQ 18621 -71}

Banding is the appearance of one dimensional bands within a plain image. It is one case in which macro
uniformity is perceived as being poor. ISO/IEC 24790 provides the measurement method of banding.
Components of periodic banding or line-shaped defects are extracted through power spectrum analysis
within the process of this measurement. One dimensional L* profile is calculated from the scanned
image and any high frequency component larger than 0,5 cy/mm is removed by the filtering process
between Fourier and inverse Fourier transform. The local extrema are extracted from the filtered
profile and the value of the banding metric is calculated from pooled summation of the local extrema.
See ISO/IEC 24790:2017, 5.2.9, for details of calculation process.
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8 Tone

8.1 Tone reproduction

Tone reproduction is a characteristic of a printing system describing how colour and/or density
is modulated by the change in the intensity of the input image signal to the system in order to best
reproduce the image according to a viewer’s subjective preference. Tone reproduction is designed
to represent a preferable image quality for each printer with respect to its characteristics, such as
reproducible dynamic range in tone and colour, noise level and halftone process.

The tond curve is one of the basic parameters of tone reproduction. It is a curve that describes the
relationghip between the input signals and the output density of prints using the methods stated |n
Clause 5

8.2 Capacity for tone reproduction

As mentioned above, the capacity for tone reproduction is an important property for digitpl
photographic prints because an original digital image consists of pixels, which Have a limited digitpl
level. As|the value of the noise level increases, it becomes more difficult to distinguish the differenge
between|patches of similar grey levels.

To addrgss this concern, a number of tonal steps[20[21] can be measufed with a calculation process
shown in Figure 12. The density difference between two patches is-divided by the noise measurement
value, afd the results are summed from the patch of minimuwm“density to the patch of maximu
density. Results of micro or semi-micro uniformity described if7.2 and 7.3 can be applied as the noij
measurement value. Care should be taken to apply the sarhe’property [e.g., density (D), reflectan
factor (Y]) or luminance factor (L*)] for both values: the degéminator value (difference of property) an
the numerator value (noise).

SRR ]

H H -H

~ ~ |

Ll

Patch number i 1 ) ) 1
Digital value N, 255 230 205 0
(difference) A25 A25 A25

| N l . Density difference F
umber of tomalsteps =
& RMS noise i .:/:-
12 D1'+1 B Di E
Tisq it 0 E.
D; density (V) -Scanned image of each patch is divided

into square “tiles”.
-0 is standard deviation of tiles density.

a2 Aty ancinnal DM
= VT

v CITIICTIISTOTIOr 1™

gn
3

3N - N i i ximum valu
Note; “N,,, - N;” is applied as a maximum value
i

i+1

O-I' + 0i+1

when >N, -N,

Figure 12 — Schematic calculation process for a number of tonal steps

Number of tonal steps is affected by both dynamic range and noise. When two prints with similar
dynamic range are compared, the degree of noise has a strong impact on results of number of tonal
steps. One opinion worth noting is that number of tonal steps is a type of noise expression because
prints that are compared are often found to have a similar dynamic range.
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9 Detail reproduction

9.1 General

Detail reproduction is a characteristic that shows how finely an image is reproduced on prints and how
sharply the edge of an image element is reproduced. It is measured as a tonal difference between adjacent
image elements. Therefore, it relates to the dynamic range in density or colorimetric measurements and
above-mentioned tone curve. Larger tonal differences between finer image elements result in higher
levels of detail reproduction.

Olne important aspect of detail reproduction is spatial resolution. The term “dpi’-(ag printer
dressability usually does not correspond to the quality of detail reproduction in the printgd image,
because other parameters (input image data, media, colorants, screening and so onj) also dffect the
dptail reproduction of prints.
N
p

o8]

OTE As indicated above, sometimes the term “dots per inch (dpi)” of printers is.€xpressed as a pfoperty of
Fints, which can cause misunderstanding.

I} addition, the term dpi has different meanings in various technologies. Even though the tgrm “dpi”
4 useful for comparing the ability of detail reproduction among similar systems, extreme differences
rise especially between area modulation technology and density. modulation technology. While tone
nd colours are represented with multiple dots in area modulation technology, they can be represented
ith a single dot in density modulation technology.

—

a

a

\

Sp the term “dpi” is not appropriate for comparing prifits’quality, particularly when generated by
djfferent technologies.
T
\

he measurement methods using patterns of fine lifies are described in 9.2. And measuremenf method
ith contrast resolution test target is described,in.9.3.

e

> &y Single dot t
< Single pixel is generated 91 |<_ ingfe dot can represen

"dot" sizé with multiple dots "dot" size multiple tone and colourg
a) Area modulation technology b) Density modulation technology

Figure 13 — Schematic of differences between a) and b)

9.2 Resolution measured with patterns of fine lines

Detail reproduction can be evaluated by means of patterns of fine lines; a typical pattern is shown in
Figure 14. CTF metrology is applied in this measurement. Densities of both lines and blank spaces are
measured with micro densitometers or scanners. The CTF value is then calculated with Formula (2).
This formula is a density-based measurement. An analogous measurement that uses similar formula,
but is based on optical reflectance, is also popular in the field of graphic technology.

d

CTF: dlines B blanks (2)
lines +dblanks
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Figure lé\gl‘ypical patterns for evaluation of detail reproduction

hnaly.
VIT&%\“aracteristic. The document defines that the spatial frequency at 50 % modulatia

provides

hod of "priﬁ?modulation transfer function (MTF) estimation from 1-D repeating patterng”
edinl C 29112I2], Printed test patterns shown in Figure 15 are captured with a scanng
f a repeating one-dimensional square-wave pattern provides an estimation of

»]
I.
a
n
ht

stimation of the perceived sharpness of repeated detail, and that the spatial frequency

10 % mo

NOTE

14

dulation provides an estimation of the limiting resolution of repeated detail.

ISO/IEC 29112 includes not only square wave spatial frequency response (SFR) but a variety of
methods to evaluate resolution of a printer with some correlation with subjective resolution of printed images as
described in ISO/IEC 29112:2018, Annex F. Included are the native addressability, the effective addressability, the
edge blurriness, the edge raggedness, the slanted-edge SFR and the square-wave SFR. The document is intended
to be used for monochrome prints by electro-photography.
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and (right) 90° orientation

\/
3
St

.3 Resolution measured with contrast-resolution test target S

esolution evaluation needs to reflect how the human visual system Ql’teives the image.

gure 16. A resolution score has been proposed using this test tl22] The chart consist

Ref. Tone Value = 50% N\
1 598 359 215 129 ’ (.Y 4.6 2.8 1.7 1.0

é@?\ Figure 16 — Contrast-resolution test target

9

R

plirpose, a test chart called “the contrast-resolution test target” h een developed. It is ghown in
F|

h

R

Q
Figure 15 — Test patterns for “printer MTF estimation” in ISO/IEC 29112, (left) ‘@{entation

For this

s of one

indred patches with concentric circles, with ten levels each for spatial resolution and fontrast.
esolution score is judged by the visibility of concentric circles; the number of distinguishabl¢ patches
i§reported. It is mainly used in graphic prints, but it can be@ lied to photographic prints as well.

p1-31(23],

b@tlve measurement of the contrast-resolution test target has been proposed in ISO/TS 186

Thismethod uses a 11at bed scanner. I he scanned Image IS compared with a reference image in

terms of

key visual aspects. Resolution score is calculated as the summation of correlation factors over the one

hundred patches.
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Scanned image of print ﬁ Reference image
x VTF @40cm x VTF @40cm

ast.Resalution Test Target w1 ‘Gontrast-Resoluion Test Target w1
Conivat 100 5995 1594 2154 92 774 464 278 167 10

cumest 100 59.95 3594 2154 1292 774 464 278 167 10

Computing correlation factor
of each pair.

Resolution score:
Summation of correlation

factors from 100 pairs =

0 100 200 300 400 500 600 700 BOO 900 100 O 0 100 200 300 400 500 60.0 700 BOO 9S00 100 O

Figure 17 — Schematic calculation process for resolution score using flat bed scanner

10 Glossiness

10.1 Gdneral

In additjon to the five major properties mentioned in Clausés.5 to 9, reflective properties such gs
glossinegs are significant for photographic prints. Ambient light'is reflected off the surface of prints both
specularly and diffusely. Even in cases where specularlyteflected light carries no information aboyit
the prin{ image, it can affect the observer’s perception.Stich perceptions have led to the establishment
of glossifess preferences.

Several flypes of surface finishing are typically available; for example, glossy, matte and silk. In additign
to surfade finishing, other glossiness differences may arise due to the imaging layer surface structure
generated by different print technologies, For’example, in traditional silver halide prints, colour imagegs
are gendrated inside the surface gelatin-layer, whereas in many modern digital print technologie
colorant} are set on substrates and form'parts of the print surface.

[72)
-

“Speculalr gloss” is the glossinesssub-property most often measured; it simply represents the intensity
of the sppcularly reflected light[2124], This sub-property is widely used for various surfaces of materiallls
and samples to characterisethiem as “high gloss” or “low gloss.” However, in some cases of photographjc
print evpluation, observers perceive a “glossy” surface even for the “low gloss” samples. Sonje
researchers have poinfed out that the sharpness of the reflected light affects the human perception pf
gloss. THey recommehd measuring additional properties relating to the sharpness of reflected light,
such as “Distinctiess of Image” (DOI) or “Image clarity”[25], It is also mentioned that the combination pf
DOI and ['Specutar gloss” is correlated well to the human perceptionl26l,

NOTE In addltlon to the above characterlstlcs the spectrum of the reflected hght can be changed accord1 \g
to observati i e ese :

types of dlgltal prmts where plgments are applled on glossy papers It can be measured w1th gonlometrlc
spectrocolorimetryl2Z1[28],

10.2 Specular gloss

Measurement of specular gloss is stipulated in ISO documents ISO 8254-1[5] and 1SO 2813[24], These
stipulations are referenced in 1SO/TS 15311-1[29] and can also be applied to photographic prints. In
the measurement of specular gloss (Figure 18), the incident angle is selected from among 20°, 60°, 75°
and 85°. Smaller angles (20°) are typically appropriate for distinguishing differences among high gloss
samples, while larger angles (75° or 85°) are appropriate for distinguishing differences among low
gloss samples. For comparing many kinds of photographic prints at one time, 60 degrees is the most
widely used.
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