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Foreword

ISO (the Inte

rnational 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-governm

ental, in liaison with 1SQ_also take part in the work 1SO collaborates closely with the

International
International
The main ta
adopted by

International

Attention is g
rights. ISO s

ISO 21550 w

Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part'2.
5k of technical committees is to prepare International Standards. Draft International Stanglards
the technical committees are circulated to the member bodies for voting. ‘Publication gs an

Standard requires approval by at least 75 % of the member bodies casting-a Vote.

rawn to the possibility that some of the elements of this document may be the subject of gatent
pall not be held responsible for identifying any or all such patent rights.

as prepared by Technical Committee ISO/TC 42, Photography.
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Introduction

The use of scanners to provide digital image files is rapidly growing. A standard is needed in order to measure
the ability of scanners to capture tones especially in the dark areas of the original. At the present time most
manufacturers calculate the dynamic range from the bit depth of the implemented A/D conversion which is
usually higher than the actual capabilities of the scanner. This International Standard can be used for
photafinishing, professional, graphic arts and consumer scanners

This [nternational Standard specifies methods for measuring the ability of scanners to capture.fones especially
in th¢ dark areas of the original. The scanner measurements described in this International $tandard are
performed in the digital domain, using digital analysis techniques. A test chart of\approprigte size and
chargcteristics is scanned and the resulting data is analysed. The test chart described in this|International
Standglard is designed specifically to evaluate continuous tone film and reflection-scanners. It is hot designed
for eyaluating electronic still-picture cameras, video cameras, or bi-tonal document’scanners.
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INTERNATIONAL STANDARD I1ISO 21550:2004(E)

Photography — Electronic scanners for photographic
images — Dynamic range measurements

1 $cope

This [International Standard specifies methods for measuring and reporting the dynami¢ range|of electronic
scanners for continuous tone photographic media. It applies to scanners for reflectiveyand to [scanners for
transmissive media.

2 ormative references
The following referenced documents are indispensable for the application of this document. For dated
refergnces, only the edition cited applies. For undated referenCes; the latest edition of the¢ referenced
document (including any amendments) applies.
ISO %-2, Photography — Density measurements — Part 2: Geometric conditions for transmission|density
ISO %-4, Photography — Density measurements — Part 4: Geometric conditions for reflection depsity
ISO %54, Standard atmospheres for conditioning and/or testing — Specifications

ISO 12231, Photography — Electronic still-picture cameras — Terminology

ISO 12232:1998, Photography — Electrenic still-picture cameras — Determination of ISO speed

ISO 14524, Photography — Electronic still-picture cameras — Methods for measuring opto-electronic
conversion functions (OECFs)

3 Terms and definitions
For the purposes of'this document, the terms and definitions given in ISO 12231 and the following apply.
31

addressable photoelements
number.of active photoelements in an image sensor

NOTE This is equal to the number of active lines of photoelements, multiplied by the number of active photoelements
per line.

3.2

aliasing

output image artefacts that occur in a sampled imaging system for input images having significant energy at
frequencies higher than the Nyquist frequency of the system

3.3

digital output level
numerical value assigned to a particular output level, also known as the digital code value

© 1SO 2004 - All rights reserved 1
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3.4

edge spread function

ESF

normalized spatial signal distribution in the linearized output of an imaging system resulting from imaging a
theoretical infinitely sharp edge

3.5
effectively s

pectrally neutral

characteristic of an imaging system whereby the output is the same as that produced from a spectrally neutral

object

3.6

electronic s
scanner that

3.7

fast scan di
scan directig
array image

3.8

canners for photographic film
incorporates an image sensor whose output is a digital signal that represents a still filnmimag

ection
n corresponding to the direction of the alignment of the addressable photoelements in a
5ensor

gamma correction

process that

3.9

image sensor

electronic dd
coupled devi

3.10

incremental
change in ou
function of in
NOTE 1 Fa
NOTE 2 If
interval, the in
and should be

cases it may b
the first derival

3.11
incremental
input level m

3.12

alters the image data in order to modify the tone reproduction

vice that converts incident electromagnetic radiation’into an electronic signal; e.g. a c
ce (CCD) array

gain function
tput level (digital code value) divided by the change in input level (luminance or exposure) as
put level

r the determination of incremental.gain values, log input values are not used.

he input exposure points are- very finely spaced and the output noise is small compared to the quanti
cremental gain function may*have a jagged shape. Such behaviour is an artefact of the quantization pr

removed by using an-appropriate smoothing algorithm, or by fitting a smooth curve to the data. In
e desirable to fit a curve/to the input-output data and then determine the incremental gain function by
live of the functiop-Used for the curve fit.

output signal
Liltiplied by the system incremental gain at that level

e

inear

narge

zation
ocess
some
faking

incremental

signal to noise ratio

ratio of the incremental output signal to the root-mean-squared (rms) noise level, at a particular signal level

NOTE

full range of output signal levels.

3.13

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

This is typically expressed as a graph or table showing the rms noise level versus output signal level for the
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3.14
noise
unwanted variations in the response of an imaging system

3.15

resolution

measure of the ability of a digital image capture system, or a component of a digital image capture system, to
capture fine spatial detail

NOTE Resolution measurement metrics include resolving power, limiting visual resolution, SFR, Modulation Transfer
Function (MTF) and Contrast Transfer Function (CTF).

3.16
sampled imaging system
imag|ng system or device which generates an image signal by sampling an image at ‘an-array of discrete
points, or along a set of discrete lines, rather than a continuum of points

NOTE The sampling at each point is done using a finite size sampling aperture or area.

3.17
sample spacing
physical distance between sampling points or sampling lines

NOTH 1 The sample spacing may be different in the two orthogonal sampling directions.
NOTH 2  Measured in units of distance (e.g. microns, mm).

3.18
sampling frequency
recipfocal of sample spacing

NOTEH This is expressed in samples per unit distance [e.g. dots per inch (dpi)].

3.19
scanher
electfonic device that converts a fixed image, such as a film or film transparency, into an electronic signal

3.20
scar:rer opto-electronic_conversion function
Scanner OECF

relatipnship between.the/input density and the digital output levels for a scanner

3.21
slow|scan direction
direction innwhich the scanner moves the photoelements (perpendicular to the lines of active phofoelements in
a lindar_array image sensor)

3.22

spatial frequency response

SFR

measured amplitude response of an imaging system as a function of relative input spatial frequency

NOTE The SFR is normally represented by a curve of the output response to an input sinusoidal spatial luminance
distribution of unit amplitude, over a range of spatial frequencies. The SFR is normalized to yield a value of 1,0 at a spatial
frequency of 0.

3.23

spectrally neutral
test chart equality of the relative spectral power distributions of the incident and reflected (or transmitted) light

© 1SO 2004 - All rights reserved 3
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3.24
test chart
arrangement

3.25
test pattern

of test patterns designed to test particular characteristics

specified arrangement of spectral reflectance or transmittance characteristics used in measuring an image
quality attribute

3.26
test pattern

types

3.26.1

bi-tonal patllerns

patterns that
or transmitta

NOTE Bi
3.26.2

grey scale p
patterns that
reflectance o

NOTE
3.26.3

spectral pat
patterns tha

are spectrally neutral or effectively spectrally neutral, and consist exclusively of twoyreflec
nce values in a prescribed spatial arrangement

tonal patterns are typically used to measure resolving power, limiting resolution and SFR:
atterns

are spectrally neutral or effectively spectrally neutral, and consist of+a large number of diff
I transmittance values in a prescribed spatial arrangement

Grey scale patterns are typically used to measure opto-electronic conversion functions.

terns
are specified by the spatial arrangement of features with differing spectral reflectan

transmittanc¢ values

NOTE Sy

4 Testc

4.1 Repre
This section
made at vari
100 x 150 m
patches shal

ectral patterns are typically used to measure eolour reproduction.

hart

sentation and recommended size

bus sizes to correspond to popular film sizes. The recommended size for the reflective vers
m and for the transparent version it is 24 x 36 mm that corresponds to the 35 mm film forma
be arranged\to-minimize flare. Flare can be measured as specified in IEC 61966-8 Clause 1

ance

erent

e or

defines the type and.specifications of the test chart depicted in Figure 1. This test chart can be

onis
. The
3.
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4.2

4.21

The t
print

ISO 21550:2004(E)

This target ks iIntended for measuring dynamic range for plctoral flim scanners using methods delined In 1ISO 21550

Figure 1 — Representation of the test chart
The reflective test chart

General characteristics of the test chart

est chart shall be a reflection test chart based on a currént monochrome photographic print
Mmaterial shall be spectrally neutral with tolerances as-specified in ISO 14524, and resistant t

material. The
p fading.

The height and width of the reflection test chart should be no less than 100 mm. Additional white space may

be aq
this |

4.2.2

The {est chart shall include no lessithan 15 grey scale patterns which are necessary to meas

elect

ded to the width or height to include target management data or other test chart elements n|
nternational Standard.

Grey scale patterns

onic conversion function of thie scanner. The density values of the grey patches shall if p

acco
less

The grey patches shall-consist of a homogeneous density. The target manufacturer should state f
each|patch in a table, the density difference between the darkest and the lightest patch. The su
of th¢ density tablée is given in Table A.1. The suggested wording for the density difference is
suitable for méasuring Dynamic ranges up to X.X". For reflective targets the density range sha

than

4.2.3| “Eiducial marks to aid in Scanner OECF measurement

dance with Annex A. The lowest density shall not be higher than 0,15 and the highest densi
han 2,0. The densities’shall be measured as visual densities specified in ISO 5-4.

8.

pt defined by

ire the opto-
pssible be in
y shall be no

he density of
jgested form
“This target
| not be less

The test chart should include fiducial marks in the corners of the central target features. These marks can aid
in the automatic analysis of grey patch and slanted edge features for Scanner OECF measurements.

NOTE

to ver

4.24

ify scanner sampling frequency.

Administrative elements

The vertical/horizontal distance between fiducial marks in Figure 1 is 83,3/12,5 mm. This distance can be used

The test chart should include administrative elements to aid in tracking the genealogy and characteristics of
the test chart being used. These may be items such as manufacturer's insignia, creation date, or barcode that

aids i

© IS0

n populating metadata elements.
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4.3 The transparent test chart

4.31

General characteristics of the test chart

The test chart shall be a transmission test chart based on a current photographic film material. The film
material shall be spectrally neutral with tolerances as specified in ISO 14524, and resistant to fading. If the
material does not fit the tolerances, the relative spectral transmission shall be reported together with the

results.

The height and width of the transparent test chart should be no less than 16,7 mm. Additional white space
may be added to the width or height to include target management data or other test chart elements not

defined by th

The target m
quotient of
measured as
the dynamic

4.3.2 Grey

The test chs
electronic co
accordance

less than 3,6

The target m

darkest and
wording for t

4.3.3 Fiduc

The test cha
in the autom

NOTE TH
verify scanner

Is International Standard.
anufacturer should state the Callier Q factor of the material. The Callier Q factor isgiven g

specified in ISO 5-2. If the Callier Q factor is larger than 1,05 it shall be reportedtogethe
range.

scale patterns

rt shall include no less than 25 grey scale patterns that are necessary to measure the

nversion function of the scanner. The density values of the grey patches shall if possible

vith Annex A. The lowest density shall not be higher than 0,15 and the highest density shall
The densities shall be measured as specified in ISO 5-2.

anufacturer should state the density of each patch inc@ table, the density difference betweg

the lightest patch. The suggested form of the density table is given in Table A.1. The sugg
ne density difference is, “This target suitable for Dynamic ranges up to X.X".

tial marks to aid in automatic SFR and Scanner OECF measurement

't should include fiducial marks in the.corners of the central target features. These marks cza
htic analysis of grey patch and slanted edge features for Scanner OECF measurements.

e vertical/horizontal distance befween fiducial marks in Figure 1 is 20/30 mm. This distance can be u
sampling frequency.

4.3.4 Administrative elements

The test cha
the test char
aids in popul

5 Testc

It should include )administrative elements to aid in tracking the genealogy and characterist
being used. These may be items such as manufacturer's insignia, creation date or bar codg
hting metadata elements.

s the

iffuse density and projection density. The densities to calculate the Callier Q factor shall be

- with

opto-
be in
De No

n the
bsted

n aid

sed to

cs of
, that

bhditions

5.1

General

The following measurement conditions should be used as nominal conditions when measuring the Scanner
OECF. If it is not possible or appropriate to achieve these nominal operating conditions, the actual operating
conditions shall be listed along with the reported results.

5.2 Temperature and relative humidity

The ambient temperature during the acquisition of the test data shall be (23 £ 2) °C, as specified in ISO 554,
and the relative humidity should be (50 + 20) %.

© ISO 2004 — All rights reserved
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5.3 Luminance and colour measurements

For a colour scanner, the OECF measurements and dynamic range calculation should be performed on each
output colour channel separately. If desired, a luminance OECF measurement may be made on a luminance
signal formed from an appropriate combination of the colour records. In either case, the channel on which the

measurement is performed shall be reported.

5.4

Scanner settings

The OECF should be measured with settings as stated in 6.1.

6 llleasuring the Scanner OECF

6.1

The
dens
the d
scan
medi
RGB

A minimum of 10 trials shall be conducted for each Scanner OECF determination. A trial shall ¢

scan
locat
patch
deter
repor
outpt

6.2
The
resol
avoid

]

wher

e~

General

Bcanner OECF shall be calculated from values determined from a test chart (Clause 4) that
ty range higher than the range the scanner is expected to be able to_reproduce. For refle
ensity range shall be higher than the range of typical reflective media_scanned on this sg
ners will automatically adapt to the dynamic range of the scene as reproduced on the film
b and the luminance distribution of the film. The results may alsg, differ if the scan mode is

of the test chart. For each ftrial, the digital output level shall be determined from a 64 x 64
bd at the same relative position in each patch. Identical, non-aligned patches may be ave
with the least scanning artefacts, such as dust\or scan lines, may be used. The Scanr
mined shall be used to calculate the resolution® measurements for this trial. If the Scan
ted, the final digital output level data presented for each step density shall be the mean
t levels for all the trials.

Scanner settings

scans for the determination ofi\the Scanner OECF shall be made in RGB or grey scale
ition set to the maximum_sample frequency [given in dpi or pixels per inch (ppi)] divided by
interpolation.

1k

K = Rmax

a}
C

R is the’scanning resolution;

R is the maximum scanning resolution of the scanner;

max

consists of a
ctive targets,
anner. Many
or reflective
grey scale or

bnsist of one
1) pixel area
raged, or the
er OECF so
her OECF is
of the digital

mode with a
an integer to

(1)

k

is integer value.

The scanner shall be set to automatic adaptation to the dynamic range and the digital values representing the
dark grey patches shall be increased by applying a suitable gamma correction so that the maximum number
of patches can be distinguished.

1) It is possible that with very low resolution scans, the images of the test chart patches will not be large enough to
contain a 64 x 64 pixel area. In this case, the sample area should be slightly smaller than the image of the patch area so
that the effects of imaging the patch edge are not included.

© 1SO 2004 - All rights reserved
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NOTE If the gamma is 1,0 after the automatic adaptation an enhancement to 2,0 using the scanner software in most
cases leads to good results. This is similar to a modification of the gamma curve achieved by dragging the Output value

127 to a value

of 180.

7 Calculation of the scanner dynamic range

7.1 Luminance OECF

A visually weighted OECF shall be derived from the red, green and blue colour records according to the

following equ

ation given in ITU-R BT.709:

Y;=0,21
where

i isth

Y isth

For monochr

26 xR, +0,7152 x G,+0,0722 x B,

e number of grey patch;
e visually weighted output signal.

pbme scans Y, shall be equivalent to the single band data.

7.2 Scanner dynamic range

The dynamio
d=d

r ma

where

7.3 Deter

The signal to

S
N(Xi)

range is calculated from the Scanner OECF by:

- dmin

the scanner dynamic range;

the density where the signal to noise ratio is 1;

mination of the signal to noise ratio

noise ratio is_/determined as given in 6.2.1 of ISO 12232:1998.

B Tigi
i

()

the minimum density whéerethe output signal of the luminance OECF appears to be unclippgd.

where

c; s the standard deviation of the density patch;

g; s the incremental gain of patch i

i is the number of grey patch with i;, as lightest and i, as darkest patch.

T. is the transmission level of patch i;

© ISO 2004 — All rights reserved
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The transmission of a density patch is given as:

7,=10"%

(®)

For colour scanners with luminance and colour-difference outputs the visually weighted standard deviation of
the density patches may be computed from the luminance channel standard deviation o(Y), the red minus
luminance channel standard deviations o(R — Y), and the blue minus luminance channel standard deviation

o(B - Y). The following equation, as specified in 6.2.3 of ISO 12232:1998, shall be used.

1

(6)

(i) = l|:n'(Y\2 +0,640(R-Y)2 +016a(B - Y)ZJE

The ihcremental gain (the rate of change in the output level divided by the rate of change-in_the i
is defermined from the Scanner OECF as follows:

Y, —Y(i+1) Y(i-1)-Y; _ o
' + 2 for i
i [Ti_T(i""]) T(i—1)-T; imin <i <imax

(i )= Y, -Y(@i+1)
P S\ T T )
o (Ya-n-y;
2 (imax ) = (—T(i ~ 1)_TiJ
wherge

4 is the incremental gain of patch j;
Y. is the visually weighted average countdevel of patch i as given in 7.1;
T. is the transmission level of patchias given in 7.4;

]  is the number of grey patehiwith i, as lightest and i ,, as darkest patch.

8 Presentation of results

8.1 | General

The gcan settings' shall be explicitly stated, including

nput density)

(7)

— rrake and model;

— sampling frequency (in samples per mm) in the slow and fast scan directions;
— sharpening setting;

— grey scale or RGB scan mode;

— scan speed; and

— brightness, contrast and gamma correction settings.

For settings that are manufacturer-specific, the manufacturer’s language shall be used.

© 1SO 2004 - All rights reserved
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8.2 Scanner OECF

The results of the Scanner OECF shall be presented in tabular or graphical form. All logarithmic values shall
be base 10. The table heading or figure caption shall indicate the scan settings.

8.21

Table presentation

The table shall report the input densities of all the test chart patches and the mean output levels for the
luminance channel if the scan mode is grey scale or the calculated luminance as given in 7.1 and if the scan
mode is RGB the mean output levels for all three channels.

(Scanner

X, Model Y, 40 samples per millimetre, no sharpening, line illumination, grey scale scansmod
normal scan speed.)

Table 1 — Scanner OECF

QECF Patch Density | Transmission | Visually | Incremental |Standard| Signal to
weighted gain deviation |-noise ratio
output
signal

d T Y g ol S/N(x)
1 0,07 0,85 249,18 3391,79 2,79 1036,47
2 0,07 0,85 248,71 1682,21 3,14 456,63
3 0,08 0,83 249,24 21349 3,30 5,41
4 0,09 0,81 247,91 898,62 3,39 215,47
5 0,09 0,81 24475 950,57 3,46 223,02
6 0,10 0,79 241,84 160,14 3,11 40,87
7 0,13 0,74 234,10 132,08 3,32 29,52
8 0,17 0,68 226,39 142,87 4,05 23,84
9 0,22 0,60 214,07 162,03 4,97 19,65
10 0,31 0,49 196,43 179,36 5,10 17,22
11 0,40 0,40 177,88 196,88 4,88 16,08
12 0,51 0,31 160,83 223,53 4,45 15,51
13 0,71 0,19 131,68 274,10 3,56 15,02
14 0,94 0,11 108,22 367,29 3,77 11,19
15 1,21 0,06 84,73 558,37 3,89 8,85
16 1,55 0,03 62,14 937,42 3,59 7,35
7 186 6,61 44,88 148007 3500 6,81
18 2,18 0,01 32,21 2431,06 2,45 6,56
19 2,74 0,00 17,36 4361,26 3,13 2,53
20 3,15 0,00 11,12 7700,53 3,46 1,57
21 3,56 0,00 6,89 11124,41 4,23 0,72
22 3,94 0,00 4,88 10952,36 4,63 0,27
23 4,21 0,00 4,38 29454,97 4,52 0,40
24 4,38 0,00 3,39 49473,46 4,47 0,46

10

e,
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8.2.2 Graphical presentation

The graphical presentation shall be a plot of the digital output level, or log of the digital output level, vs. the
input densities of all the test chart patches. If the scanning system is a multi-spectral system, the digital output
levels for all spectral bands and the luminance channel used for scanner dynamic range calculation shall be
plotted (see Figure 2).
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Scanner X, Model Y, 40 samples per millimetre in fast and slow scan directions,
no sharpening, grey scale scan mode, normal scan speed.

Figure 2 — Sample Scanner OECF curve for an electronic scanner

8.3 | Scanner dynamic range measurements

The results of the dynamic range 7.2 shall be reported as d,. in densities or as contrast value given as:

0% 1 ®

e.g. if d. 7 densities the contrast is 1000:1.

The stannerdynmamic range for the sampfe scanmer i 8. 115 @, = 3,6 Densities or approx. 40007t

If the Callier Q factor is greater than 1,05 it shall be reported together with the scanner dynamic range.
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