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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MULTIMEDIA SYSTEMS AND EQUIPMENT —
COLOUR MEASUREMENT AND MANAGEMENT -

Part 8: Multimedia colour scanners

FOREWORD

The IEC (International Electrotechnical Commission) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of the IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, the IEC publishes International Standards. Their preparation is
entrusted to technical committees; any IEC National Committee interested in the subject dealt with may
participate in this preparatory work. International, governmental and non-governmental organizations liaising
with the IEC also participate in this preparation. The |IEC collaborates closely with the International
Organization for Standardization (ISO) in accordance with conditions determined by agreement between the
two organizations.

The formal decisions or agreements of the IEC on technical matters express, as nearly as possible, an
international consensus of opinion on the relevant subjects since each technical committee has representation
from all interested National Committees.

The documents produced have the form of recommendations for international use and are published in the form
of standards, technical specifications, technical reports or guides and they are accepted by the National
Committees in that sense.

In order to promote international unification, IEC National Committees undertake to apply IEC International
Standards transparently to the maximum extent possible in their national and regional standards. Any
divergence between the IEC Standard and the corresponding national or regional standard shall be clearly
indicated in the latter.

The IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with one of its standards.

Attention is drawn to the possibility that some of the elements of this international standard may be the subject
of patent rights. The IEC shall not be held responsible for identifying any or all such patent rights.

International Standard IEC 61966-8 has been prepared by IEC technical committee 100:
Audio, video and multimedia systems and equipment.

The text of this standard is based on the following documents:

FDIS Report on voting
100/192/FDIS 100/218/RVD

Full information on the voting for the approval of this standard can be found in the report on
voting indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 3.
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IEC 61966 consists of the following parts, under the general title: Multimedia systems and

equipment — Colour measurement and management:

Part 1: Generall

Part 2-0: Colour management in multimedia systems®

Part 2-1: Colour management — Default RGB colour space — sRGB
Part 2-2: Colour management — Extended RGB colour space — sRGB64*
Part 2-3: Colour management — Default YCC colour space — sycct
Part 3: Equipment using cathode ray tubes

Part 4: Equipment using liquid crystal display panels

Part 5: Equipment using plasma display panels1

Part 6: Equipment used for digital image projectionl

Part 7-1: Colour printers — Reflective prints — RGB inputs1

Part 7-2: Colour printers — Reflective prints — CMYK input1

Part 7-3: Colour printers — Transparent prints1

Part 8: Multimedia colour scanners®

Part 9: Digital cameras

Part 10: Quality assessment — Colour image in network systems1

Part 11: Quality assessment — Impaired video in network systems1

Annexes A and B form integral parts of this standard.

Annex C is for information only.

The committee has decided that the contents of this publication will remain unchanged until

2003. At this date, the publication will be

reconfirmed;

withdrawn;

replaced by a revised edition, or
amended.

A bilingual version of this standard may be issued at a later date.

1 7o be published.
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INTRODUCTION

This introduction is intended to distinguish the field of application of ISO 12641 and
IEC 61966-8.

In order to standardize the calibration procedure for input scanners used in the printing and
prepress industry, 1ISO 12641 was published in 1997. This part of IEC 61966 targets colour
scanners for multimedia applications by providing characterization data necessary for colour
management in open multimedia systems. It characterizes any multimedia colour scanners for
consumer use, typically being connected to personal computers so as to capture colour
images and display the colour information, either locally or distributed worldwide.

In such applications, colour management is important. Any red — green — blue data should
have their colorimetric attributes clearly specified. The characterization data reported from
this part of IEC 61966 will be used for the calculation of equipment specific colorimetric
characterization so that colour management in open systems can be conducted.

The capture of colour information in a prepress input scanner usually assumes that the source
is a positive film (transparent) original. The second most common type of original is positive
photographic printing paper (reflective). Recently, prepress input scanners can support
various types of reflective originals in addition to printing paper and can also capture an
image directly from a negative film, although this is not yet very common. Due to these
circumstances, ISO 12641 was established for prepress digital data exchange corresponding
to transparent and reflective originals. However, a standard colour target for transparent film
negative originals has not yet been established.

Spectral sensitivity characteristics of prepress scanners are not derived from the calculation
based on a special colour system or the spectral distribution of printing ink; but are base
signals relatively close to the three primary colours (red, green, blue) acquired for calibration
purposes. The characteristics of the prepress input scanners are guaranteed by the
experience of the operator or the sophistication of the colour processing application so that
subtle variations among the colours appear in the printed result. In fact, printing and prepress
scanners have many settings that are made available to professional users, and the operator
can control the input scanner characteristics in a non-linear fashion to suit their objectives. In
older input scanners, these controls were part of the stand-alone scanner system itself. For
the scanners of the printing industry, these controls are typically part of the colour processing
application software which processes the signals after capture and transfers them to the
general purpose computer (workstation or server). In other words, a highly experienced and
skilled operator can adjust the settings to freely change scanner characteristics such as tone
and colour separation as he desires. Furthermore, scanner characteristics can be changed to
correct and compensate for the characteristics of the original image target, such as colour
fogging, as well as absorb them, and the operator can even change scanner colour separation
conditions (typically cyan, yellow, magenta and black) in anticipation of the later printing
process so as to obtain the most feasible printed result. As such, on the site of the prepress
scanner, good colour separation (reproduction) is and has been dependent on the skill of the
operator.

All prepress input scanners show variation in colour sensitivity characteristics depending on
types, manufacturers, manufactured time and condition. Prepress input scanners tend to show
less variation than other general-purpose multimedia colour scanners because of their usage
in critical colour capturing in a closed system in comparison with the worldwide open system
such as the Internet. There has never been an attempt to standardize the colour character-
istics of prepress input scanners put on the market by different manufacturers.
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However, it is demanded that the printing process should produce essentially the same
results from the same original regardless of the input scanner used. This demand has been
accomplished by the skill of the operator. For this reason, the process of scanning, including
colour processing for the raw data, should involve the human operator, and the total system
be considered as one system. In this human-machine interaction system, the characteristics
can be understood as unified or standardized.

Under these circumstances, and in consideration of the actual work process, ISO/TC 130
(Graphic technology) has established a method using a colour target as stipulated in
ISO 12641 for prepress input scanner calibration that includes functions capable of handling
colour changes accompanying local distortions in colour regions. These targets for both
positive reflective material (photographic printing paper) and positive transmission material
(photographic film) are implemented by the photographic manufacturers on their specific
materials of their particular products.

Multimedia colour scanners for general use which are much less expensive in comparison
with prepress input scanners, are available for small office/home office personal computers.
Targets for scanning are not specified as in prepress input scanners. Images of natural
objects such as the petals of violets, green plants or human skin will be most important. As
many of the users of multimedia colour scanners are not colour experts, it is preferable to
have an automatic system requiring minimal adjustment. The manufacturers of this type of
colour scanner do not provide colorimetric specifications of the red — green — blue data
obtained from their scanner on one hand. On the other hand, the data obtained from the
multimedia colour scanner are easily compressible and compatible to the World Wide Web
and anonymous users will use the colour information in colour reproduction without having
available the specific features of the original generator.

Prepress scanners have been used for many years in the printing and prepress industry and
an environment has already been created in which only prepress scanners meeting certain
critical criteria are selected. This being the case, there is no need for a new evaluation of pre-
press input scanner performance. In such an environment, however, the maintenance of input
scanner quality is important and it is necessary and sufficient to calibrate a scanner using the
appropriate target. The internationally standardized target in ISO 12641 exists for this
purpose.

However, open multimedia systems and composing equipment creates a new environment
different from the conventional printing industry, and the colour scanners used for multimedia
systems have not undergone a similar evaluation process in related industries. In the multi-
media environment, it is assumed that multimedia colour scanners will be used for a variety of
purposes. This means that the initially assumed environment will vary and the functions
required for individual multimedia colour scanners will also vary. In other words, the
multimedia colour scanners supplied to the market and bought by general users might be
designed for different purposes and will not all assure the same quality and characteristics.
This will not be the case if multimedia colour scanner specifications are unified in the future;
however, there is currently no movement in this direction.

Therefore, it would be a great advantage to the general user, if he could evaluate the
characteristics of the multimedia colour scanner he is about to buy and judge whether it suits
his purpose. In other words, knowing the colour reproduction characteristics of each scanner
before making a decision, would allow the user to select a multimedia colour scanner having
characteristics suited to his purpose.

While there is hope that scanners used in a multimedia environment will undergo critical
evaluation in the market over time, the ability to quantitatively evaluate the colour reproduc-
tion of such multimedia colour scanners would be of direct benefit to the critical issue of
colour management that we now face.

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT



- 8- 61966-8 [ IEC:2001(E)

The purpose of IEC 61966-8 is to provide a method for evaluating the colour reproduction of
multimedia colour scanners used in a multimedia environment and allows the specification of
their colour reproduction characteristics from spectral transmission functions, which can be
used for colour management. In an environment such as multimedia that has not yet matured
and is constantly developing, the most critical consideration is determining whether or not a
multimedia colour scanner is suited to the intended purpose. For this reason, IEC 61966-8
must be viewed separately from strict standards (such as ISO 12641) applicable to the
equipment once characteristics have reached a certain level. As such, IEC 61966-8 is
presented as a critical, though interim tool, during the undetermined period of evolution of
these types of scanners.

Colour control within the equipment is out of the scope of this part. This is because the output
data of a multimedia colour scanner depend on the spectral characteristics of the colour
pigments or colour inks of the original and a large variety of originals with different pigments
or inks has to be considered in office and multimedia applications, for example, photographic
colour pigments, offset printing colours, ink jet colours, painting art colours, etc. The output
data of the multimedia colour scanner are the result of the spectral reflection of a colour of a
document under the in-built light source and the respective selection by the spectral
sensitivity curves of the three sensor channels of the multimedia colour scanner. Since the
spectral sensitivity curves of multimedia colour scanners do not fit a linear combination of the
colour matching functions in ISO/CIE 10527, metameric colours scanned from different colour
originals will result in different output data.

Due to this fact, colour control and management requires the restriction to certain classes of
colour inks of the originals to be scanned. The multimedia colour scanner characterization of
this standard therefore focuses on the characterization of spectral transfer functions of the
three channels as multiband sensitivities and achromatic tone characteristics. This enables
the user of the standard to optimize colour management for his own class of originals. An
example for the use of the spectral characterization defined in this standard to specify sRGB
values according to IEC 61966-2-1 is given in annex C.
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MULTIMEDIA SYSTEMS AND EQUIPMENT -
COLOUR MEASUREMENT AND MANAGEMENT -

Part 8: Multimedia colour scanners

1 Scope and object

This part 8 of IEC 61966 is applicable to the characterization and assessment of multimedia
colour scanners used in computer systems, multimedia and similar applications.

The methods of measurement standardized in this part are designed to make possible the
characterization and objective performance assessment of multimedia colour scanners which
can capture colour images and output colour information such as red, green and blue data
from reflective originals. The measured results are intended to be used for the purpose of
colour management in multimedia systems. Measurement conditions, possible methods of
measurement and characterization are defined to make colour management possible.

Colour control within the equipment is out of the scope of this part. For calibration of prepress
input scanners, 1ISO 12641 will be applied.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 61966. For dated references, subsequent
amendments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this part of IEC 61966 are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of IEC
and ISO maintain registers of currently valid International Standards.

IEC 60050(845)/CIE 17.4:1987, International Electrotechnical Vocabulary (IEV) — Chapter 845:
Lighting — International Lighting Vocabulary (IEC/CIE joint publication)

IEC 61966-2-1:1999, Multimedia systems and equipment — Colour measurement and
management — Part 2-1: Colour management — Default RGB colour space — sRGB

CIE 15.2:1986, Colorimetry

ISO 5-4:1995, Photography — Density measurements — Part 4: Geometric conditions for
reflection density

ISO 9241-8:1997, Ergonomic requirements for office work with visual display terminals (VDTS)
— Part 8: Requirements for displayed colours

ISO 12641:1997, Graphic technology — Prepress digital data exchange — Colour targets for
input scanners calibration

ISO 13655:1996, Graphic technology — Spectral measurement and colorimetric computation
for graphic arts images

ISO/CIE 10527:1991, CIE standard colorimetric observers
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3 Terms and definitions

For the purpose of this part of IEC 61966, the definitions given in IEC 60050(845)/CIE 17.4
and the following apply.

3.1
illuminant E
illuminant of constant spectral power distribution S, =1 where S, represents the relative

radiant power in the n-th interval per 10 nm bandwidth

3.2

input scanner

equipment capable of converting the light reflected by a photographic paper into electronic
signals, where the electronic signals are arranged to have an organized relationship to the
spatial areas of the paper evaluated

3.3

multimedia colour scanner

electrotechnical equipment with a light source illuminating a scanning area where an original
is placed, which provides means to sense colour signals from the light reflected from specified
picture elements within the scanning area in digital form as output data

3.4

driver software

computational function to control the multimedia colour scanner from internal parameters and
parameters specified by the user such as scaling of scan, spatial resolution, etc. comprising a
colour control function to convert the colour signals of the multimedia colour scanner into
approximate components of a defined colour space such as the sRGB colour space in
IEC 61966-2-1 or an equipment independent colour space such as the CIE 1931 XYZ colour
space or the CIELAB colour space in CIE 15.2

3.5
light flux
incident radiant power valued by physical spectral responsivities

3.6

scanning area

dimension of the area to be scanned, given in square centimetres or the number of resolved
picture elements along the vertical and the horizontal directions from which digital image data
are made readily available at the output

3.7
spatial resolution
number of picture elements used to describe a region of an image of fixed spatial size

3.8
scaling of scan
magnification or reduction of pieces of the scanning area and corresponding image data

3.9

target

image composed of grey patches or colour patches for use in the measurement for
characterization of multimedia colour scanners
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3.10
original

reflective material, for example, a sheet of paper, a photograph, a hardcopy, etc. to be
scanned to obtain corresponding red, green and blue data

4 Letters and symbols

The notations consistently adopted in this part of IEC 61966 are summarized below.

rkn .

normalized light flux reflected from the target and captured by the red channel. See
also 3.5 for the definition of light flux

normalized light flux reflected from the target and captured by the green channel. See
also 3.5 for the definition of light flux

normalized light flux reflected from the target and captured by the blue channel. See
also 3.5 for the definition of light flux

integer data obtained from the red channel of the multimedia colour scanner
averaged for more than 10 x 10 picture elements corresponding to the centre of a
patch of the target

integer data obtained from the green channel of the multimedia colour scanner
averaged for more than 10 x 10 picture elements corresponding to the centre of a
patch of the target

integer data obtained from the blue channel of the multimedia colour scanner
averaged for more than 10 x 10 picture elements corresponding to the centre of a
patch of the target

normalized Dy by 2N -1
normalized Dg by 2N -1

normalized Dg by 2N -1

the number of bits per channel

luminance factor. One of the tristimulus values in the CIE 1931 XYZ colour space
with the reference illuminant E

the n-th wavelength at the centre of 10 nm wavelength band
spectral power of a built-in light source at the centre wavelength A,

physical spectral sensitivities at the centre wavelength A, of the red channel
physical spectral sensitivities at the centre wavelength A, of the green channel
physical spectral sensitivities at the centre wavelength A, of the blue channel

effective spectral sensitivities at the centre wavelength A, as response of light flux
being captured by the red channel; it is a linear combination of PR, Pa, and PB,,

effective spectral sensitivities at the centre wavelength A, as response of light flux
being captured by the green channel; it is a linear combination of PR, Pc, and PB,,

effective spectral sensitivities at the centre wavelength A, as response of light flux
being captured by the blue channel; it is a linear combination of PR, Pa, and PB,,

spectral reflectance of the k-th colour patch at the centre wavelength A,

the number of usable colour patches
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5 Conditions

5.1 General conditions

Unless otherwise specified, automatic functions shall be disabled to prevent the multimedia
colour scanner from responding automatically to the target and from establishing scanning
conditions. This condition shall not be changed during the period of the test.

The scaling of scan shall be set to unity. Resolution of scanning shall be set to the maximum
spatial resolution. The multimedia colour scanner shall be powered on 1 h before the measure-
ment, except for the measurement in clause 12.

Environmental conditions such as temperature and relative humidity shall be reported
together with the results of measurement. If additional environmental conditions are described
in the manufacturer’s specifications, these should be taken into account.

Unless otherwise stated in this standard, conditions of measurement shall be set to the
conditions recommended by the manufacturer as default conditions.

5.2  Output digital image data

Red — green — blue digital image data, Dg, Dg, Dg, corresponding to the target shall be

used as basic data for reporting and further processing of the data. If direct output from the
multimedia colour scanner is not available, red — green — blue data shall be calculated using
the driver software provided or specified by the manufacturer of the equipment being
characterized.

When a general-purpose software is used for handling the raw data, its name and version
number shall be reported together with the results of measurements.

6 Measurement equipment and target of scan

6.1 Spectrophotometer
A spectrophotometer with the following specifications shall be used for the measurements.

a) Wavelength range and interval: minimum range between 400 nm and 700 nm at 10 nm
intervals, measurements beyond the minimum range are
permissible.

b) Geometry: 45°/0° or 0°/45° per ISO 5-4.

The guidance in ISO 13655 shall be taken into account as appropriate.

6.2 Spectroradiometer

A one-shot spectroradiometer, which picks up spectral data in parallel at a certain time, with
the following specifications shall be used for the measurement of spectral distribution of the
built-in light source in clause 7.

a) Wavelength range and interval: minimum range between 400 nm and 700 nm at 10 nm
intervals, measurements beyond the minimum range are permissible.

b) Built-in calibrated spectral reference table.

c) Mobile sensor head to be placed on the scanning area.
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6.3 Specification of the target

A special reflective target shall be used for the measurements in clauses 8 and 10. The layout
of the target is shown in figure 1. The basic format is 12,7 cm x 17,8 cm in accordance with
the ISO 12641. There are 12 rows and 22 columns of colour patches with the size of 6,5 mm
x 6,5 mm. The patches at the addresses Al to L22 are filled with selected printing colours of
high saturation and strong variation of their spectral reflection.

An achromatic neutral scale lying along the bottom of the target has lightness values
according to 1ISO 12641. The patch located to the left of step one of the grey scale (column
zero) has the highest lightness value. The patch to the right of the 24th step (column 23) of
the grey scale is of the lowest lightness value.

NOTE It is most important for the application in this standard that the neutral grey scale is printed from a single
black colourant to assure that the spectral reflectances of the patches of the grey scale from light to dark just differ
by a luminance factor.

[T 1 2 345 6 7 8 9 101112 1314151617 181920 2122 ]
A
B
C
D
E
F
G
H
|
J
K
L
1 (I
IEC 61966-8 Color Scanner Characterization Target

IEC 124/01
Figure 1 — Specification of the target for characterization of multimedia colour scanners

Calibrated targets are the targets with measured spectral reflection of each patch on the basis
of a calibrated spectrophotometer as specified in 6.1. The luminance factor Y of each patch
of the grey scale shall be calculated in reference to the illuminant E. The tristimulus values of
each colour patch at addresses from Al to L22 and the grey scale patches in the CIE 1931
XYZ colour space or the values in the CIELAB colour space calculated in reference to the
illuminant E shall be given together with the actual target being used for characterization.

NOTE The illuminant E is the simplest illuminant which provides equally bright spectral radiant power as defined
in 3.1. Under the assumption that the grey scale is neutral as specified, it does not matter which illuminant is used.

In the algorithm incorporated in IEC 61966-8, the Y values are used as relative factors just describing the relative
response of the red, green and blue channels for the patches of the grey scale.

The multiband spectral reflection shall be specified according to the example of table 1 and its
graphical representation of figure 2 at 10 nm intervals from 400 nm to 700 nm. The white
reference of the spectrophotometer, normally barium sulfate or equivalent, shall be used for
normalization.
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Table 1 — Example of areporting form of a spectral table

n An (nm) . n An (nm) M

1 400 0,2358 17 560 0,1748
2 410 0,2474 18 570 0,2700
3 420 0,2377 19 580 0,3827
4 430 0,1993 20 590 0,4881
5 440 0,1517 21 600 0,5756
6 450 0,1129 22 610 0,6194
7 460 0,0827 23 620 0,6402
8 470 0,0629 24 630 0,6533
9 480 0,0507 25 640 0,6605
10 490 0,0437 26 650 0,6662
11 500 0,0419 27 660 0,6697
12 510 0,0441 28 670 0,6700
13 520 0,0526 29 680 0,6704
14 530 0,0697 30 690 0,6742
15 540 0,0957 31 700 0,6807
16 550 0,1253

Spectral values are understood to represent the spectral energy in the 10 nm interval around

the centre wavelengths.
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| |
650 700

IEC 125/01

Figure 2 — Example of graphical representation of multiband spectral reflection of a colour patch
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7 Spectral power distribution of the built-in light source

7.1 Characteristics to be measured

Spectral power distribution S(A,) =S, of the built-in light source normalized by S;g for the
wavelength A, for the wavelength range from 400 nm to 700 nm at 10 nm intervals denoted

by n being from 1 for the interval centred at 400 nm to n=31 for the interval centred at
700 nm with reference to the illuminant E.

NOTE |If it is not possible to measure the spectral power distribution of the built-in light source(s) of the
multimedia colour scanner, the following measurement as in clause 7 may be skipped. In this case, the spectral
characteristics of the unknown light source should be reported as in table 2 and figure 3 and should be set to unity,
which will be used as in clause 10.

7.2 Measurement conditions

The spectroradiometer shall be used for the measurement with the sensor head placed at the
centre of the scanning area (the position i =1), the sensitive area of the head parallel to the
scanning area, and the eight positions from i =2 to i =9 half way out of the centre of the
scanning area according to figure 3.

IEC 126/01

Figure 3 — Scanning area and the points of measurement

If the points of measurement are not accessible due to mechanical reasons, deviated points
of measurement shall be reported.

7.3 Presentation of results

a) The average values S, of the measured values S; of the nine locations,

1 9
n:§Z%

shall be calculated and reported as in table 2 together with wavelength A .
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Table 2 — Example of multiband spectral characteristics of the light source

n A (nm) Sy n Ap (nm) Sy
1 400 0,006 17 560 0,134
2 410 0,025 18 570 0,033
3 420 0,089 19 580 0,081
4 430 0,211 20 590 0,334
5 440 0,367 21 600 0,311
6 450 0,459 22 610 0,144
7 460 0,475 23 620 0,209
8 470 0,415 24 630 0,392
9 480 0,324 25 640 0,063
10 490 0,532 26 650 0,049
11 500 0,372 27 660 0,038
12 510 0,316 28 670 0,036
13 520 0,365 29 680 0,050
14 530 0,242 30 690 0,016
15 540 0,317 31 700 0,025
16 550 1,000

b) The average values S, shall also be graphically presented as exemplified in figure 3,
where the horizontal axis is the wavelength in nanometres and the vertical axis denotes

the normalized spectral values.
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IEC 127/01

Figure 4 — Example of the normalized spectral power distribution of the built-in light source
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8 Tone characteristics

8.1 Characteristics to be measured

Relationship between the normalized light flux, dJRi , qJGi and dJBi, reflected from the grey

patches of the grey scale of the target and captured by the red, green and blue channels and
output digital image data of the red, green and blue channels normalized to their maximimum
values as follows for N -bit quantization per channel; dg, (®g,), dg, (PR, ) and dg (®p,).

dr, =Dg, /(2" -1)
dg, =Dg, /(2" -1)
dg, = Dg, /(2N -1

The grey patches are denoted by the column number i =0 to i =23 from left to right in the
target shown in figure 1.

8.2 Measurement conditions

a) The target shall be placed over the surface at the centre of the scanning area.

b) A non-linear function applied to the output digital image data by the driver software should
be set to unity wherever possible.

c) The red, green and blue data of the channels of the multimedia colour scanner should be
set to 0,96 of the maximum data value for the mean measurements of the patch of the
grey scale with the highest reflectance wherever adjustable (245 in 8-bit quantization for
each channel). If it is not adjustable, a respective remark shall be made in the report of
the measurement.

8.3 Method of measurement

a) The multiband spectral reflectance of each grey patch shall be measured using the
spectrophotometer. One of the tristimulus values Y in the CIE 1931 XYZ colour space for
iluminant E shall be calculated from the spectral reflectances and normalized to get Y; so

that the value of Yy =10.
NOTE For these measurements, the normalized Y; values are used to represent the normalized light flux @

captured by the red — green — blue channels with respective spectral sensitivities. This assumes constant
multiband spectral distribution of the grey patches of the target, and ®r, 0Y;, ®g, OYj and ®g, Y.

b) The red, green and blue data of the channels of the multimedia colour scanner for more
than 10 x 10 picture elements corresponding to the centre of the grey patches shall be
averaged to obtain Dgr,, Dg, and Dg, for the grey patch i.

c) The scan shall be repeated 10 times for each of the grey patches and the red, green and
blue data of the channels shall be averaged.

d) The measured and averaged data shall be normalized as in 8.1 and shall be recorded.

8.4 Calculation of results

A set of coefficients (ro,rl,rz,r3,r4) of the 4™ order polynomial for the red channel, coefficients
(go,gl,gz,g3,g4) for the green channel and coefficients (bo,bl,bz,b3,b4) for the blue channel
shall be calculated according to the method of the least squares as follows.
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M

] M-1 M-1 -1 M -1
(ro rl’r2 r3 r4 t:M_l&dRﬂZdaYﬁ ;dRYf’ZdRi 3’ dR 4% 1)

19”2 dg; ZdGYi,ZdGYZ,ZdGYg’,ZdGYA'H 2)

(go 01.92,03, 94 t=

‘19/'2 ds, . ZdBYi, Z dg, ¥i%, ZdB Y3, ZdB Y“9 (3)

(bo. by, bz, b3, by ) =

where values dg,, dg,

. and dg, correspond to the values Dg,, Dg and Dg, normalized by

2N -1, respectively , and M is the number of grey patches used in calculation.

The common matrix M is a 5 x 5 matrix with elements ny; defined as in equation (4).

T (-D+(i-D)
i— _
mij = ZYk J
k=0 (4)
8.5 Presentation of results
a) The calculated coefficients shall be reported as shown in table 3.

Table 3 — Example of areporting form of the polynomial coefficients of the red, green and
blue channels

Index (i) | Red channel (I{) | Green channel (g;) Blue channel (by)
0 0,010 753 0,012 568 0,017 003
1 0,973 467 1,035 753 0,954 590
2 0,894 595 0,310 046 1,045 692
3 -1,560 279 -0,121 839 -2,004 106
4 1,217 356 0,136 919 1,453 908

b) The results of the polynomial characterization shall be reported in mathematical form with

scaling factors applied as follows:

dR(CDR) =rg t+ flCDR + rzdbé + r3<D§ + I'4(Dé

dg(®g)=9go + 91%c + 92‘Dé + 93‘1’?{; + 94q’é

dB((DB) = bO +bl¢)B +b2¢)§ +b3¢§ +b4(fDLB1

(5)

Data ®r, ®g and ®g denote the normalized light flux captured by the red, green and
These responses are given by the light reflected from the scanned grey

blue channels.
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chips, picked up by the channels and weighted with the respective spectral channel
sensitivities.

Graphical representations as shown in figure 4 shall also be reported, where the horizon-
tal axis is the normalized light flux ®g, ®g and ®g, and the vertical axis is the evaluated

values dgr, dg and dg of the polynomials in equation (5) with measured and normalized
values as points.
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Figure 5 — Example of reporting form of tone characteristics, light flux ® vs. output data
9 Inverse tone characteristics

9.1 Characteristics to be calculated

Relationship between the normalized output data dg, dg and dg and normalized light flux
Pr(dR), Pg(dg) and dg(dg) captured by the red, green and blue channels.

9.2 Method of calculation

A set of coefficients (rg, rl*, rg, rgf, ri) for the red channel, coefficients (gs, gI, g;, gg, gZ) for

the green channel and coefficients (ba, bf b;, b§, bZ) for the blue channel of polynomials of
degree four shall be calculated according to the method of the least squares as follows:

(r* rn,fa.r3 r*)t _1s S Yz, Syl S v :
0:'1,1'2,13:74 RHZO v_ZlR Z iVR; ZIR ZIRH
1=

(6)
(gé,gi,gé,gé,gl)t GHWZ .,ZY&'G,ZYd2 ZYd3 Z\ﬁdé%

(7)
b i =05 S e S, S

(8)

where Y; is considered to be the channel stimulus and dg,, dg, and dg, are the normalized

output data from the red, green and blue channels recorded in 8.3 d), and M is the number of
data used for calculation.
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Tr, Tg and Tg are 5 x 5 matrices with elements Ry o and tg; of the form:

M-1

— (i-D+(j-D
tRy = Zde
K=0

"S-+
tGIJ = kZOde

"D+
tg; = D dg,
K= ©)

9.3 Presentation of results

The calculated coefficients shall be reported as shown in table 4 and in polynomial form:

®r(dr) =T +1y dg +rpd3 +r3d3 +r d2
®g(dg) = 9o + 91dg +92d3 +93d3 +gadd
®g(dg) = by +bydg +byd2 +b3dS +bjyd? (10)

where data dg, dg and dg are the normalized output data produced by the normalized light
flux ®r, ®5 and g, considered to be captured by the red, green and blue channels,

respectively. The results represent the polynomial transformation from normalized output data
to captured light flux of the red, green and blue channels.

Table 4 — Example of reporting form of the polynomial coefficients of the red, green and
blue channels

Index (i) | Red channel (I’i*) Green channel (gi*) Blue channel (bi*)

0
1
2
3
4

10 Spectral responsivity characteristics

10.1 Characteristics to be measured

Effective spectral sensitivities sz , sg, and sg  as multiband of wavelength response of light

flux captured by red, green and blue channels and overall spectral characteristics of
multimedia colour scanners.

NOTE The algorithm in clause 10 will automatically calculate the overall responsivity of the multimedia colour
scanner taking into account the spectral power distribution of the built-in light source, yet, an effect of strong
spikes of the actual built-in light source will not be reproduced in the results when it is not measured and reported
as in clause 7. The algorithm reproduces responsivities with limited non-smoothness and averaged spikes.
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10.2 Measurement conditions

a)
b)

c)

The scanning target shall be placed over the centre of the scanning area.

A non-linear adjustment, if there is any, applied to the output digital image data by the
driver software shall be the same as in the measurement in clause 8.

The red, green and blue data of the channels of the multimedia colour scanner shall be set
to 0,96 of the maximum value (245 at 8-bit quantization for each channel) for the
measurement of the patch of the grey scale with maximum reflectance (white reference).

10.3 Method of measurement

a)

b)

c)

d)

e)

Spectral characteristics, rj(Ap) =r;, , of each colour patch composing the target with row

numbers i =1...12 corresponding to rows A to L and column number j=1..22 (see figure 1)

shall be measured by the spectrophotometer over the wavelength range from 400 nm to
700 nm in 10 nm steps denoted by n=1...31.

Red — green — blue output data of more than 10 x 10 picture elements corresponding to
the centre of the colour patches shall be averaged to obtain the output values DRij , DG”.

and DBij , respectively.

Only colour patches that provide the output data DR”. , DG”. and DB”. between 2 % and

96 % of the maximum value (i.e. between 5 and 245 in 8-bit quantization for each channel)
shall be used and the other data shall be excluded. The remaining data are denoted as
Dry: Dg, and Dg, , where k=1..K and K <264.

NOTE There will be 88 different colours of large chroma values in rows E, F, G, H in the target. A similar set
of colours are available with reduced lightness of the bright colours and the dark colours of small chroma
values in rows A, B, C, D (10 % reduction) and rows I, J, K, L (20 % reduction). If too many output data
corresponding to colours of the target are excluded, the spectral responsivity characterization of the
multimedia colour scanner in this clause will not work.

Normalized light flux values ®g, , ®g, , ®g,  shall be calculated from the normalized

output dg,, dg, and dg, using the polynomials corresponding to the inverse tone

k
characteristics expressed in equation (10).

The multiband spectral responsitivity characteristics of the multimedia colour scanner R, >
sc, and sg_ for the red, green and blue channels shall be estimated as a solution of the

minimum error algorithm shown in annex A, using all of the multiband spectral reflectance
characteristics of the colour patches rc(Ay) =ry , the multiband spectral power distribution
S(Ap) =S, of the built-in light source reported in 7.3, and the averaged and normalized

red, green and blue output data dg,, dg, and dg,_ for the k-th colour patch. If the

multiband spectral power distribution is not available from 7.3, S, =1 shall be used.

NOTE The estimation algorithm for the minimum error algorithm is based on the linear programming using the
simplex algorithm. See detailed description shown in annex A and available software in the bibliography.

10.4 Presentation of results

a)

Multiband integrated responsitivity characteristics sz , sg, and sg  shall be reported as
in table 5 together with step n and centre wavelength A,.
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n A, Sk, S, Se,

1 400 -0,002 971 0,010 477 0,146 219
2 410 -0,002 512 0,006 859 0,136 913
3 420 —-0,002 052 0,003 241 0,127 606
4 430 —-0,001 593 —-0,000 378 0,118 300
5 440 —-0,001 133 —-0,003 996 0,108 994
6 450 —-0,000 516 -0,002 730 0,096 202
7 460 0,000 260 0,003 422 0,079 917
8 470 0,000 952 0,013 436 0,062 620
9 480 0,001 316 0,026 288 0,046 794
10 490 0,001 353 0,041 977 0,032 439
11 500 0,001 062 0,060 504 0,019 553
12 510 —-0,001 193 0,080 104 0,008 976
13 520 —-0,003 607 0,094 817 0,001 892
14 530 —0,004 480 0,103 493 -0,001 775
15 540 -0,002 112 0,104 982 —-0,002 097
16 550 0,003 498 0,099 285 0,000 925
17 560 0,012 686 0,087 826 0,003 839
18 570 0,025 601 0,071 230 0,005 133
19 580 0,040 398 0,054 249 0,004 498
20 590 0,055 245 0,038 145 0,003 618
21 600 0,066 608 0,028 202 0,001 875
22 610 0,076 271 0,019 410 0,000 207
23 620 0,083 991 0,010 743 0,001 095
24 630 0,089 376 0,003 800 0,003 577
25 640 0,091 276 0,003 020 0,005 196
26 650 0,091 477 0,003 389 0,006 890
27 660 0,089 978 0,004 908 0,008 658
28 670 0,086 779 0,007 578 0,010 501
29 680 0,083 580 0,010 247 0,012 344
30 690 0,080 381 0,012 917 0,014 186
31 700 0,077 183 0,015 586 0,016 029
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b) The responsitivity characteristics shall also be plotted as steps, as shown in figure 5 as an
example for the red channel with bands centred at wavelengths 400 nm to 700 nm at
10 nm intervals.
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Figure 6 — An example of multiband spectral responsivity, Sg, Sg and sg
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c) Multiband overall responsitivity characteristics Sysg . Sysg, and S;sg, shall also be

reported as in figure 6 taking into account the multiband spectral power distribution of the
built-in light source reported in 7.3.

NOTE If the multiband spectral power distribution of the built-in light source is not measured and reported as
in 7.3, this item is not applicable.

0,351 T T T T T T

0,3 4

o
N
o

o
N

o
=

o
o
a

Normalized responsivity (red)
o
-
ol

1 1 1 1 1 1 1
400 450 500 550 600 650 700
Wavelength (nm)

Figure 7a - Red channel IEC 152/01
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Figure 7b - Green channel
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Figure 7 — Example of a reporting form of the overall multiband spectral responsitivity, SnsRn,

SnSe, and Syss,

11 Spatial non-uniformity

11.1 Characteristics to be measured

Dependency on scanning position in terms of colour reproduction.

11.2 Measurement conditions

a) A grey sheet of paper with reflectance between 60 % and 80 % shall be used for the
measurements as the target.

NOTE It is recommended that uniformity of greyness should be AE;b < 05 between the centre of the paper
(point 13) and any of the 24 other points across the paper.

b) The target shall be placed over the surface at the centre of the scanning area so that no
space or air gap exists between them as far as possible.

11.3 Method of measurement

a) The uniform grey target shall be scanned and the mean values of more than 10 x 10
picture elements shall be calculated and recorded for peripherals at 25 points indicated in
figure 7, where h and w are height and width, respectively, of the whole scanning area.
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Figure 8 — Measurement points for spatial non-uniformity

NOTE |If a single sheet of the uniform scanning target does not cover the whole scanning area, the same
target may be moved and replaced to acquire the necessary data for the whole area.

Output data Dg,, Dg, and Dg, corresponding to the position i shall be used if the

specification of an RGB colorimetric specification of the equipment under measurement is
not provided by the manufacturer and mean square deviations from the centre point
(i =13) shall be calculated for each component.

Alternately, the tristimulus values X;, Y;, Z; defined in CIE 15.2 shall be calculated based
on the RGB specification of the multimedia colour scanner provided by the manufacturer.

In that case, the following colour differences in CIE 1976 UCS and CIE 1976 L'a’b" colour
space shall be calculated with a reference to the data X;3, Yi3, Z;3, which correspond to

the centre of the scanning area.

Auj = Ui —ug

Avi = Vi -vi3
Au'vi = ﬂAui'z +Avi'2

AL = L -Lig

x \/ 2 %2 \/ 2 k2
ACqy = V& +b —yaz +byg

where u',v' and L*, a*, b* are defined by CIE 15.2 as in
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w o= MK
' X; +15Y; +3Z;
Vi = M
' X; +15Y; +3Z,
1
L = 116%:(453 -16
13

O

N 50012

o
I

X

i

w

I:DEQ‘H
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P | <

w

LLLE)

200"

el
|
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EDEQ“_‘

oot goooo

_U*
I
DEE%HD O
= =<
w

X Y: Z;
NOTE These equations are valid for —— = 0,008 856, ——>0,008 856 and —— = 0,008 856 .
X13 Y13 213

11.4 Presentation of results

The original data Dg, Dg and Dg and the respective mean square deviations or the cal-

culated results, Au', AV, AuV', AL and AC,, for 1<i<25 shall be reported as indices of

non-uniformity, together with the reflectance of the uniform grey target, as shown in table 6.
For interpretation and requirement for the values of Au'v', ISO 9241-8 shall be referred to.
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Table 6 — Reporting form for the measurement of spatial non-uniformity

i Dr Dg Dg AU AV AUV AL* | ACy
1 246,63 247,81 247,44 | -0,00048 | —-0,00071 0,00086 0,84 0,62
2 242,19 242,63 241,81 | —-0,00014 | —0,00036 0,00039 -0,92 0,30
3 243,19 242,88 241,50 0,00023 0,00006 0,00023 -0,79 0,18
4 243,19 243,75 242,00 | -0,00015 0,00020 0,00025 -0,56 0,23
5 247,88 246,75 245,88 0,00056 | -0,00019 0,00059 0,63 0,53
6 248,06 249,31 248,88 | —0,00051 | —0,00068 0,00085 1,35 0,60
7 238,75 239,25 238,75 | —-0,00018 | —0,00056 0,00059 -2,09 0,46
8 244,63 244,19 242,13 0,00031 0,00049 0,00058 -0,34 0,41
9 242,94 243,50 242,19 | -0,00017 | —0,00007 0,00018 -0,63 0,13
10 248,50 248,75 246,75 0,00000 0,00036 0,00036 1,19 0,32
11 250,44 251,06 250,75 | —-0,00024 | —0,00070 0,00074 2,01 0,56
12 244,63 245,44 245,44 | -0,00034 | —0,00091 0,00097 0,05 0,73
13 245,06 245,25 243,88 0,00000 0,00000 0,00000 0,00 0,00
14 246,63 248,00 246,50 | -0,00052 | —-0,00004 0,00052 0,86 0,42
15 250,13 250,88 249,13 | -0,00023 0,00016 0,00028 1,90 0,28
16 251,44 252,25 252,06 | —0,00032 | —0,00079 0,00085 2,41 0,64
17 246,31 246,81 246,00 | -0,00016 | —0,00038 0,00041 0,53 0,31
18 248,38 247,44 246,06 0,00050 0,00010 0,00051 0,84 0,40
19 245,19 246,00 244,88 | —0,00029 | —0,00021 0,00036 0,22 0,25
20 250,25 250,63 249,50 | -0,00009 | —0,00018 0,00021 1,86 0,15
21 251,25 251,63 251,44 | -0,00013 | —0,00075 0,00076 2,23 0,61
22 246,19 246,00 245,63 0,00012 | —0,00058 0,00059 0,31 0,53
23 247,13 247,31 246,50 | -0,00002 | —0,00035 0,00035 0,73 0,29
24 246,19 247,00 246,06 | —0,00030 | —0,00033 0,00044 0,57 0,31
25 251,13 252,06 249,75 | -0,00029 0,00047 0,00055 2,28 0,55

12 Mid-term instability

12.1 Characteristics to be measured

The instability of output data upon turning on the multimedia colour scanner.

12.2 Measurement conditions

a) The multimedia colour scanner under measurment shall be powered down for more than 2
h before beginning any measurement.

b) The scaling of scan shall be set to unity. Resolution of scanning shall be set to the maxi-
mum spatial resolution.

c) A uniform grey sheet of paper as in 11.2 shall be used as the target for the measurement.

d) The target shall be placed in the centre of the scanning area in intimate contact with the
scanning field of the multimedia colour scanner.
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12.3 Method of measurement

a)
b)
c)

d)

The target shall be placed over the scanning area.
The multimedia colour scanner shall be powered on.

The small target area at about the centre of the scanning area shall be scanned after
1 min, and successively scanned once per minute for 120 min.

The output data corresponding to more than 10 x 10 picture elements for each red, green

and blue channel, respectively, shall be averaged and recorded as Dg, Dg and Dg.

12.4 Presentation of results

The measured data, Dy, Dg and Dg shall be normalized by the average value, respectively,

and reported as shown in figure 8.
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Figure 9 — Example of areport of mid-term instability
13 Large area spatial crosstalk

13.1 Characteristics to be measured

Dependency of the output digital data of a colour patch on reflectance of surrounding areas.

13.2 Measurement conditions

‘NV3ANg ATddNS 009 A9 A3ITddNS ‘ATNO NOILVYOOTSIHL 1V 3SN TYNYILNI J0d

a)

b)

A target with 15 square test patches as specified in figure 9 shall be used for the
measurements. The target shall be printed on a sheet of non-fluorescent paper. The test
patches shall be uniform grey with reflectance between 20 % and 40 %. The colour

differences AE;b among the 15 test patches shall be AE;bs 0,5. The white areas of the

target are the surface reflectances of the paper, and the dark areas are of black at the
maximum density of a printing system. The size of the target shall be magnified or
reduced to fit to a scanning field of the multimedia colour scanner under examination.

The target shall be placed over the surface at the centre of the scanning area so that no
space or air gap exists between them as far as possible.
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Figure 10 — Target for the measurement of spatial crosstalk

13.3 Method of measurement

a)

b)

c)

The target shall be scanned three times in one direction and scanned three times in the
opposite direction after rotating the target by 180°. The mean values of more than 10x10
picture elements in the centre of each of the 15 colour patches specified in figure 8 shall
be recorded as output data DRp, DGp and DBp for 1< p<15.

The output data of the grey patches shall be averaged to determine the mean data values
15

1 15 1 15 1
<DR>_EpZ:1DRP’ <DG>_EDZ:1DGP and <DB>_EpZ:1DBp'

The maximum data Dg__ , Dg and Dg __ , the minimum data Dg_. , Dg . and Dg_.
max max max min min min
and the relative differences between these values in the red, green and blue channels

shall be calculated as percentage points as in %xmo, DR 100 and PR
(Dr) (Dr)

(Dr)

x100 .
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d) The relative root mean standard deviations resulting from all the patches shall be

13 E : g 13 B G g
1 I —_— _p _— —_— —p _—
calculated as percentage points as In 100 1, 100 0 1 and
18 p=lB< 2>H p:1E< G>|:|

1 15[0Ds, Ez_l

100, |—
15 215} ]

NOTE Detailed analysis of the large area crosstalk shows that the effect on a colour patch under test is
approximately proportional to the reflectance of that colour patch.

13.4 Presentation of results

a) The original data DRp, DGp and DBp shall be reported as exemplified in table 7.

Table 7 — Reporting form for the measurement of spatial crosstalk

p Dr Dg Dg

1 186,33 189,04 203,71
2 186,68 189,64 205,22
3 186,40 189,36 204,25
4 187,80 190,19 205,42
5 181,02 183,18 199,02
6 179,05 181,02 196,37
7 176,69 178,90 192,52
8 178,97 181,57 196,00
9 183,58 188,23 202,21
10 178,64 182,17 195,56
11 173,79 177,47 191,26
12 171,21 174,91 188,45
13 166,27 168,18 181,27
14 167,44 169,38 183,61
15 169,77 173,03 187,49

b) The average data, the crosstalk given by the relative differences between maximum and
minimum data in percentage points and the relative root mean standard deviations given
in percentage points shall be reported as exemplified in table 8.

Table 8 — Reporting form of average data and maximum crosstalk
given by relative maximum differences and relative standard deviations of data
in red, green and blue channels (8 bits per channel)

Red channel

Green channel

Blue channel

Average data 178,26 181,1 195,5
Relative maximum differences (%) 12,1 12,1 12,4
Relative standard deviations (%) 4,1 4,1 4,1

NOTE The accuracy of spectral characterization of the multimedia colour scanner according to clauses 8 and 9
will be limited by spatial crosstalk with worst case values as estimated above.
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Annex A
(normative)

Estimation of multiband of wavelength sensitivities

A.1 Quantities to be estimated

Effective spectral sensitivities of multimedia colour scanners, sz, sg, and sg_ at the centre

wavelength A,, as multiband of wavelength responses of the red, green and blue channels;
and built-in 3 x 3 channel-coupling matrix C, with elements c; for i-th row and j-th column,

determining the relation between the effective spectral sensitivities and the physical sensi-
tivites pr ., Pg, and pg, s, at the centre wavelength A, of the red, green and blue

channels as in equation (A.1).

Pra BRa Dy

Opg,, B=CLsg, O (A.1)

P, e, C

NOTE |If there is no built-in coupling matrix between the channels, the physical and the effective spectral sensi-
tivities are identical and the matrix C will be the identity matrix.

A.2 Input to the algorithm

a) Effective multiband spectral stimuli r;(}\n):r;n defined in equation (A.2) of the test

patches of the target (k=1...K) over the wavelength range from 400 nm to 700 nm
in 10 nm steps denoted n=1...31. The effective multiband spectral reflectance is cal-
culated from the multiband spectral reflectance rk(}\n):rkn of the test patches and the

spectral power distribution S(A,) = S, of the built-in light source, reported in 7.3, according
to equation (A.2).

Mo =Syl
o = Sl (A.2)

If the spectral power distribution of the built-in light source of the multimedia colour
scanner is not reported in 7.3, S, for all n shall be set to unity.

NOTE The algorithm of this standard will automatically calculate the overall responsivity of the multimedia
colour scanner including the power distribution of the light source, yet, strong spikes of the actual light source
will not be reproduced in the results in this case. The algorithm of this standard reproduces responsivities with
limited non-smoothness and averaged spikes.

b) Normalized light flux at the input of the red, green and blue channels, PR, Pg, and

®g, , inversely calculated from the normalized output data dg, , dg, and dg, , according

k
to equation (10).

c) Diagonal elements of the channel-coupling matrix C, ¢; =1 for i=j.

d) Weight factors wy, Wy , Wp, and Wo, oo denoting the weight of the corresponding

max
internal parameters of the objective function defined in equation (A.4) for an optimum
estimation of the multiband spectral sensitivities.
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1
NOTE For small noise levels of the multimedia colour scanner, the weighting factors Wy =—; Wy = 10;
3K

=0,023 and = 2 should be used. For higher noise levels, the weight factors and should
\NP max \NP max

slightly be increased.

A.3  Output to the algorithm

a) Estimated physical sensitivities PR, Pa, and PB,, of the red, green and blue channels,
where pr 20, pg, 20 and pg 20 for n=1..31.

b) Estimated off-diagonal elements of the channel-coupling matrix C, ¢; for i# j, where
-1< Cij <1.

c) Estimated spectral sensitivities Ry SG, and B, calculated from equation (B.1).

A.4 Internal variables of the algorithm

The estimation algorithm requires a number of internal variables and parameters to be
defined.

a) Absolute values of the model errors for the k-th test patch defined for the red, green and
blue channel by:

31
NRr, = Z PR, "k, ~(C11PR, +C12Pg, +C13Pp, )
n=1
31 .
NG, = Z PG, Tk, ~(C21PR, *+C22Pg, *C23Pp, ) (A.3)
n=1
31 .
Ng, = Z PB, 'k, ~(C31PRr, *C32Pg, *C33Pp, )
n=1
b) Maximum values of the absolute values defined by equation (A.3):
NRmax = maX(NRk ) , NGmax = maX(NGk ) and NBmax = maX(NBk ) .
c) Non-smoothness measures defined by equation (A.4) for multiband of wavelength
n=2..30.
R, :|pRn_1 -2pR, * pRn+1|
P, :|pGn_l —2pg, * Pep+1
R, :|an—1 —-2pg, * an+1| (A.4)

NOTE Small values of the non-smoothness measure mean smooth function.

d) Maximum values of the non-smoothness measures defined by equation (A.4):
R max :max(PRn), PGS max :max(PGn) and R =max(Rsy).
A.5 Estimation algorithm

The physical spectral sensitivities of the multimedia colour scanners are estimated by using
the simplex algorithm to solve the linear programming system described by equation (A.5).
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K
@VNmax (NRmax + NGmax * NBmax )+WN Z (NRk + NGk + NBk)
ming k=1

30
|:h-wpmax (Fhmax * PGmax + I:)Bmax )+ Wp ZZ(Fhk + PGk + PBk)
n=

a

where the ranges of the values are pr 20, pg, 20 and pg 20 for n=1..31; -1<g¢; <1

(A.5)

[ o

for i#j and 1<i,j<3.

The absolute values in equations (A.3) and (A.4) cannot be used to solve the linear
programming system. However, if x:|a| is required and x is a variable to be minimized, it is

possible to use x=a and x=-a instead to fulfil the requirement. The following constraints
are formulated accordingly:

a) Constraints for the definitions of the model errors Ny for k=1..K.

31

*
Ng, 2 kan PR, ~ (PR, +C12Pg, *C13Pp, )
n=1
31,
Ng, 2 _Zrkn PR, t(PR, +C12Pg, *+C13Pp, )
n=1
31
Ng, 2 Zrkn PG, ~(C21PR, +Pg, +C23Pp, )
n=1
31
Ng, 2 ‘Z "k, PG, *(C21PR, +Pg, *C23Pp, )
n=1
31,
Ng, 2 szn PB,, ~(C31PR, +C32Pg, +Pp, )
n=1
31
Ng, 2 _Zrkn Pg,, *(C31PR, tC32Pg, +Pp, )
n=1
>
Rmax = NRk
Gmax 2 NGk
Bmax = NBk

b) Constraints for the definitions of non-smoothness terms for n=2...30.

R, 2 Pr,_; ~2PR, * Prn+1

R, 2 7Pr,_; *2PR, ~ PrRn+1

&’
[

W2 PG, ~2PG, t Pen+1

&’
[\

n 27Pc,_; t2PG, ~ PGn+1
R, 2 PB,_; ~2Pg, * Pen+1
Rs, 2-PB,_; +2Ps, ~ PBn+1

I:’Rmax 2 PRk
PGmax = PGk

I:’Bmax = PBk
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The solution of this linear programming system is to be obtained using the SIMPLEX
algorithm [2],[3].

NOTE Differences between the available software packages concern the speed of computation but not the
results.
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Annex B
(normative)

Scanner model output data from estimated multiband sensitivities

Scanner model output data Dy, Dg and Dg of the red, green and blue channels for an
arbitrary colour patch with given multiband spectral reflection r(A,)=r, for n=1..31 are

calculated from the estimated multiband sensitivities in 10.4 and the multiband spectral power
distribution $(A,) =S, of the built-in light source according to the following algorithm.

a) The normalized light flux values ®r, ®5, Pg of the red, green and blue channel are
calculated from the spectral reflection r(A,)=r, for n=1..31 of the colour patch, the
multiband spectral power distribution S(A,)=S,, the effective multiband responsitivities,
SR, S, and sg_ , normalized to the respective values of the white reference colour with

spectral reflection ry (Ay) =ry, for n=1..31 as follows:
1 31
cDR T anrnsﬁ’n
n=.

31
b =— - Zl Snrnan (B.1)

(0] Srs

B
ZSr s, ™

b) The normalized channel output data dg, dg and dg are calculated from equation (B.2):

dR =Tp + I’J_CDR + rzq)é + r3¢g + r4q3é
dg = o + g1PG + 9o PF + G Py, +ga P (B.2)
dg =bp +byPg + b, P2 +byd2 +b,

c) The digital output data Dg, Dg and Dg are calculated from equation (B.3):

Dr =drDgry,
DG = dG DGW (B3)
Dg =dgDp,,

where Dg,,, Dgr,, and Dg, are the digital output model values for the white reference
(for example 255 for 8-bit quantization).
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C.1
a)

b)

c)

d)

e)

Use digital output Dg, , Dg
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Annex C
(informative)

Examples for the application of the spectral characteristics

Calculation of the ICC profiles

Measure the spectral reflectances Mk, of the test patches of the test chart.

Use the spectral reflectances r, to calculate the tristumulus values in CIE 1931 XYZ
colour space for each patch.
Use the spectral power distribution S, of the built-in light source to calculate the spectral

. . *
stimuli re = Spri, -

Calculate the normalized light flux at the input of the red, green and blue channels, ®g ,

CDGk and CDBk according to equation (10).

Calculate normalized output data de , de and dBk according to equation (5). Use this to
calculate digital output data Dg, , Dg, and Dg, .

. and Dg,  and the calculated tristimulus values in CIE 1931 XYZ

colour space to generate the ICC profile 5].

C.2

a)

b)

d)

e)

f)

Calculation of an optimized conversion for SRGB colour space

Measure the spectral reflectances Mk, of the test patches of the test chart containing a
white patch and at least two more colours.

Use the spectral reflectances ry to calculate values in the sRGB colour space, Ry, Gy
and By, for each patch.

Use the spectral power distribution S, of the built-in light source reported in 7.3 to

. . *
calculate the spectral stimuli r, = Sqry .

Use the effective multiband spectral sensitivities of the multimedia colour scanner sz_,
Se,, and Sg, to calculate the normalized light flux at the input of the red, green and blue
channels, ®g, , ®g, and ¥g, .

Calculate normalized output data dgr, , dg, and dg, according to equation (5). Use this

k
to calculate digital output data Dg,, Dg, and Dg, .

Calculate a 3 x 3 matrix M that maps the white patch to the white point of the sRGB
colour space defined in IEC 61966-2-1 and minimizes the colour errors for the remaining
colours.

ER'( H EPRK E

[Gx 0= MDg, O for the achromatic patchs

Bl e,
ERKH EPRkE

[Gx OF MDg, U for the remaining patchs

B s,
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