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INTERNATIONAL ELECTROTECHNICAL COMMISSION

MULTIMEDIA SYSTEMS AND EQUIPMENT -
COLOUR MEASUREMENT AND MANAGEMENT -

Part 9: Digital cameras

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of 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, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). 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. 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 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 IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC provides no marking procedure to indicate its approval and cannot be rendered responsible for any
equipment declared to be in conformity with an IEC Publication.

All users should ensure that they have the latest edition of this publication.

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

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

International Standard IEC 61966-9 has been prepared by IEC technical committee 100: Audio,
video and multimedia systems and equipment.

This second edition cancels and replaces the first edition published in 2000. This edition
includes the following significant technical changes from the previous edition.

a)

In the light of issuing IEC 61966-2-2, the relevant reference IEC 61966-2-1 in Annex C has
been replaced by IEC 61966-2-2 together with sSRGB by scRGB.

b) The previous Annex C has been replaced by the new Annex C where the previous Figure

C.1 has been deleted.
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The text of this standard was submitted to the national committees for voting under the Fast
Track Procedure as the following documents:

CDV Report on voting
100/666/CDV 100/722/RVC

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 2.

IEC 61966 consists of the following parts, under the general title Multimedia systems and
equipment — Colour measurement and management:

— Part 1: General

— Part 2-0: Colour management

— Part 2-1: Colour management — Default RGB colour space — sRGB

— Part 2-2: Colour management — Extended RGB colour space — scRGB

— Part 3: Equipment using cathode ray tubes

— Part 4: Equipment using liquid crystal display panels

— Part 5: Equipment using plasma display panels

— Part 6: Front projection displays

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

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

— Part 8: Multimedia colour scanners

— Part 9: Digital cameras

— Part 10: Quality assessment — Colour image in network systems

— Part 11: Quality assessment — Impaired video in network systems

The committee has decided that the contents of this publication will remain unchanged until 2008.
At this date, the publication will be

* reconfirmed;

+ withdrawn;

* replaced by a revised edition, or
*+ amended.
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MULTIMEDIA SYSTEMS AND EQUIPMENT -
COLOUR MEASUREMENT AND MANAGEMENT -

Part 9: Digital cameras

1 Scope

This part of IEC 61966 is applicable to the assessment of colour reproduction of digital
cameras used in open computer systems and similar applications.

A series of methods and parameters for colour measurements and management for use in
multimedia systems and equipment is applicable to the assessment of colour reproduction.

This standard deals with digital cameras to capture colour still images and moving images for
use in multimedia applications.

The methods of measurement standardized in this standard are designed to make possible the
objective performance assessment and characterization of the colour reproduction of digital
cameras which can capture colour still and moving images, and output colour information
corresponding to red — green — blue digital image data. The measured results are intended to
be used for the purpose of colour management in multimedia systems, typically in the Internet.

This standard defines test charts, measurement conditions and methods of measurement, so
as to make possible the colour management in open multimedia systems and comprehensive
comparison of the results of measurements for assessment of digital cameras.

Colour control within digital cameras is outwith the scope of this part. It does not specify
limiting values for various parameters.

2 Normative references

The following referenced documents are indispensable for the application of this document. For
dated references, only the edition cited applies. For undated references, the latest edition of
the referenced document (including any amendments) applies.

IEC 60050(845):1987, International Electrotechnical Vocabulary (IEV) — Chapter 845: Lighting.

IEC 61146-1:1994, Video cameras (PAL/SECAM/NTSC) — Methods of measurement — Part 1:
Non-broadcast single-sensor cameras

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

ISO 2813:1994, Paints and varnishes — Determination of specular gloss of non-metallic paint
films at 20 degrees, 60 degrees and 85 degrees

ISO/CIE 10527:1991, CIE standard colorimetric observers

CIE 17.4:1987, International lighting vocabulary
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3 Terms and definitions

For the purposes of this document, the definitions in IEC 60050-845 and CIE 17.4, as well as
the following definitions, apply.

3.1

colour control

conversion of equipment-dependent colour-image data to equipment-independent data for a
specific colour space including tone characteristics

3.2

digital camera

electronic imaging equipment which can capture colour still and moving images, and outputs
digital image data for red — green — blue channels either by itself or using incorporated colour
control software

4 Conditions

4.1 Environmental conditions

All measurements specified in this standard shall be carried out in a dark room.

Electric power to a digital camera under test shall be supplied using an a.c. adapter or
batteries recommended by the manufacturer.

The mains voltage and frequency applied to the a.c. adapter shall be at the rated value
specified by the manufacturer of the digital camera. When the mains voltage fluctuates,
a stabilizer shall be used to attain a stability value of £5 % of the rated value.

Other environmental conditions such as temperature and relative humidity shall be reported,
together with the results of measurement.

For additional environmental conditions not specified in this subclause, if any, the speci-
fications of the manufacturer of the digital camera shall be taken into account.

4.2 Conditions of measurements
4.2.1 Measurement arrangement

Unless otherwise specified, a shooting object shall be a test chart with the dark box shown in
Figure 1. The specifications for the centre hole of the chart are given in Figure 3. Relative
positions shall be selected to prevent unnecessary glare from the diffuser.

NOTE The spectral light source consisting of the lamp, the iris, the monochromator, the optical fibre and the
diffuser may be configured in other ways, provided that the required specifications are met.
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Main lamp
Q Colour temperature

conversion filter
Test chart 1

ﬁ\ Digital camera
under test
Diffuser . S ’/

Dark box
n Hole |:|

Auxiliary lamp

<> Main lamp

|:| Monochromator Optical fibre
Lamp |:| \

Spectral light source

IEC 612/2000

Figure 1 — Equipment arrangement for measurements

4.2.2 [llumination

Illumination of the test charts shall be performed by two or four main lamps and one auxiliary
lamp depending on the characteristics to be measured. Incident lights from the main lamps
shall be 45° relative to the surface of the test chart. An auxiliary lamp to illuminate the diffuser
in Figure 1 is used only for the measurement specified in Clause 7. The diffuser shall not be
directly illuminated by the main lamps. The main lamps and the auxiliary lamp shall be halogen
lamps with a well-regulated power supply.

The correlated colour temperature of the lamps shall be 3100 K + 100 K as specified in
IEC 61146-1. The non-uniformity of illumination shall be less than 5 %. The average
illuminance on the test chart shall be 2 000 Ix + 100 Ix.

4.2.3 Shooting conditions

The optical axis of the digital camera under test shall coincide with the normal to the test chart.

If the digital camera under test is equipped with a zoom lens, the distance between the test
chart and the digital camera under test, unless otherwise specified, shall be approximately
1,5 m. The zooming shall be adjusted so that the horizontal and vertical markers fit within the
full frame of an image area.

If the digital camera under test is not equipped with a zoom lens, the distance between the test
chart and the digital camera under test, unless otherwise specified, shall be adjusted so that
the horizontal and vertical markers fit within the full frame of an image area.
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4.2.4 Digital image data

The red — green — blue data necessary for the calculation and characterization of the digital
camera under measurement shall be acquired and recorded depending on the cases described
below.

a) If red — green — blue digital image data are obtained direct from the digital camera under
test, the values shall be recorded.

b) If red — green — blue digital image data are not directly obtainable, they should be
calculated by the manufacturer’s driver software.

c) If red — green — blue digital image data are calculated by any independent application
software on the digital camera under measurement, the name and version of the software
shall be reported together with the values.

5 Measurement equipment

5.1 Spectral light source

The spectral light source consists of a halogen lamp powered by a well-regulated d.c. electric
power source, an iris, a monochromator and an optical fibre with a diffuser as in Figure 1.
Specifications of the constituent parts of the equipment arrangement should be as follows.

a) Output of spectral light source
1) Diameter of the diffuser: approximately 4i5h

2) Radiance: more than 10 mW/sr/m?2
3) Stability of light output: within £+0,5 %

NOTE An integrating sphere may be incorporated to increase uniformity.

b) Monochromator
1) Wavelength range: including from 380 nm to 780 nm
2) Spectral bandwidth: 5 nm (FWHM"), triangle
3) Wavelength accuracy: +0,5 nm
4) Stray light: less than 104

NOTE Higher-order spectra from the monochromator should be removed.
5.2 Colour temperature conversion filter

The amount of reciprocal correlated colour temperature change shall be =140 MK="1 in order to
achieve 5 500 K + 300 K.

5.3 Dark box

The dark box for the measurements should be as shown in Figure 2. The reflectance of the
inside of the dark box shall be less than 2 %. The accuracy of the dimensions should be within

151—0}1. The geometrical specification of the holes whose positions are designated by “0” shall

be as in Figure 3.

1) FWHM stands for full-width half maximum.
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IEC 2650/03

2h/3

“Test chart 1

Hole

Hole

Figure 2 — Dark box

Hole
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5.4 Test charts

a) The specular gloss at 60° shall be less than 2,5 %, according to ISO 2813, for all test charts.
The geometric specification of the test charts shall be as shown in Figures 3, 4 and 5. The

accuracy of the dimensions should be within i%h .

h/18 h/18
h/12 /36 h/36 h/12

L (w=4h/9)/2 »‘ h/9 \ (w=4h/9)/2 »‘

h/6

234H6H8H101112131415 h/6
n

HEFELEFEET
i

1

(w-81/9)/2

(w 8h/9 84/9
o |t S

A

|
Y

IEC 614/2000

Figure 3 — Test chart 1
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Background 1/18
(reflectance is 18 %) «—>
0 Grey chip (No. i)
\\ em—
/
h/18 h/9
\

h/9

IEC 2651/03

Figure 4 — Test chart 2 with replaceable chip i

| I ‘
h/5
 c— ——
h/5¢
h/5¢ h
h/51
| < D
h/5
2h/15 Y
-« W/O | g W/D Ll WO G| g WD | g W/D o
- w -

IEC 616/2000

Figure 5 — Test chart 3

Test chart 3 in Figure 5 shall be the white chart with a nominal reflectance of 88,1 %.
It shall be superimposed with a rectangular grid. The designation of position j in Figure 5

shall be numbered from the top left to the bottom right for the centre of each rectangular
areaas j = 1to 25.

The reflectances of the grey steps in test chart 1 shall have the values specified in Table 1,
where the positions designated by “0” are holes.

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

FHOTVONYE/IHON VY - ‘PaHWIT NOD3IIW OL d3ISN3DIT



61966-9 00 IEC:2003(E) -13 -

Table 1 — Nominal reflectances of the grey-scale section and the grey chips

i Reflectance (%)

0 0,0(hole)

1 2,0

2 4,0

3 6,0

4 8,0

5 10,3

6 14,7

7 19,8

8 25,8

9 32,5

10 39,9

11 48,1

12 57,0

13 66,6

14 77,0

15 88,1
Background 18,0

5.5 Radiance meter

A radiance meter with the following specification should be used for the measurements of the
output from the spectral light source.

a) Wavelength range: from 380 nm to 780 nm
b) Measurable range: from 1 yW/sr/m2 to 1 W/sr/m?
c) Relative accuracy: 5 % (from 380 nm to 780 nm)
d) Linearity: 2 %
e) Measurement less than 0,5 %

resolution:

NOTE 1 Radiance can be measured with an irradiance meter at a known distance from a source. A spectro-
radiometer in radiance geometry can also be used to measure radiance.

NOTE 2 If a wavelength range beyond the specification in a) is required from the results reported in Clause 7,
the wavelength range should be from 360 nm up to a wavelength where a response of less than 5 % of the
maximum is observed.
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5.6 Spectro-radiometer

A spectro-radiometer with the following specification should be used for the measurement for a
built-in electronic flash in Clause 8.

a) Wavelength range: from 380 nm to 780 nm

b) Field of view: between 0,1° and 2,0°

c) Wavelength uncertainty: less than 0,5 nm throughout the wavelength range
d) Scanning interval: 5 nm or less

e) Bandpass: 5 nm or less

f)  Repeatability: less than 0,5 % in radiance at each wavelength

NOTE 1 A temporal integration capability for measuring flashing lights is required.

NOTE 2 If a wavelength range beyond the specification in a) is required from the results reported in Clause 8,
the wavelength range should be from 360 nm up to a wavelength where a response of less than 5 % of the
maximum is observed.

NOTE 3 Periodic calibration should be carried out with a standard optical source of known spectral power
distribution.

NOTE 4 Further technical details of the design, characterization, and calibration of spectro-radiometers can be
found in CIE 63 [7], CIE 105 [8] and JIS Z 8724 [3]1.

5.7 Luminance meter

The luminance meter should have the following specifications for the measurement of
luminance in Clause 7. A colorimeter with luminance output in Y can also be used.

a) Field of view: any value between 0,1° and 2,0°

b) Spectral responsivity: compliant to the CIE 2° colour-matching function, (A1),
as defined in ISO/CIE 10527

c) Repeatability: less than 0,5 %

6 Tone characteristics

6.1 Characteristics to be measured

The relationship between the luminance of the shooting object and the digital image data at the
centre of the image shall be measured.

6.2 Measurement conditions
The arrangement of the equipment should be as in Figure 1. The optical fibre shall be removed

and the hole on the rear side of the dark box shall be covered with a lid similarly painted as the
inside of the dark box. The auxiliary lamp shall be switched off.

Two separate measurements, with the colour temperature conversion filter in front of the lens
for 5 500 K and without for 3 100 K, shall be conducted.

NOTE Additional conditions of correlated colour temperature may be set according to the needs.

1 Figures in square brackets refer to the bibliography.
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6.3

a)

6.4

a)

b)

Method of measurement

Test chart 2 with the grey chip i shall sequentially be inserted into the front hole at the
centre of test chart 1 for i = 0 to 15. The reflectances of the grey chips shall be as shown in
Table 1.

NOTE The grey chip for i = 0 is a hole without a grey chip.

The luminance L; of the grey chip i shall be measured using the luminance meter and test
chart 1 shall be shot by the digital camera under test.
The mean values corresponding to the grey chip i mounted at the centre, D}ei , Dg;i and
D};i , of red — green — blue digital image data shall be recorded.
The mean values Ef , Eﬁ and Ef corresponding to step ;j of the upper grey steps with the
J J J
grey chip i mounted at the centre shall also be noted for red — green — blue image data,
respectively.
Presentation of results
The recorded data shall be compensated for, in order to eliminate any autonomous
exposure control or errors of a mechanical shutter of the digital camera under test as
follows.
ER -E
1 8jv1 8, ( ., R R 0
Dp. = o7 1| R _ K (DR,- Eij +E8j x 100 (%) (1)
ALY

where

Jj is the step number of the grey steps in which the inequality Ef < Djy. < EiR+1 holds;
J L J

n is the number of bits in each channel.
A similar compensation shall be conducted for recorded data Dg and Dp to obtain

D¢, and Dp_, respectively, for green and blue channels.

The measured and calculated data L;, Dy , Dg,, Dp, fori=0to i= 15 shall be reported
as in Table 2, together with the effective correlated colour temperature of the illumination.

The results shall also be reported as a graphical representation, as shown in Figure 6, where
the horizontal axis is the luminance L; and the vertical axis is for Dp , Dg and Dp. .

The correlated colour temperature shall also be reported.
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Table 2 — Example of tone characteristics
(correlated colour temperature: 5 500 K)

i L (cd/im?) Dp (%) D¢ (%) Dg (%)
0 1,37 0,00 0,00 0,00
1 5,17 3,83 4,00 3,94
2 8,57 9,45 9,34 9,31
3 12,3 16,4 16,7 16,5
4 15,9 21,6 21,6 21,5
5 20,5 27,3 27,2 27,2
6 27,9 36,0 36,1 36,1
7 37,5 45,3 45,5 45,2
8 49,2 55,2 55,5 55,2
9 60,8 63,6 63,7 63,4
10 75,1 72,4 72,3 72,2
11 91,4 79,9 80,0 79,7
12 107,2 85,5 85,5 85,2
13 123,1 89,8 89,5 89,6
14 143,3 94,0 94,0 93,9
15 164,5 96,8 96,8 96,8
100 T T T T T T T T .
]
e
80 ‘ //j/d
L P ]
"(/
IS ya
— //
o 60t =
3 v
5 /
a :
5 40 / .
o /;:
? e
N /
© 20+ S .
E5l
e 4
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1] 74 ] ] ] ] ] ] ] ]
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Input light level cd/m?
IEC 2652/03

Figure 6 — Example plot of tone characteristics
(correlated colour temperature: 5 500 K)
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7

7.1

Spectral responsivity characteristics

Characteristics to be measured

The relationship between wavelength A of monochromatic incident light and red — green — blue
digital image data obtained from the digital camera shall be measured.

7.2

a)

b)

7.3

a)

b)

c)

d)

f)

g)

Measurement conditions

The arrangement of equipment should be as shown in Figure 1. The optical fibre connected
to the spectral light source shall be inserted into the dark box from the rear side. All
measurement and shooting by the digital camera shall be conducted through the correlated
colour conversion filter wherever applicable.

NOTE 1 [lllumination with a correlated colour temperature of 3 100 K is normally achieved without the
correlated colour conversion filter in front of the lens.

NOTE 2 Additional correlated colour temperatures may be set according to the needs.
The intensity of the auxiliary lamp, with the iris in front of the monochromator shut, shall be
adjusted so that digital image data corresponding to the diffuser is around 20 % of a full

data range of the digital camera. If underflows are observed in the data processing in 7.4c),
the value of 20 % should be increased.

NOTE The lower intensity of the auxiliary lamp is better for measurement accuracy.
The iris in front of the monochromator shall be adjusted once so that the maximum data
in red — green — blue channels are between 70 % and 80 % inclusive of the full scale on

condition that the auxiliary lamp in Figure 1 is switched on. It shall be kept unchanged after
this adjustment.

Method of measurement

The measurement shall be conducted for both illuminations with effective correlated colour
temperatures of 5 500 K and 3 100 K.
The radiance L(A,-) on the diffuser from the spectral light source shall be measured using

the radiance meter with the auxiliary lamp switched off. When the measurement is
conducted for 5 500 K, the colour conversion filter shall be inserted between the diffuser
and the radiance meter.

The auxiliary lamp shall then be switched on and the iris in front of the monochromator
shall be shut. The digital image data corresponding to the diffuser shall be recorded in pixel

"

by pixel as three sets of data Di , Dg, and Dp, for red — green — blue channels,
respectively.

Test chart 1, in which the centre portion illuminated by the spectral light source from the
back and by the auxiliary lamp from the front, shall be shot by the digital camera under test
at each wavelength 4;, where i = 1 to 81, corresponding to the wavelength from 380 nm to

780 nm with an interval of 5 nm.

The pixel-by-pixel output data corresponding to the diffuser shall be recorded as D}'Q(/il-),
D”0(/1,-) and D}';(/},-) for red — green — blue channels, respectively.

The mean values FIR FlG and FlB corresponding to step j of the upper grey steps, with
J J J

the monochromatic radiation at wavelength A; at the centre of test chart 1, shall also be
noted for red — green — blue image data, respectively, for j= 0 to 15.

The auxiliary lamp shall be switched off and test chart 2 with the grey chip 8 shall be
inserted into the front hole at the centre of test chart 1. Spectral distribution characteristics
Lg(/li) shall be measured using a spectro-radiometer, where i = 1 to 81, corresponding to

the wavelength from 380 nm to 780 nm with an interval of 5 nm.
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NOTE If the wavelength range beyond the specification is required from the results reported in 7.4, it should be
from 360 nm up to a wavelength where response less than 5 % will be observed.

7.4

a)

b)

d)

e)

Presentation of results

The recorded pixel-by-pixel data Dj(A;) shall be compensated to eliminate any auto-

nomous exposure control or errors due to a mechanical shutter of the digital camera under
test as follows:

R _ R
D, (/1~):—ng'+1 s, (D" (A~)—FRj+ER (2)
RV R _pr \ TRV 8
; A

Lj+1 J

where the index; is the step number of the grey steps in which the inequality

FR<p"(A)<FR holds.
Ly L+

A similar compensation shall be conducted to the recorded data D&(Ai) and Dj'g(/l,-) to
obtain D'G()li) and D};(Al-) respectively, for green and blue channels.

The pixel-by-pixel digital image data D' shall be linearized using the results reported in 6.4
for the tone characteristics, and averaged over the centre portion of the digital image
corresponding to the monochromatic radiation at wavelength A; to get LR(/l,-), LG?/],-), LB(/]i)

as follows:

L6 = 606 () - 75 (pg, ) (3)

where fR_1( ) fG_1( ) and fg1( ) are the inverse relations of the tone characteristics for red —
green — blue channels, respectively.

NOTE For practical calculation of the inverse relationship, see Annex B.

To take the radiance of the spectral light source L(Ai) into account, RC(/]i)’ GC(/]i) and Bc(/‘i)
shall be calculated by the following formulae:

Lz (1)
L)
Lg(A)
“ (1)
Lp(A)
Br(n)

Re(A)=p

GelA)=p (4)

Be(A)=p

where pp, pg, pp are coefficients to align the chromaticity coordinate value to the neutral
point in the coordinate. For the determination of the coefficients, see Annex D.

The spectral responsivity characteristics RC(/]i), GC(/L) and BC(/]i) shall be reported in
electronic form together with the effective correlated colour temperature.

They shall also be plotted as curves as shown in Figure 7 with the correlated colour
temperature.

NOTE Recommended use of the reported results for colour management is described in Annex C.
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IEC 2653/03

Figure 7 — Example of spectral responsivity characteristics
(correlated colour temperature: 5 500 K)

NOTE An alternative method based on digital image data acquired by shooting a set of colour chips with known
spectral reflectance may be used to estimate the spectral responsivity. The details are given in IEC 61966-8.

8 Spectral distribution of built-in electronic flash

8.1 Characteristics to be measured

The spectral characteristics of the light emitted from the electronic flash light source integrated
in digital cameras for illuminating objects to be shot.

8.2 Measurement conditions

The arrangement of measuring equipment shall be as in Figure 1. Test chart 2 with grey chip
15 shall be inserted into the hole at the centre of test chart 1.

8.3 Method of measurement

a) The spectral reflectance characteristics, W(A), at the centre of grey chip 15 in test chart 2
shall be known.

b) The spectral distribution characteristics, LW(A), of the reflected light at the centre of the
grey chip illuminated by the built-in electronic flash shall be measured using the spectro-
radiometer.

c) The spectral distribution characteristics of the built-in flash, LS(A), shall be calculated
using the following formula:

Ly (1)

LS(A):kW (5)

where & is an arbitrary normalization factor for the maximum value of LS(/l) to be 100 %.
NOTE 1 The spectral distribution of the built-in flash may be directly measured using the spectro-radiometer in

irradiance geometry.

NOTE 2 An auxiliary flash or a lamp other than built-in can be measured by the method specified in this clause.
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8.4 Presentation of results

a) The spectral characteristics of the built-in electronic flash, LS(/I), shall be reported in
electronic form.

b) The characteristics, Lg (/1) shall be plotted as the curve exemplified in Figure 8.

c) The correlated colour temperature, defined in 5.5 of CIE 15.2, for the built-in flash light
shall also be calculated and reported in kelvins, together with the deviation A,

NOTE For the actual procedure to calculate correlated colour temperatures, refer to [6].

120 T T T T T T T T
100

N

> 80

(2]

[

5

£ 60

pe}

[0}

N

T 40

£

2
20 - .

| | | | | | 1 |
400 450 500 550 600 650 700 750
Wavelength nm
IEC 2654/03

Figure 8 — Example of the spectral distribution characteristics
of a built-in electronic flash

9 Spatial non-uniformity

9.1 Characteristics to be measured

The non-uniformity of the digital image data acquired by shooting an evenly illuminated white chart.

9.2 Measurement conditions

The arrangement of the equipment shall be as shown in Figure 9. The illumination shall be the
same as that specified in 4.2.2 with the colour temperature conversion filter of =140 MK-1 to
achieve an effective correlated colour temperature of 5 500 K.

9.3 Method of measurement

a) Test chart 3 in Figure 5 shall be shot by the digital camera under test.

b) The mean values, DRj, DGj, DBj of red — green — blue digital image data for
P,/100x P, /100 picture elements peripheral to the position ; specified in 5.4b) shall be

recorded forj = 1 to 25, where P, is the number of picture elements in the vertical direction.

NOTE |If further precise measurement is required, the luminance in cd/m2 at the centre of each point may be
measured and the values obtained in b) can be compensated.
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Lamp
Test chart 3
\ Colour temperature conversion filter
Digital camera
under test
Lamp

IEC 620/2000

Figure 9 — Equipment arrangement for measurement of spatial non-uniformity

9.4 Presentation of results

a) The R, G, and B data shall be converted to the tristimulus values X, Y, and Z in
accordance with 3.2 of IEC 61966-2-1.

b) As indices of non-uniformity, calculated results, Au', AV', Au'v', AL and ACéb fori=11to0 25
shall be reported as a table, as shown in Table 3.
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Table 3 — An example of reporting form for spatial non-uniformity

j | Dre) | Do) | D) | du'x10% | av'x10® | Auv'x103 AL AC,,
1 52,2 47,8 46,3 1,95 1,78 2,64 5,41 2,10
2 55,9 52,4 49,4 0,91 20,29 0,95 -2,80 0,71
3 56.6 53,6 50,3 0,42 20,10 0,43 2,17 0,32
4 55,6 52,6 49,4 0,46 0,14 0,48 2,75 0,37
5 51,1 47,9 45,6 0,86 0,91 1,25 5,55 1,06
6 55,3 51,6 49,0 1,10 0,71 1,31 -3,23 1,04
7 57,6 55,0 51,2 0,04 0,33 0,33 1,43 0,18
8 59,1 56,2 52,6 0,22 0,02 0,22 -0,70 0,14
9 57,7 55,3 51,6 0,16 0,14 0,21 1,28 0,16
10 54,1 51,2 47,8 0,47 0,23 0,53 -3,61 0,24
11 56,7 53,4 50,1 0,69 0,03 0,70 2,25 0,47
12 59,1 56,3 52,5 0,15 0,24 0,28 -0,67 0,15
13 60,2 57,5 53,8 0,00 0,00 0,00 0,00 0,00
14 59,2 56,5 52,8 0,05 0,09 0,10 20,56 0,04
15 55,2 52,5 49,0 0,23 0,20 0,30 -2,86 0,10
16 56,6 53,3 50,2 0,68 0,28 0,73 -2,30 0,57
17 58,4 55,7 52,1 0,07 0,03 0,08 1,01 0,04
18 59,4 56,5 53,2 0,18 0,36 0,40 -0,52 0,33
19 58,6 55,8 52,5 0.13 0,32 0,35 -0,93 0,30
20 55,0 52,0 48,6 0,52 0,17 0,55 3,12 0,29
21 55,4 50,9 49,1 1,80 1,55 2,38 -3,51 1,90
22 56,8 53,6 50,4 0,58 20,19 0,61 2,14 0,47
23 57,1 54,0 50,9 0,46 0,37 0,59 1,92 0,50
24 56,5 53,4 50,5 0,48 0,57 0,74 -2,26 0,63
25 53,2 49,4 47,3 1,30 1,18 1,76 4,53 1,43
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Annex A
(normative)

Letters and symbols

Compensated and normalized image data for the red channel
Compensated and normalized image data for the green channel
Compensated and normalized image data for the blue channel

Mean value corresponding to the step of grey steps for the tone-characteristic
measurement of the red channel

Mean value corresponding to the step of grey steps for the tone-characteristic
measurement of the green channel

Mean value corresponding to the step of grey steps for the tone-characteristic
measurement of the blue channel

Mean value corresponding to the step of grey steps for the spectral responsivity
characteristic measurement of the red channel

Mean value corresponding to the step of grey steps for the spectral responsivity
characteristic measurement of the green channel

Mean value corresponding to the step of grey steps for the spectral responsivity
characteristic measurement of the blue channel

Tone characteristics of the red channel
Tone characteristics of the green channel
Tone characteristics of the blue channel

Height of the test charts
Width of the test charts
Luminance of the test charts in cd/m?2

Light intensity at wavelength A; measured through the correlated colour
temperature conversion filter

Spectral distribution of the built-in flash

Number of picture elements in the vertical direction of digital camera picture data
Spectral responsivity characteristics of the red channel of the digital camera
Spectral responsivity characteristics of the green channel of the digital camera

Spectral responsivity characteristics of the blue channel of the digital camera
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Annex B
(informative)

Procedure to calculate the inverse function

The normalized set of data, DRI,, DG,- , and DB,- should be retrieved from Table 2.

A mean data of D, is supposed where D; <D, < D;,q. Figure 6 is approximated in a piecewise
linear relationship as in
p =Dis1=Di ;| DiLiv1 = Dinly
X X
Li+1 _L- L +1 —L.

1 ]

(B.1)

i

Thus, the corresponding radiance L, in cd/m? to the data D, will be obtained as a solution of
equation B.1 as in

Lx — Di+1Li+1 _DxLi (B2)
D;1-D;

1 1
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Annex C
(informative)

Example of the use of the reported results for colour management

C.1 Introduction

There will be multiple methods to perform external colour control of image data for
characterization of digital cameras in use for an open system as a constituent part of colour
information production and reproduction systems under colour management. This annex is in
line with IEC TTA-3 [2] and describes a method to control colour reproduction based on the
data reported as the results of performing the measuring methods specified in this standard. In
other words, colour control methods based on equipment-dependent characteristics, being
capable of conversion to the equipment-independent characteristics are described as
examples.

C.2 Colorimetric characteristics of the scRGB colour space

The ideal spectral characteristics of digital cameras rS(/l), gS(A), and bs(/l) compliant to the

scRGB colour space as defined in IEC 61966-2-2, is obtained by the following calculation
based on CIE 1931 colour-matching functions x(A), y(A), and Zz(A); chromaticity coordinate

values in CIE 1931 chromaticity diagram for red — green — blue (xg,»r), (xg,yg), and
(xg, yg); and the neutral colour (CIE D65) (x,, ), all of which are defined in CIE 15.2.

Namely, based on equation 1 of IEC 61966-2-2, by expanding the relationship to spectral
characteristics, the following more strict constraint is obtained.

r.(1) 3240 625 —1,537 208 -0,498 629)(x(A)
g(A)[=| 0968 931 1875756 0,041 518 || 7(A) (C.1)
b, (1) 0,055710 —0,204 021 1,056 996 )| z(A)

C.3 Colour control for digital cameras

C.31 Matching tone characteristics to the scRGB

Let the measured and reported tone characteristics be #(x) and the ideal target tone
characteristics of scRGB specified in IEC 61966-2-2 be scRGB(x), where x corresponds to a
light input level normalized to [0,1]. A #(x) differing from scRGB(x) will be converted so that

AT (x)? = scRGB(x) (C.2)

where 7(x)=1(x)-1#(0), and the parameters 4 and p are unknowns and will be determined by
the method of the least squares.

Taking logarithm of equation C.2,

Z(a + plog? (x) - logscRGZi’(x))2 = f(a,p) (C.3)

X
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where a=logA4. From partial differentiations of equation C.3 by a and p, it permits the
determination of the unknowns in order to minimize f(a,p).

Dlogf(x) D log?7(x) D logi (x)log scRGB(x)
x ( (C.4)

a
X = x
n D logf (x) \\p > log scRGB(x)
X X

where n is the number of sample data in the summation.

C.3.2 Colorimetric match to the scRGB

Let the spectral responsivity characteristics reported in 7.4 be r,(A), g.(4), and b.(A). Here is

an example to approximate these characteristics to the ones for the scRGB digital camera. Let
an unknown linear conversion matrix be C as in

re(A) m,15(A)
Cl g(A) |=| megs(A) (C.5)

bc (/1) mbbs (/1)

where m,, m, and », are coefficients in which the white balancing control is considered. For

g
a digital camera, and illumination of spectral distribution characteristics L(A), the coefficients
should be calculated as follows.

my = [ LA /] (AL

my =1 (C.6)

m = [ 2. 0)E0)aA /] b, ()

Taking into account the spectral distribution characteristics L(/l) of halogen lamps of 3 100 K
with the correlated colour conversion filter, m,, m, and », are calculated as follows:

g
m, =09255
m, =10000 (C.7)
m, =14087

The nine unknown coefficients of the matrix C will be determined by the method of least
squares applied to equation C.5.

Let 7.(A)=ry. 8(A) =g bo(A)=byi ri(A) =1y, g,(A) =gy . bs(A)=b,, then the following
simultaneous equation holds.

i

n n n n n
2
Zrc,- zgci Te; zbci Te; Zm,rsi Te; Z’"rrsi 8¢; Zmrrsi bci
i=1 i=1 i=1 i=1 i=1
n n

n n n n
2 —
Srgg Y&l Shos (0= Sman, Smes, S|  ©9
i=1 i=1 i=1 i=1

i=1 i=1
n

n n n n
2
Z Te; bCi Z 8¢ bCz‘ bc,» Z mbbsz‘ Te; Z mbbsz‘ 8¢ Zmbbsi bcz‘
i=1 i=1 i=1 i=1

i=1
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where n is the number of samples in wavelength.
The matrix C is a solution of the equation C.8.

The method applied to the report in 7.4 results the matrix C as in

0,9255 -03120  0,0153
C=| 01004 07179 -0,538 (C.9)
-0,0326 -02393 09179

When colour control in equation C.5 is applied, the spectral responsivity characteristics in
Figure C.1 will be obtained. For information, the ideal scRGB responses are shown in broken
curves.

100 — i

%

Normalized response

1 | | - | | | 1 |
400 450 500 550 600 650 700 750
Wavelength nm

IEC 2655/03

Figure C.1 — An example of spectral responsivity controlled to approximate the ideal
scRGB characteristics superimposed as the broken curves

C.3.3 Transformation from image data of digital cameras to the data in scRGB colour
space

Raw image data obtained from digital cameras will be transformed to the data in scRGB colour
space by the following process in order to make the original data to be equipment independent.

a) The original image data from a digital camera should be linearized by taking into account
the tone characteristics #(x) of the digital camera under characterization. Namely, the
inverse relation of the tone characteristics should be applied to the data to obtain linearized
set of data Dg, Dg.and Dg as in equation C.10.

R (DR) DR
Cig'(Dg)| = | Ds (C.10)
5~ (D) D

b) The linearized set of data Dg, Dg.and Dg should be normalized in accordance with 4.2 of
IEC 61966-2-2 flnally to obtain RSCRGB’ GSCRGB and BSCRGB'
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Annex D
(normative)

Method to compensate spectral responsivity characteristics
at the neutral point

To compensate the neutral point shift due to possible errors caused by the measurement
system, the following procedure shall be applied to decide the coefficients pp, pgs and pp,

where Lg(4;) is the spectral distribution characteristics of grey chip 8.

ZPRR ZPGG ()
ZPBB ZPGG ()

(D.1)

With constraint p; =1, the unknown coefficients pp and pp will be obtained as solutions of
equation D.1 as in

=26 aln) | 3 RONa 1)
ps =2 0(1) /> 50 )iol0)
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Annex E
(informative)

Automated extraction of data from the test chart image

E.1 Introduction

The optical viewfinder of a digital camera is designed to restrict the user’s field of view to only
a portion of the image actually captured by the image sensor. This helps to ensure that the
digital camera actually captures every scene detail that was originally composed by the user as
illustrated in Figure E.1.

|

|

|

:

| Viewfinder Field-of-View 80 %
|

|

|

|

|

AL L Y

lt— 80 % —m]

IEC 623/2000

Figure E.1 — Example to compare a typical optical viewfinder area and
the corresponding image sensible area (outer rectangle)

Due to manufacturing tolerances and parallax errors, other differences occur between what the
user sees in the viewfinder of the digital camera and the captured image. These differences
are to be apparent as a shift in the vertical and/or horizontal directions or a rotation in the
image. The parallax error can only be zero at a single object distance. Often, this distance is
chosen to be the point of best focus or hyper-focal distance of the lens. The addition of
horizontal and vertical shift markers to a test chart is recommended to support automated
extraction of data from the test chart image. These can be provided in the existing test chart by
simply extending the current markers as shown in Figure E.2.

Xul Xur

Yul | 1 S Y ur

Yl T r Ylir

Xl Xlr

IEC 624/2000

Figure E.2 — Test chart with extended orientation markers

The notations in the following information should be taken from Figure E.2.
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E.2 Horizontal image shift

Horizontal image shift, S, , can be determined by calculating the difference between the
average of the centres of the upper left ( X,;) and lower right ( X,,.) orientation markers and the
ideal horizontal image centre ( X.) according to equations E.1 and E.2. The upper right ( X,
and lower left ( X};) orientation markers can also be used.

ur )

1 .
St =5 W + X, = X.)  (pixels) (E.1)
Normalized horizontal image shift, s, , will be

s =PLSH x100 (%) (E.2)

w

where P,

>, 15 the image width in pixels.

E.3 Vertical image shift

Similarly, vertical image shift, S}, can be determined by calculating the difference between the
average of the centres of the upper left (Y,;) and lower right (Y},.) orientation markers and the
ideal vertical image centre (Y,.) according to equations E.3 and E.4. The lower left (Y)
and upper right (Y,,.) orientation markers can also be used.

Sy =2 +7,-7.)  (pixels) (E3)
Normalized vertical image shift, s, , will be
1
s, =—38y x100 (%) (E.4)
By

where P, is the image height in pixels.

E.4 Image rotation

Image rotation, 00, can be determined from a knowledge of the location of the centres of the
upper left (Y,,) and upper right (7,,.) orientation markers and the horizontal distance (AX, in
pixels) between which these centres were measured by the software according to equation E.5.

0= tan‘(%j (E.5)

E.5 Image magnification

No formulae are offered for calculating image magnification. However, this parameter can
easily be determined by calculating the distance (in pixels) between either set of vertical
orientation.
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