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Foreword

The text of document 100/1295/CDV, future edition 2 of IEC 61966-5, prepared by technical area 2,
Colour measurement and management, of IEC TC 100, Audio, video and multimedia systems and
equipment, was submitted to the |IEC-CENELEC parallel vote and was approved by CENELEC as
EN 61966-5 on 2009-07-01.

This European Standard supersedes EN 61966-5:2001.
EN 61966-5:2009 includes the following significant technical change with respect to EN 61966-5:2001:
Annex A has been deleted as it is no longer relevant.

The following dates were fixed:

— |atest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2010-04-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2012-07-01

Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 61966-5:2008 was approved by CENELEC as a European
Standard without any modification.

In the official version, for Bibliography, the following note has to be added for the standard indicated:

IEC 61966-2-1 NOTE Harmonized as EN 61966-2-1:2000 (not modified).




Annex ZA
(normative)

BS EN 61966-5:2009
EN 61966-5:2009

Normative references to international publications

with their corresponding European publications

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.

NOTE When an international publication has been modified by common modifications, indicated by (mod), the relevant EN/HD

applies.

Publication
IEC 60050-845

IEC 61966-3

ISO 5-4

ISO 9241-8

ISO/CIE 10526
ISO/CIE 10527
CIE 15

Year

1987

2000

1995

1997

1999
1991
2004

Title

International Electrotechnical Vocabulary
(IEV) -

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

Multimedia systems and equipment - Colour
measurement and management -
Part 3: Equipment using cathode ray tubes

Photography - Density measurements -
Part 4. Geometric conditions for reflection
density

Ergonomic requirements for office work with
visual display terminals (VDTs) -
Part 8: Requirements for displayed colours

CIE standard illuminants for colorimetry
CIE standard colorimetric observers
Colorimetry

EN 61966-3

Year

2000



BS EN 61966-5:2009

-2 - 61966-5 © IEC:2008(E)

CONTENTS
IN T R O DU C T LN Lottt et e ettt e et e et e e a e s et e n e e e ae b et te e e aea e n e aene taeaeannns .6
L Yoo ] o 1 = R 7
P N Lo T 0 0 F= R =T == L= L= i
S = g o= T o B0 L= o 7
d  Letters and symMDOlS ... et 9
> S o T o 11 €0 = .9
5.1  ENVIrONmMeEN Al CONAIIONS oottt e e e e e e et b ee et aetneassraeeanassannreanes .9
5.2 Conditions of MeasUremMeENtS .. ... e e et e 10
5.3  INpUt digital data ..o e e 11
6 Measurement eqUIPM et ... et ettt e 12
ST ST T=Toa { fo] = Lo o] a g1 =] (=] SO PR 12
ST O7o ] Lo ] 1= (=] TP 13
7 Spectral characteristics and intensity of the primaries and white ...................oooiiiiian, 13
7.1 Characteristics to be measured ... ... e 13
A ¥ [=F= E=T W= g =T L Ao ] e L (e ] 13
7.3 Method of MeasuremMent .. ... e e e 14
.4  Presentalion Of FESUIIS Lo i ettt et e e et r et rn e an et e s s enraaernarnnenns 14
8 Basic colorimetric CharaCteristiCs . ..o e 15
8.1 Characteristics 10 be MEasSUred .. ..o ettt e e rnnneeanns 15
8.2 Method of CalCUIatioN ... ettt e et e st s annaeennneeanns 15
8.3  Presentation Of FESUIS ..o ettt e e et e e e st e e ennaesanneeanns 16
S B I T 1= o =] = Lt (= = o 16
9.1 Characteristics to be mMeasuUred ... ... e e 16
9.2 Measurement CoONAIIONS . ... r e e et e e e e e e eanaearaernaenes 17
9.3 Method of MeasUrEmMENt .. ... e et eeae e e nanes 17
9.4  Presentalion Of FESUIS ... e et e nanes 18
10 Inter-channel depPenaeNCY ..o e e e e e e e e et e eea e rneraneennaerraernaenns 20
10.1 Characteristics to be Measured ... ... ... e 20
10.2 Measurement CONAItiON S ... e et ettt e e e e a e anees 20
10.3 Method of MeasuUremMEnt ... e et 21
10.4 Presentation Of FeSUIS .o et et e 22
11 Spatial MON-UNI Oy . ettt et e ea et 24
11.1 Characteristics t0 be MeasuUred ... ..o e aas 24
11.2 Measurement CONAI IO S ..ttt ettt b ettt ae et e b e e anenss 24
11.3 Method of MeEaSUrEmMENt .. et eeans 24
T1.4 Presentalion Of FESUIS .o et e it e et et b e e et e raa e e enn e ensennens 25
12 T emPOral StabD Y .o e 26
12.1 Short-term stability .....oovi e eans 26
12.1.1 Characteristics 10 D MEasSUIred ... ..o e e rens 26
12.1.2 Measurement CONAIIONS ... et e ettt aae s eanaaess 26
12.1.3 Method of MeasSUremM et . ... e ettt et eaeesinneeens 26
12.1.4 Presentation Of resUI S ... ettt ae e e anaaens 27
12.2 Mid-term stability ..o e e e e e 28

12.2.1 CharacteristiCs 10 De MEASUINEA .....ooiiiit e e e araee e araaeerreens 28



BS EN 61966-5:2009

61966-5 © IEC:2008(E) -3 -
12.2.2 Measurement CoNIIONS . ... e e et e e anaa e anneeenes 28
12.2.3 Method of MeasUremMent ... e et enes 28
12.2.4 Presentation of results. ... ..., 28
13 Surface reflection ... e 29
13.1 Characteristics to be measured ..., 29
13.2 Measurement CONAIIONS . ... et et e et e e nnenes 29
13.3 Method of MeasUremMENt ... e 30
13.4 Presentation of resuUIls . ... 30
14 Display area ratio characteristiCs . ... e 31
14.1 Characteristics to be measured ... ... 31
14.2 Measurement CONAIION S ...ttt ettt et et et e e eeraennennenes 31
14.3 Method of MmeasUremMEnt ... e eaeaes 31
T4 .4 Presentation Of FeSUITS ..ottt et et s st re et anerraeneansenaeneanes 32
S 1o [ToTe L= o o PP 33
Figure 1 — Equipment arrangement for non-contact measurements ...............cccovvviviviinninnn, 10
Figure 2 — Equipment arrangement for contact measurements...........oooiiiiii i, 11
Figure 3 — Size of a Colour PatCh ..ot et 11
Figure 4 — An example of the spectral radiance distributions r(4), g(A), HB(A) eeevieeeieininiinnn, 14
Figure 5 — Measured points and interpolated curves ... e 18
Figure 6 — Measurement points for spatial non-uniformity ..., 24
Figure 7 — Example plots for short-term stability ... e, 27
Figure 8 — Example plots for mid-term stability. ..., 29
Figure 9 — EQUIpMeENt arrangement . . e s 30
Figure 10 — Specification of @ White patCh.......coooiiiii e, 32
Figure 11 — Example plots for the display area ratio characteristics ..., 32
Table 1 — Input data for peak primaries and peak White ........ccoiiiiiiiiiiiii e 14
Table 2 — Example of reporting form for colours in maximum excitations.......................ooe.. 15
Table 3 — Example of reporting form .. 16
Table 4 — An example set of basic normalized data for tone characteristics ......................... 19
Table 5 — Digital inputs to generate colour patches for measurement of inter-channel
o (=T o T=T aTe [=T o Lon Y PP PPTTPTPRT 21
Table 6 — Example of normalized tristimulus values (the matriXx A).....ccveviiiiiiiiiiiiieeeenn, 23
Table 7 — Example of reporting fOrm ..ot e e et e ennens 26

Table 8 — Example of reporting form ... e 30



BS EN 61966-5:2009
-6 — 61966-5 © IEC:2008(E)

INTRODUCTION

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 production and
reproduction. This part of IEC 61966 deals with equipment using plasma display panels (PDP)
to display colour images for use in multimedia applications.

The methods of measurement standardized in this part of IEC 61966 are designed to make
possible the objective performance assessment and characterization of colour reproduction of
PDP displays which accept red — green — blue analogue or digital signals from electrical input
terminals and output colour images on PDP display screens. For PDP displays to which
analogue signals are applicable, the corresponding digital signals are taken into account. The
measured results are intended to be used for the purpose of equipment specific colour control
in order to enable colour management in open multimedia systems.
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MULTIMEDIA SYSTEMS AND EQUIPMENT -
COLOUR MEASUREMENT AND MANAGEMENT -

Part 5: Equipment using plasma display panels

1 Scope

This part of IEC 61966 defines input test signals, measurement conditions, methods of
measurement and reporting of the measured data, to be used for colour characterization and
colour management of plasma display panels in multimedia systems.

Colour control within equipment is outside the scope of this International Standard. 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 VVocabulary (IEV) — Chapter 845: Lighting/
CIE 17.4:1987, International Lighting Vocabulary (joint IEC/CIE publication)

IEC 61966-3:2000, Multimedia systems and equipment - Colour measurement and
management — Part 3: Equipment using cathode ray tubes

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/CIE 10526:1999, CI/E standard illuminants for colorimetry
ISO/CIE 10527:1991, CIE standard colorimetric observers

CIE 15:2004, Colorimetry

3 Terms and definitions

For the purpose of this part of IEC 61966, the definitions of IEC 60050-845/CIE 17.4, as well
as the following definitions, apply.

3.1
background
image on a screen of the PDP display other than the interested area of a colour patch

3.2

colour control

effort to convert equipment dependent colour image data to equipment independent data for a
specific colour space including tone characteristics
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3.3

colour patch, test area

square colour image on a screen of the PDP display subject to be measured for colour
reproduction, in which input data for the red, green and blue channels are kept constant within
the image area

3.4

CRT

colorimetrically well-controlled equipment using cathode ray tubes to present colour images
with digital inputs for reference

3.5
PDP display
any multimedia equipment using plasma display panels to present colour images

3.6
effective screen height
vertical dimension of the effective screen area

3.7
effective screen area
area where a picture can be produced

3.8

normalized (image) signal

input signal normalized by its full scale value, whose level is of interest in calculation and
evaluation of colour control function within PDP display, see also equation (1)

3.9

uncertainty (of measurement)

parameter, associated with the result of a measurement, that characterizes the dispersion of
the values that could reasonably be attributed to the particular quantity subject to
measurement

NOTE See also [16] 1.

1 Figures in square brackets refer to the bibliography
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4 Letters and symbols

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

A display area ratio
N number of bits in digital data for each channel

M maximum integer for non-negative N -bit system; M = 2N

digital data applied to red channel

digital data applied to green channel

DR

Dg

Dg digital data applied to blue channel

R normalized input level to red channel

G normalized input level to green channel
B normalized input level to blue channel
X

one of measured raw data using spectroradiometers and colorimeters
corresponding to tristimulus values

Y one of measured raw data using spectroradiometers and colorimeters
corresponding to tristimulus values in candela per square metre

A one of measured raw data using spectroradiometers and colorimeters
corresponding to tristimulus values

R’ linearized data for red channel taking into account the tone characteristics of the
channel

G’ linearized data for green channel taking into account the tone characteristics of
the channel

B’ linearized data for blue channel taking into account the tone characteristics of
the channel

X’ one of the tristimulus values normalized by ¥, (candela per square metre) for
peak white

Y’ one of the tristimulus values normalized by ¥, (candela per square metre) for
peak white

7z’ one of the tristimulus values normalized by Y, (candela per square metre) for
peak white

5 Conditions

5.1 Environmental conditions

All measurements specified in this standard shall be carried out in a dark room. Particular
attention should be paid to reflected illumination caused by the ambient objects (desktop,
wall, etc.) and to direct illumination from light-emitting indicators of measuring instruments.

A 1 h warm-up time should precede the measurements in 7.2, 9.2, 10.2, 11.2 and 14.2, if not
specified by the manufacturer of the equipment.

The mains voltage and frequency shall be at the rated values specified by the manufacturer of
a PDP display. When the mains voltage fluctuates, a regulated power supply should be used
to maintain the supply voltage within £5 % of the rated value.
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Other environmental conditions such as room temperature and relative humidity shall be
reported together with the results of the measurements.

If additional environmental conditions are described in the manufacturer's specifications,
these should also be taken into account.

5.2 Conditions of measurements

Contrast, brightness and additional adjustments shall be set to the preset positions specified
by the manufacturer of the PDP display under measurement. When the adjustment is set to a
position other than the preset, the position or corresponding value should be reported with the
results of the measurements.

The equipment arrangement for non-contact measurements should be as shown in figure 1. It
Incorporates a spectroradiometer or a non-contact colorimeter, depending on the character-
istics to be measured. The instrument optical axis should be normal to the centre of the
surface of the PDP display.

The distance 4 between the faceplate of the PDP display and the measuring instrument shall
be 4 i or larger, where § is the effective screen height of the display, see Figure 1.

NOTE 1 It is recommended to take precautions so that the measurement is not influenced by vibration and that
there are no missing picture elements within the field of view of the measuring instrument.

NOTE 2 The measurement area in the colour patch should include more than 500 picture elements.

PDP
1 T1 Spectroradiometer
or colorimeter
h i

Y

1 ]

d

< >

Data generator

[EC 1615/2000

h the effective screen height

Figure 1 — Equipment arrangement for non-contact measurements

The equipment arrangement for contact measurements should be as shown in Figure 2,
where a measurement probe is placed on the faceplate of the PDP display.



BS EN 61966-5:2009
61966-5 © IEC:2008(E) - 11 -

PDP

Colorimeter
(measuring probe)

[:DL (main body)

Data generatc}r

[EC 1616/2000

Figure 2 — Equipment arrangement for contact measurements

Test signals applied to red, green and blue channels shall result in a colour patch of the size
shown in Figure 3 on the PDP display. The positioning of the colour patch shall be referred to
by the centre as in Figure 3. The background shall be black, unless otherwise specified.

centre

‘,:'”’5 ..... e e * |

hi5
] i

IEC 18717/2000

h the effective screen height

Figure 3 — Size of a colour patch

The area for measurement shall be circular, centred on the colour patch, with a diameter
between 0054 and 0154.

5.3 Input digital data

The relationship between input digital data, Dr,Dg,Dg, of N bits and corresponding
normalized signal level for calculation shall be

(1a)
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Dg

G; = oV _1 (1b)
Dg

B, = x ;1 (1c)

where an index i denotes the i-th measurement step.

NOTE When the input signal is applicable in analogue voltage, the signal level normalized by the maximum input
voltage should correspond to the signal level for each step defined in equation (1).

6 Measurement equipment

6.1 Spectroradiometer

A spectroradiometer with the following specifications should be used for the measurements:

a) wavelength range including 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 0,001 in x, y and 0,5 % in luminance (cd/m?)

g) uncertainty 0,005 in x, vy for red, green, blue and white of a CRT and

4 % in luminance (cd/m?) for white of the CRT that has a
definite x, y and luminance value

The (x, v) is the CIE 1931 chromaticity coordinate specified in CIE 15.

NOTE 1 Periodic calibration should be done with a standard source of known spectral power distribution.

NMOTE 2 Further technical details of the design, characterization, and calibration of spectroradiometers can be
found in CIE 63 [17] and JIS Z 8724 [7].

NMOTE 3 The standard CRT is referred to because no standard PDP displays exist at the time of publication of this
part of IEC 61966. When it is available, the standard CRT should be replaced by the standard PDP display.

If the spectroradiometer used for measurements does not meet the above specifications, the
model name and specification of the equipment shall be reported together with the results of
measurements.
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6.2 Colorimeter

The colorimeter should have the following specifications:

a) measurement area 005h to 0154, where h is the effective screen height of
(contact type) the PDP display

b) field of view any value between 0,1° and 2,0°
(non-contact type)

c) spectral responsivity compliant to the CIE 2-degree colour matching functions as

defined in ISO/CIE 10527
d) repeatability 0,001 in x, v and 0,5 % for luminance
e) uncertainty 0,005 in x, v for red, green, blue and white of the CRT and

4 % in luminance (cd/m?4) for white of the CRT that has a
definite x, y and luminance value

The (x, y) is the CIE 1931 chromaticity coordinate defined in CIE 15.

NOTE 1 If the original uncertainty of the colorimeter does not meet this recommendation, correction methods are
available to improve the accuracy for the PDP display measurement. (See [5], [6] and [11].)

NOTE 2 The instrument should be calibrated periodically to assure the uncertainty recommendation given in item
e) above.

NMOTE 3 The standard CRT is referred to because no standard PDP displays exist at the time of publication of this
part of IEC 61966. When it is available, the standard CRT should be replaced by the standard PDP display.

The readings of the colorimeter, X, Y (in candela per square metre), and Z shall be normalized
by the luminance level of a peak neutral colour (white), ¥, (in candela per square metre), as

follows:

X

X' == 2
v (2a)
Y

¥ = 2b
v (2b)
Z

Z'=— 2
2 (20)

If the colorimeter used for measurements does not meet the above specifications, the model
name and specification of the equipment shall be reported together with the results of
measurements.

NOTE 4 It is known that small tilt angles of the contact-measuring head on the surface of the PDP display can
lead with some instruments to large chromaticity errors. Therefore, care should be taken.

NOTE 5 Synchronization of the colorimeter and scan timing of the PDP display should be taken into account.

7 Spectral characteristics and intensity of the primaries and white

7.1 Characteristics to be measured

Spectral radiance distributions and corresponding tristimulus values for the peak of three
primaries, red — green — blue, as well as white.

7.2 Measurement conditions

The arrangement of equipment shall be as in Figure 1 with the spectroradiometer.
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The colour signal shall be so generated that the colour patch is positioned at the centre of the
PDP display under measurement.

Digital data for the background shall be Dgr=0, Dg=0, Dg=0.

7.3 Method of measurement

The centred colour patches shall be generated following the measurement steps as shown in
Table 1, where M = 2% —1 and N is the number of bits per channel.

Table 1 - Input data for peak primaries and peak white

Steps Colours Dy Dg Dg
1 Peak red M 0 0
2 Peak green 0 M 0
3 Peak blue 0 0 M
4 Peak white M M M

Spectral radiance distributions »(4), g(4), b(4), w(4) for peak red, green, blue and white
images on the PDP display shall be measured successively by the spectroradiometer.

Readings of the spectroradiometer, X, Y-, Z,-, shall also be noted, where the suffix C
corresponds to R, G, B for primary colours; and to W for the peak white, respectively.

7.4 Presentation of results

The measured data for spectral radiance distributions shall be reported for peak colours red,
green, blue, and white.

The spectral radiance distributions r(A), g(A), b(A) shall be plotted for peak colours red,
green, and blue, respectively, as illustrated in Figure 4.

The readings of the spectroradiometer with an emulation function of colorimeters, X, ¥,
Z~, for peak red, green, blue and white shall be reported as a table as shown in Table 2.

U1DD4 I I I I | I I I
0,0035} -

0,003 r(A) |

0,0025F | 7

0,002} . -
0,0015}- ~

Relative light output

0,001} Y

0,0005F '

=

T = = —

0 — -
400 45 500 550 600 650 700 750
Wavelength (nm) IEC 1618/2000

Figure 4 — An example of the spectral radiance distributions »(4), g(4), b(A4)
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Table 2 — Example of reporting form for colours
iIn maximum excitations

Colours X Edfmg Z
Peak red 34,77 19,73 0,64
Peak green 16,18 40,82 5,12
Peak blue 17,59 14,37 75,53
Peak white 67,83 73,73 82,59

8 Basic colorimetric characteristics

8.1 Characteristics to be measured

Linear relation between maximum input excitation and the tristimulus values of light output.

8.2 Method of calculation

The reported results of measurement in 7.4 shall be used to obtain tristimulus values to
characterize the three primaries, red — green — blue, as well as white. The luminance in
candela per square metre shall be normalized as in equation (3) for red, green, blue and white
replacing the suffix C by R, G, B, and W, respectively;

, X

X¢= :rf (3a)
Y

e 3b

=Y (3D)

Ze="% (3¢c)
Y,

T

where the normalization factor Y is the measured luminance value in candela per square

M

metre for peak white, which is reported in Table 2.

The CIE 1931 x, y chromaticity coordinate values, x-, v, z- shall be calculated for primary

colours and for white as defined in CIE 15, where suffix C corresponds to R, G, B for primary
colours, and to W for white, respectively.

Xc

Xe = 4a
XL +Y.+Z (4a)
},r!
Yo =~ Ef ; {4b}
Xe+Yo+Zg
ze=1-xc—-yc (4c)
The elements of a 3x3 matrix, S, defined as

X’ R
Y =8| G (5)

Z’ B

shall be decided as In
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xR xglve xehB)(SR 0 O
s=| 1 1 1 0 Sg O (6)

zrfvr zglvg zelyB 0 0 Sg

where Sg, Sg., Sg are solutions of equation (7);

R/IVR xc/ve xB/ys|[SR xw /[ yw
1 1 1 ||sg|=| 1 (7)

zr/VR zg/¥e z8/v8 )\ SB zw /YW

and R, G and B are defined by equation (1) and have the values 0 or 1 corresponding to
peak excitations.

8.3 Presentation of results

The tristimulus values multiplied by 100 and the CIE 1931 x, y chromaticity coordinate values
shall be reported as a table, as shown in Table 3.

Table 3 — Example of reporting form

Tristimulus values H Chromaticity coordinates
Colours
X.-' Y.-' z.r “ l. '},

Peak red 47,16 26,76 0,87 0,636 0,358
Peak green 21,94 55,36 6,94 0,265 0,657
Peak blue 23,86 19.49 102,44 0,164 0,134
Peak white 92,00 | 100,00 | 112,02 0,303 0,329
NOTE CIE 1976 UCS coordinate values, u ", v’, and CIELAB values, L", a’,
b™ defined in CIE 15 may additionally be reported.

The coefficient matrix in equation (5) shall be reported as shown.

0463 3 0,213 5 0,243 2
S=10,262 9 0,538 5 0,198 6
0,008 5 0,067 6 1,044 1

The correlated colour temperature, defined in 9.5 of CIE 15, for peak white shall also be
calculated and reported in kelvins, together with the deviation ¢, .

NOTE For the recommended procedure to calculate correlated colour temperatures, refer to [15].

9 Tone characteristics

9.1 Characteristics to be measured

Non-linear transfer relationship between the normalized input signal level applied to each of
the red, green and blue channels and the normalized tristimulus values measured on a PDP
display.
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9.2 Measurement conditions

The arrangement of equipment shall be as in Figure 1 with colorimeter or Figure 2.

The input data Dg,, Dg, ., Dg, for measurement step i shall be so applied as to generate

colour patches positioned at the centre of the PDP display under measurement (see
Figure 3).

The digital input data for the background shall be D=0, Dg=0, Dg=0.

NOTE 1 For the relationship between digital data Dy, Dy, Dg and values of R, G, B, see equation (1).

NOTE 2 If the analogue input is used, the input signal should be of the same level which corresponds to the
digital data.

9.3 Method of measurement

The centred colour patches shall be displayed for values of input data Dy, Dg and Dg from

0, 12-'“*“, g2-"“’, L to M =2V _1

m m
where
m+ 1 is the number of data and should be at least 33;
N is the number of bits per channel.

For the red channel measurement, Dg= Dg=0; for the green channel, Dg=Dg=0, and for the
blue channel, Dgr= Dg=0 shall be kept, respectively.

The readings of the colorimeter for each colour patch on the PDP display shall be recorded
successively and noted as X[, Y., Z., where the subscript C shall be replaced by R, G and

B, for the red, green, and blue channels, respectively; and the superscript i corresponds to
measurement steps, i=0,1, 2,... m.

The measured tristimulus values shall be normalized by the values corresponding to the
maximum excitation for the last step m with input data M = gl

_Xe

X7

iC "
X

;

vz = 26
[{ Ym
c

z" _ “
ol —
Z e

where the subscript C shall be replaced by R, G and B.

(8a)

(8b)

(8c)
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9.4 Presentation of results
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Figure 5 — Measured points and interpolated curves

The measured and normalized data X", ¥ and Z~ for 0<i<m shall be reported as linear

e
and logarithmic plots for ¢= R, G, B with the interpolated non-linear transfer relation, as
shown in Figure 5.

The basic normalized data defined by equation (8) shall also be reported as shown in Table 4.
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for tone characteristics

Table 4 — An example set of basic normalized data

I Xﬁ YR# Zﬁ Xé }’é ZE Xé }E ZE
o} 0,0049| 0O0081| 0,2050)| 0,0037 | 0,0022)| 0,0176 ) 0,0000| 0,0007  0,0000
1] 0,005 | 0,0091| 0,2125] 0,004 3| 0,0020| 0,0020]| O,0006 | 0O,0007 | 0,0001
2|1 00140 | 0,0196 | 0,2268 | 00087 | 0,0074 | 0,0078)] 0,0028 | 0,0049 | 0,0015
3| 0,0208| 0,0264 | 0,2321)] 0,0167 | 0,0140| 0,0156) 00045 | 0,0056 | 0,006 2
41 00217 | 0,0273 | 00,2330 0,0185| 0,0157 | 0,021 5| 0,0057 | 0,006 3| 0,0077
o) 0,026 2| 0,0318| 0,237 1] 0,0210| 0,0211| 0,0293) 0,0114| 0,0125 | 0,014 2
6| 00338 | 0,0394 | 0,2427| 00303 | 0,0289 | 0,0293) 0,0159| 0,0181 | 0,0208
7] 00421 | 00475 | 0,2487 )| 0,0402 | 0,0390| 00,0391 00227 | 0,0244 | 0,0299
8] 0,056 2| 00616 | 0,2587| 0,047v0 | 0,0498 | 0,0527) 00364 | 0,0383 | 0,0425
9] 0,0699 | 0,0/53 )| 0,2/709) 0,064 3| 0,066 2 | 0,0645] 00449 | 0,048 7 | 0,054 3
10| 0,0844 | 00897 | 0,2826)| 00791 | 0,0824 | 00723 ) 00580 | 0,0626 | 0,0710
11| 0,103 3| 0,085 | 0,2958)| 00958 | 0,1007 | 0O,0938) 00716 | 0,0779 | 00,0867
12| 0,123 4| 0,1285| 0,306 3| 0,118V | 012386 | 0,1035) 0,0938 | 0,1002 | 0,107 1
13| 0,1440 | 0,1490 | 0,3270)| 0,1403 | 0,1451 | 01367 )] 01160 | 0,1204 | 0,1286
141 0,1699 | 0,1747 | 0,347 6| 0,1681 | 01725 | 0,1699) 01410 | 0,146 8 | 0,1558
15| 0197 3| 0,2020 | 0,36861)| 0,197 2| 0,2015| 0,1855)] 0,1649 | 0,1726 | 0,180 9
16| 0,229 2| 0,2338 | 0,3945)| 0,2262 | 0,2319| 0,2188 ) 0,194 4| 0,2025 | 0,2100
17 0,2584 | 0,2629 | 04114)]| 0,2583 | 0,264 2| 0,2500) 0,2246 | 0,2324 | 0,2398
18] 0,293 1| 0,2973 | 04406 )| 0,2923 | 0,2983 | 0,2871) 0,263 2| 0,2707 | 0,2759
191 0,3303 | 0,3345| 0,467 5] 0,3337 | 0,3400| 0,3301) 0,3024 | 0,3118 | 0,313 8
20| 0,3702 | 0,3740 | 0,4989] 0,3696 | 0,3757 | 0,3516| 0,3439| 0,3514 | 0,356 9
211 04122 | 04158 05306 04147 | 04216 | 04063 | 0,386 0| 0,3953 | 0,399 4
22| 04601 | 04636 | 0,5859]| 04481 | 04561 | 0447 3| 0,4349 | 04419 | 0,444 7
23] 05027 | 05057 0,616 4| 05006 | 0,5091 | 0,4961| 0,4804 | 0,488 5| 0,493 3
24| 05518 | 05547 )| 0,6583 | 05464 | 0,5520| 05430 0,5333| 0,5400 | 0,544 8
25| 06049 | 06074 06894 05977 | 06037 | 05996 | 0,5850| 0,5908 | 0,5953
26| 06611 | 06635)| 0,7359] 06520 0,6564 | 06504 | 06345 | 0,6395| 0,640 1
27| 0,7137 | 0,7158 )| 0,7614)| 0,7058 | 0,7115| 0,7070)| 0,6907 | 0,697 3| 0,697 3
28| 0,7756 | 0,7776 )| 0,8170) 0,7664 | 0,7703 | 0,7617 | 0,7572| 0,761 3| 0,762 2
29| 08321 | 08332 0,8762] 08195 | 0,8223 | 0,8184 | 0,8255| 0,8267 | 0,8295
30| 08652 )| 08860 0,9145) 0,8801 | 0,8858 | 0,8828| 0,8857 | 0,8880 | 0,8852
31 09515 | 09519 09704 09493 | 0,9515| 09512 | 09437 | 0,9443 | 0,943 5
32| 10000 10000 1,0000} 71,0000 1,0000| 71,0000 1,0000| 71,0000 | 1,0000
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10 Inter-channel dependency

10.1 Characteristics to be measured

Inter-channel relationship between input data and tristimulus values, X', Y*, Z’, of displayed
colours.

The relationship depending upon channel interaction shall be defined as follows:

s 1 3
R.n"
’ G’
X B’
Yy’ |=SxT| | (9)
. R'G
Z # o
GB
B'R’
RR;GFBI*J

where the variables R’, G', B’ are data obtained by interpolation of measured data, which are
reported as Xg, Y5, Zg in Table 4, namely

R = X&
G = Y& (10)
B = Z&

and dependent variables X', ¥', Z" are measured and normalized tristimulus values of light
output in accordance with equation (2). In equation (9), S is the matrix reported in 8.3 and T

is 3 x 8 matrix as follows:

11 12 13

S=|sp1 522 523

$31 §32 533
!ﬂ\' l||:‘11| EE". .|‘31| ril"'. fﬁf !El' !TT
T=|1g, |11, t2, 13,|t4, U5, 1l5,|17,
h"ﬁx M, 2, 13,14, 15, 16,|17,

NOTE The matrix S obtained and reported in 8.3 defines the dominant relation, and the matrix T defines the
inter-channel relations among red — green — blue channels.

10.2 Measurement conditions

The arrangement of equipment should be as in Figure 1 or Figure 2.

The input signal shall be so applied as to generate the colour patch of Figure 3 positioned at
the centre of the screen of the PDP display under measurement.

The input data for the background shall be Dg=0, Dg=0, and Dg=0.
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10.3 Method of measurement

The centred colour patches shall be displayed with the input data following the measurement
steps as shown in Table 5 for 32 colours.

Table 5 - Digital inputs to generate colour patches
for measurement of inter-channel dependency

Step, | Colour Dg Dg Dg
1 Grey 1 D, D, D,
2 Grey 2 D, D, D,
3 Grey 3 D4 D4 D4
4 Grey 4 Dy Dy Dy
5 Grey 5 De De D
6 Grey 6 Dg Dy Dg
7 Grey 7 D+ Dy D4
8 Grey 8 Dg Dg Dy
9 Red 1 Dy Dy Dy

10 Red 2 Dg D, D,
11 Red 3 Dg Dy Dy
12 Red 4 Dg Dy D,
13 Green 1 Dy Dy Dy
14 Green 2 Dy Dy Do
15 Green 3 Dy Dy Dy
16 Green 4 Dy Dg Dy
17 Blue 1 Dg Dy Dy
18 Blue 2 Dy apy Dg
19 Blue 3 Dy Dy Dg
20 Blue 4 Dy Dy Dg
21 Yellow 1 Dy Dy Dy
22 Yellow 2 Dy Dy D,
23 Yellow 3 Dy Dy D,
24 Yellow 4 Dg Dg Dy
25 Magenta 1 Dy Dy Dy
26 Magenta 2 Dy D, Dg
27 Magenta 3 Dy Dy Dg
28 Magenta 4 Dy Dy Dg
29 Cyan 1 Dy Dy Dy
30 Cyan 2 D, Dy Dg
31 Cyan 3 Dy Dy Dy
32 Cyan 4 Dy Dy Dy

In Table 5, the values of data D, shall be

o _[2¥ %k for k=0,...7,
k B a“'-'r—g
2 k-1 for k=8.

where N is the number of bits per channel.
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The tristimulus values X/, Y/, Z/, normalized in accordance with equation (2), shall
successively be measured by the colorimeter for i=1 to /=32 for all colour patches on the

PDP display.
The data R/ = Xg., G; =Yg, , and B; =Zg_, corresponding to Dg., Dg., Dg in Table 5, shall

be calculated by interpolation using the set of data reported in Table 4. Values of coefficient
matrix, T, defined in equation (9) shall be calculated as follows:

T = 5_1(([11[}]_1[}’;&]{

where the matrices D and A are defined as follows:

(1| R; G, B[| RIG| G/B, B[R | R/GB]
1\ R; G; B;| RyG;  G;B;  BjR; | R;G3Bj;

D=
1 Réi’ Géﬁ Béﬂ RZ;-EGf;E Gf;lEBéE BEE Rf.;-E Ef;EGéEBéEJ

(X ¥ Z)

X, Y, Z]

A= ‘E E ‘E

#* &, #
X3 T Z3p)

10.4 Presentation of results
The matrix T shall be reported as shown below.
(-0,0098 | 1,0776 0,0072 0,0245|-0,0477 0,0023 -0,0499| 0,0280

T=| 0,0039 (-0,0089 09952 -0,00/76| 0,07/64 0,0821 0,0155|-0,1913
0,0043 | -0,006 7 -0,0043 1,0850 | 0,0120 0,0646 0,0495|-0,1294

The measured and normalized data shall also be reported as shown in Table 6.
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Table 6 — Example of normalized tristimulus values
(the matrix A)

i X’ Y’ Z'
1 0,011 4 0,013 5 0,011 3
2 0,044 2 0,048 7 0,053 4
3 0,109 3 0,120 9 0,131 2
4 0,209 4 0,228 9 0,254 8
2 0,346 9 0,376 7 0,429 4
6 0,519 7 0,558 3 0,647 1
7 0,724 5 0,774 0 0,898 8
8 0,938 7 1,000 0 1,164 2
9 0,108 5 0,062 2 0,001 7
10 0,292 2 0,190 0 0,058 0
11 0,495 8 0,281 3 0,008 4
12 0,601 7 0,453 1 0,262 9
13 0,049 5 0,124 8 0,016 2
14 0,153 9 0,321 9 0,090 2
15 0,215 5 0,541 5 0,069 6
16 0,381 2 0,650 9 0,310 5
17 0,058 3 0,048 8 0,236 7
18 0,179 8 0,159 6 0,608 3
19 0,265 0 0,215 3 1,111 5
20 0,424 6 0,403 0 1,129 5
21 0,148 1 0,184 9 0,012 7
22 0,390 1 0,469 4 0,092 4
23 0,701 7 0,838 7 0,077 7
24 0,764 4 0,892 4 0,329 8
25 0,165 1 0,109 6 0,247 2
26 0,419 8 0,298 1 0,630 7
27 0,748 6 0,490 0 1,154 9
28 0,803 3 0,624 7 1,171 9
29 0,127 4 0,192 2 0,270 6
30 0,312 1 0,457 5 0,666 0
31 0,507 7 0,802 2 1,235 9
32 0,616 3 0,859 8 1,236 6
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11 Spatial non-uniformity

11.1 Characteristics to be measured

Non-uniformity of lightness (see IEC 60050-845, IEV 845-03-54 and IEV 845-03-56) and
chromaticity coordinates over the entire PDP display screen.

11.2 Measurement conditions

The arrangement of the equipment should be as in Figure 2.

11.3 Method of measurement

The data Dr = M, Dg = M, and Dg = M shall be applied to display white over the entire PDP
display surface, where M = 2V —1 and N is the number of bits per channel.

Tristimulus values, X,, Y;, Z;, shall be measured using the colorimeter at 25-point
(1<i<25) as shown in Figure 6.

! : ! ! '
| No.1 i No.2 | No.3 | No.4 i No.s |10 A
i i A
- i i i : hl5|
i  No.6 i No.7 i No.8 i No.9 i No.10|

T .,_._,_._,_.+_.'.,_._,_._,_._,_._E [ — _,.i..tf..-_.__.-_.-.-i..lr:.__.__.__.__.:rf.-.-.-_.. .
i i Al
i No.11 i No.12 i No.13 | No.14 | No.15
- - - ! ! h
i E i i i
i E i i i A5
! No.16 ! No.17 2 No.18 L No.19 ! No.20|

e iAo i& ik ik 1 __ X
: i i i E A
I ] ] 1 1
i i i i i W5
I 1 i I I
] No.21 : No.22 : No.23 : No.24 : No.25| Y

S — u_._._._‘_.!-._‘_._‘_._‘_ N _: ‘_._‘_._‘_._‘_._‘i. ‘_._‘_._‘_._‘_._.-i _._‘_._‘_._‘_._‘-.: n—r—o—r—0d meo—r—os e
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Figure 6 — Measurement points for spatial non-uniformity
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The following colour differences in the CIE 15 1976 UCS and in the CIE 1976 L'a b  colour
space shall be calculated with reference to the data X453, Yy3, Z43 which correspond to the

centre of the PDP display.

Au; =u; —ujs (11a)
AV, = v — v, (11b)
AUV, = JAu? + AV (11c)
AL, = L. — Lia (11d)
AC, =a;? +b2 —\Jay3 + by? (11e)
where «’, v and L . a*, b are defined in CIE 15 as in
i = — X (12a)
X;+15Y, +32Z,
v = (12b)
X; +15Y; +3Z;
1
. Y. |3
L, :116(—’] -16 (13a)
Yi3
1 1]
. Y. )3 v )3
:500{ ! ] _[ , J | (13b)
X13 Y3
1 1]
. )3 - \3
b =2nu<[ f ] _[ Zi ] ; (13¢)
Yia Zq3
NOTE These equations are valid for _Yi_ . gpogase
H3
11.4 Presentation of results
As the indices of non-uniformity, the calculated results, Au’, Av', Au’V', AL and AC, for

1<i< 25 shall be reported as shown in Table 7. For interpretation and requirement for the
values of Au’v', ISO 9241-8 shall be referred to.



Table 7 — Example of reporting form

— 26 —

BS EN 61966-5:2009
61966-5 © IEC:2008(E)

Position Au’ Ay Au’v’ AL AC
1 -0,0090 | -0,006 0 | 0,018 2 -0,75 | 8,50
2 -0,0030 | -0,0101 | 0,0105 0,47 | 8,91
3 0,000 7 | -0,0057 0,005 7 -1.44 5,39
4 -0,0085 | -0,0079 | 0,0116 0,35 | 9,11
5 -0,0070 | -0,0027 | 0,0075 4,12 | 6,41
6 0,000 1 -0,007 0 | 0,007 O -0,15 6,47
7 0,0012 | -0,0089 | 0,0090 -0,04 | 8,58
8 0,0005 | -0,0023 | 0,002 4 2,23 | 2,35
9 0,0007 | -0,0083 | 0,0083 2,19 | 7,98

10 -0,0055 | -0,008 6 0,012 1 0,29 8,10
11 -0,006 4 | -0,0057 | 0,0086 -2,24 | 6,52
12 -0,0006 | -0,009 7 0,009 7 -0.,29 8,70
13 0,000 0 0,0000 | 0,0000 0,00 | 0,00
14 -0,0058 | -0,004 3| 0,007 2 -0,37 | 5.65
15 -0,0048 | -0,0108 | 0,0118 -1,02 | 9,54
16 0,0017 | -0,0101 | 0,0102 -1,33 | 9,66
17 -0,0057 | -0,004 2| 0,0070 0,86 | 5,65
18 -0,0019 | -0,0011 | 0,0022 3,18 | 1,80
19 -0,0020 | -0,008 7 0,008 9 2,86 7,83
20 -0,0015 | -0,0095 | 0,0096 2,71 | 8,65
21 0,001 2| -0,007 3 0,007 4 2,93 7,31
22 0,0014 | -0,0093 | 0,009 4 2,33 | 9,19
23 0,0020 | -0,0082 | 0,008 4 1,73 | 8,30
24 -0,0036 | -0,0085 | 0,009 2 4,20 | 7,85
25 -0,007 2 | -0,004 1| 0,008 3 269 | 6,76

12 Temporal stability

12.1

12.1.1

Stability of colour reproduction upon first turning on the PDP display.

Short-term stability

12.1.2 Measurement conditions

Characteristics to be measured

The arrangement of the equipment should be as in Figure 1 or Figure 2.

The PDP display shall be turned off for more than 2 h before the measurement.

12.1.3 Method of measurement

The input data Dr = M, Dg = M, and Dg = M shall be applied with the result so that the entire
surface of the PDP display becomes white, where m=2" -1 and N is the number of bits per

channel.

The luminance Y in candela per square metre and the chromaticity coordinate values x, y as
in the CIE 1931 diagram shall be measured using the colorimeter at the centre of the screen
every minute for a duration of 2 h.
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The time average of the measured luminance Y shall be calculated as follows:

41
F=—— % V- 14
20 2" (14)

12.1.4 Presentation of results

The luminance Y versus time shall be plotted as a graph, where the vertical axis shall be
from Y —10 (in candela per square metre) to ¥ +10 (in candela per square metre).

The chromaticity values x, y shall also be plotted as curves, where the vertical axis shall be
from 0,2 to 0,4, as shown in Figure 7.
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IEC 1621/2000

Figure 7 — Example plots for short-term stability
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12.2 Mid-term stability
12.2.1 Characteristics to be measured

Stability of colour reproduction of PDP displays in daily use.

12.2.2 Measurement conditions

The arrangement of the equipment shall be as shown in Figure 1 or Figure 2.
The PDP display shall be turned off for more than 2 h before the measurement.

12.2.3 Method of measurement

The input data Dr = M, Dg = M, et Dg = M shall be applied to produce white on the entire
surface of the PDP display, where M=2" —1 and N is the number of bits per channel.

The luminance In candela per square metre and chromaticity coordinate values x, y as in the
CIE 1931 diagram shall be measured using the colorimeter at the centre of the screen every
10 min for a duration of 24 h.

The time average of the measured luminance Y shall be calculated as follows:

LI o (15)

144 ~

12.2.4 Presentation of results

The luminance Y versus time shall be plotted as a graph, where the vertical axis shall be
from ¥ -5 (in candela per square metre ) to ¥ +5 (in candela per square metre).

The chromaticity values x, y shall also be plotted as curves, where the vertical axis shall be
from 0,2 to 0,4, as shown in Figure 8.
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NMOTE The arrangements of equipment to measure short-term stability and mid-term stability should be the same.

Figure 8 — Example plots for mid-term stability

13 Surface reflection

13.1 Characteristics to be measured

The luminance factor (IEC 60050-845, IEV 845-04-69) of the PDP display surface.

13.2 Measurement conditions

The PDP display under measurement shall be turned off. The faceplate of the PDP display
shall be illuminated and measured in the 45/0 geometry according to ISO 5-4, as shown in
Figure 9.
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The light source shall be an incandescent source having a spectrum close to the CIE
Standard llluminant A (2 856 K £ 100 K) defined in ISO/CIE 10526. The size of the source and
the distance to the display shall be chosen so that the angle subtended by the largest
dimension of the source from the display centre is less than 5° + 2,5°. The angle of incidence
of the light source shall be set to 45° + 3°. The spectroradiometer shall measure a circular
area of a diameter of 0,05 » to 0,15 h at a distance of d =44, where & is the effective screen
height. The spectroradiometer shall be optically shielded from direct illumination from the
source,

Light source

PDP display

Spectroradiometer
or colorimeter
IEC 162372000

Figure 9 — Equipment arrangement

13.3 Method of measurement

A white diffuse reflectance standard (for example, pressed/sintered polytetrafluoroethylene
(PTFE) or barium sulphate), calibrated for 45/0 luminance factor f,, shall be introduced in

place of the CRT screen, and the luminance L, shall be measured under the illumination.

The PDP display under test shall be placed and the luminance L, shall be measured under the
illumination.

The luminance factor S, shall be calculated by

By =—— (16)

For an alternative method of measurement, refer to annex B of IEC 61966-3.

NMOTE The level of the illumination should be adjusted so that the measurement can be conducted within readable
range of the measuring instrument.

13.4 Presentation of results

The luminance factor f, shall be reported in percentage points, as shown in Table 8.

Table 8 — Example of reporting form

Illuminance Luminance factor
cd/m? %
Lp Ly Ps
4 73 113,70 3,91
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NOTE 1 See also annex D of |IEC 61966-3 for a suggested interpretation of the measured result.

NOTE 2 For evaluation of external light source, refer to annex C of IEC 61966-3.

14 Display area ratio characteristics

14.1 Characteristics to be measured

Relationship between the ratio of displayed white patch against the whole display area and
the normalized luminance level of the white patch.

14.2 Measurement conditions

The arrangement of equipment shall be as in Figure 1 with the colorimeter or as in Figure 2.

The colour signal shall be so generated that white patches are positioned at the centre of the
screen of the PDP display under measurement.

The digital input data for the background shall be Dg = 0, Dg = 0, and Dg = 0.

14.3 Method of measurement

The size of the centred white patch shall be as shown in Figure 10. Display area ratio, A4,
shall be defined as follows:

_M

C

A %100 (%) (17)

where N is the number of lit cells and N¢ is the number of cells in the whole display area of
the PDP display.

The white patches shall be sequentially displayed for 19 equally stepped values of 4 from

4=5,10, 15,..., to 100. Input data shall be Dg = M, Dg = M, and Dg = M, where M =2V"1_1
and N is the number of bits per channel.

The luminance Y in candela per square metre and the CIE 1931 chromaticity coordinate
values x, y shall be measured using the colorimeter at the centre of each white patch on the
PDP display.
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Centre

JARI10 \.

\/wa‘lﬂ

IEC 162472000

A display area ratio

Figure 10 — Specification of a white patch

14.4 Presentation of results

The luminance Y versus the display area ratio 4 shall be plotted as in Figure 11a. The
CIE 1931 chromaticity coordinate values x, y shall also be plotted as curves, where the
vertical axis shall be from 0,2 to 0,4, as shown in Figure 11b.
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Figure 11 — Example plots for the display area ratio characteristics
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