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EOREWORD

LIy LIy

nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization‘co
ational electrotechnical committees (IEC National Committees). The object of IEGC)is’ to

interhational co-operation on all questions concerning standardization in the electrical and eléctronic fi

this

end and in addition to other activities, IEC publishes International Standards, Technieal Specif]

Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter  referred to

Publ

cation(s)”). Their preparation is entrusted to technical committees; any IEC National Committee in

in the subject dealt with may participate in this preparatory work. International{_governmental a
govgrnmental organizations liaising with the IEC also participate in this preparation. IEC collaborateg

with
agre

The

the International Organization for Standardization (ISO) in accordance\with conditions detern
ement between the two organizations.

formal decisions or agreements of IEC on technical matters express)asnearly as possible, an inte

consiensus of opinion on the relevant subjects since each technical*committee has representation
interpsted IEC National Committees.
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Publications have the form of recommendations for international use and are accepted by IEC
mittees in that sense. While all reasonable efforts are made  to ensure that the technical conten
cations is accurate, IEC cannot be held responsible\for the way in which they are used or
terpretation by any end user.

der to promote international uniformity, IEC Natipnal Committees undertake to apply IEC Pub

trangparently to the maximum extent possible inytheir national and regional publications. Any diy
betwleen any IEC Publication and the corresponding national or regional publication shall be clearly ind
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tself does not provide any attestation -of conformity. Independent certification bodies provide cdg

asselssment services and, in some areas{ access to IEC marks of conformity. IEC is not responsible]

serv
All u
No |

ces carried out by independent certifieation bodies.
pers should ensure that they have’the latest edition of this publication.

ability shall attach to IEC orits directors, employees, servants or agents including individual exp

members of its technical committees and IEC National Committees for any personal injury, property da

othe

damage of any nature\Wwhatsoever, whether direct or indirect, or for costs (including legal fg

expgnses arising out of, the publication, use of, or reliance upon, this IEC Publication or any of
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Electronic display devices.

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

FDIS Report on voting
110/636/FDIS 110/652/RVD

tiohal Standard IEC 61988-2-6 has been prepared by IEC technical committee 110:

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.
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A list of all the parts in the IEC 61988 series, under the general title Plasma display panels,
can be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amphded-

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

IMPORTANT - The 'colour inside' logo on the cover page of this publication indicates
that |it contains colours which are considered to be useful for the coarrect
undefstanding of its contents. Users should therefore print this document usjng a
coloyr printer.
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PLASMA DISPLAY PANELS -

Part 2-6: Measuring methods —
APL dependent gamma and colour characteristics

eristics as (
the luminance level of a PDP module is dependent on the APL (average picture level) af input
imageg. Varying the input levels causes a change of the chromaticity of RGB primary cplours.
This standard also defines the measuring methods of tone characteristics and chromaticity
characteristics with varying APLs. This standard is based on the assumption|that the inverse-
gamma circuit is inside the module.

2 Normative references

The following documents, in whole or in part, are normatively<«referenced in this documegnt and
are indispensable for its application. For dated references, only the edition cited appli¢s. For
undatgd references, the latest edition of the referenced document (including any
amendments) applies.

IEC 60068-1, Environmental testing — Part 1: General and guidance

IEC 60107-1, Methods of measurement on receivers for television broadcast
transmiissions — Part 1: General considerations — Measurements at radio and| video
frequehcies

IEC 61]966-5, Multimedia system‘and equipment — Colour measurement and management —
Part 51 Equipment using plasmajdisplay panels

IEC 61|988-1, Plasma display panels — Part 1: Terminology and letter symbols

IEC 61|988-2-1, Plasma display panels —Part 2-1: Measuring methods — Optical and
optoelectrical

CIE 15:2004) Colorimetry

ITU-R Rec. BT.709-5, Parameter values for the HDTV standards for production and
international programme exchange

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60068-1,
IEC 60107-1 and IEC 61988-1, as well as the following apply.

3.1.1
tone
characteristics of the relationship between input signal level and output luminance
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3.1.2

colour difference

difference between two colour stimuli, defined as the Euclidean distance between the points
representing them in a specific colour space such as CIE 1976 u’v’ colour space.

3.1.3

colour gamut area

two-dimensional maximum area of reproducible colours expressed in the CIE 1976 colour
space defined in CIE 15

3.2 Abbreviations

For thg purposes of this document, the following abbreviations apply.
APL |Average picture level

CCT |[Correlated colour temperature

LMD [Light measuring device

PDP |Plasma display

4 Measurement equipment

4.1 Video signal generator

An analogue video signal generator or a digjtal video signal generator is used. The| signal
characteristics shall match with the measured PDP module. Input signal, in this document,
means|a pre-gamma signal and APL meansia post-gamma APL.

4.2 Non-contact LMD (light measurement device)

When psing a non-contact LMD;the non-contact LMD incorporates a spectroradiometger or a
non-contact colorimeter as ‘shown in Figure 1. The detail conditions are defined in
IEC 61[988-2-1, where a nan-contact LMD is described as an LMD.

NOTE: |See IEC 61966-5¢
4.3 Contact LMD

When |using.a.contact LMD, the measurement probe shall be placed perpendicular|to the
display sutface and include at least 500 pixels in the measurement aperture. It shall be
confirn|1ed that the results measured by the contact LMD are the same as the [results
measured-by themon=comtacttvib:

5 Measurement conditions

5.1 General

The following standard setup conditions shall be used. Each condition shall be noted on the
relevant specification whenever any different conditions other than the standard setup
conditions are applied. (See the measuring conditions in IEC 61966-5 and IEC 61988-2-1.)

5.2 Setup conditions

All measurements shall be carried out in a dark room. llluminance shall be less than 1 Ix
anywhere on the screen of the PDP module. When this illuminance significantly affects the
measurement of the black level, the background subtraction method shall be used. When a
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different illuminance or the background subtraction method is used, this shall be noted on the
report.

The warm-up time shall be longer than 30 minutes with a signal input set at 15 % grey level
on full screen without gamma correction, unless other specified measuring methods are used.
When different warm-up conditions are used, they shall be noted on the report.

For the measurement of tone characteristics, the conditions of contrast and colour
enhancement functions to preserve the tone characteristics of the panel itself shall be applied
and noted on the report. The image sticking preventing function (for a still image) shall be
turned off, or some procedures in which the function is kept inactive can be applied.

5.3 Measuring layout

The mpeasuring equipment shall be set as shown in Figure 1 for a non-contact LMD |and in
Figure|2 for a contact LMD. The optical axis of the non-contact LMD should be’normal to the
centre|of the display surface. It is recommended that the measuring distance ¢y of LMD is
2,5V, where V'is the effective screen height of the display.

PDP module
______________ 4 LMD
! : N N S O A 3 S --
I Pattern ! ’ l
i | generator | 0
i ' Measuring distance |
1 ' B

Control PC

(iflused) / \

IEC

Figure 1 -\Measuring layout for non-contact measurement

The measuring layoutfor a contact LMD is shown in Figure 2. A measurement probe shall be
set to the surface efithe display.
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PDP module

W

(Measurement probe)

Pattern
generator

Control body

Control PC
(if used)

5.4

For th
signals

Figure 2 — Measuring layout for contact measurement

nput signal level and picture level

. The input signal level is the level of the analogue video signal and is indic

percent (0 % to 100 %, Iy o, to 74qg o, respectively), while the conventional digital input

the lev
of the
input
output
which
Figure

NOTE

255. Th
235. Th
the con

IEC

e measurement, analogue video signals or digital video signals are used as input

ated in
data is

el of the digital input video signal having a value from 0 to 2¥-1, where N is the qumber

bits for the digital video signal. When N is*8;256 grey steps are used. Basically these

Felates to luminance, is used for thevoutput luminance level of the post-gamma
3 shows these relationships.

n the ITU-R Rec. BT.709-5 8-bit-digital video signal, the digital data is compressed to 16 to 235 f|
b input signal at level 0 % is theldigital data of 16 and the input signal at level 100 % is the digita
b input digital data is modified to' this relationship as shown in Annex A. In this document the proc
entional digital signal is mainty mentioned.

ideo signals are pre-gamma signals having an applied gamma correction of 2)2. The
luminance level is related to 2,2t power of the input signal level. The term picturle level,

signal.

rom O to
data of
edure of
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signal

Digital data
(D)
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1= DI(2"-1) x 100 (%) °
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Pre-gamma signal
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Analogue
video signal

Input signal
level

()

(2,2th power of 1)

ﬂ Reverse gamma conversion

Post-gamma signal

Output
luminance
signal

Picture
level
(")

| — | APL (average pictare level):

the average of_an/image on
the total screen

ﬂ Automatic brightness control (ABL), etc.

Panel
driving
signal

ﬂ Panel.characteristics

Output
luminance

(L)

IgC

a For fhe use of the ITU-R Ree. BT.709-5 8-bit digital signal, the relationship between the input signal level and
the digital data is as follows:

6 MTasuring methods of tone characteristics

I = (D-16)/(235-16) x 100 (%)

Figure 3 — Input signals and signal processing in a PDP module

6.1 Purpose

The purpose of this method is to measure the tone characteristics of a PDP as a function of
the APL. The following items are then measured:

a) APL dependent gamma characteristics,

b) signal level and APL dependent CCT (correlated colour temperature), and

c) signal level and APL dependent chromaticity coordinates (u’v’).

NOTE u'and v'are CIE 1976 UCS diagram coordinates defined in CIE 15.
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6.2 Input signals

6.2.1

General

To measure the tone characteristics with a fixed APL, a number of APLs to be evaluated shall
be defined first. Nine APLs of 10 %, 20 %, 30 %, 40 %, 50 %, 60 %, 70 %, 80 % and 90 %
should be applied. When other APLs or level selections are used, the levels shall be noted in
the report. Four kinds of signals for measurement of the tone characteristics are as follows;

a) 11-

step grey bar with fixed APL,

b) single grey window with fixed APL,

c) 11-step RGB bar with fixed APL

d) sin
6.2.2
The de

a) Th

and the signal levels of the windows, /o, t0 /4og o, are at 0 %10 %, 20 %, 30 %
%, 60 %, 70 %, 80 %, 90 % and 100 % respectively, or in~8-bit digital input data at O,

50
26
wir
ren

gle colour window with fixed APL.
11-step grey bar with fixed APL
tails of the signal are as follows:

b input signal of the 11-step grey-bar patterns is applied The patterns have 11 w

51, 77, 102, 128, 153, 179, 204, 230 and 255 respectively. In the measurems
dow at the measuring signal level is moved to the¢screen centre and each
haining 10 unused grey pattern bars shall be displayed either in the top or the

grg

sig
be
the
89

b) Th

c) In
cor

wh
of
and

NO7

pall:erns. For the measurement of other signal levels, a simple procedure in wh

ups of the 5 bars as shown in Figure 4. Figure 4.shows just an example of 11 g

al levels of the centre window and one of remaining 10 grey bars are exchange
applied. If the area of each bar in grey pattern is 0,98 % of the whole screen are

22 % (100 % — 10,78 %).
b background level shall be changed,to maintain the APL.

Figure 4, the average picture level of the 11-step grey-bar signal is calq
sidering the conventional 2,2'gamma conversion as follows:

APL(%) =.10,78 x 0,330 6 + 89,22 x (Dgk /(2MN-1))%:2

bre 33,06 % is the-picture level of the average of 11-step grey bars and N is the 1
bits of the input signal. Dgy is an input digital data for background in an N-bit
is calculated. as follows:

Dgg = (2M-1) x (( APL(%)-3,564) / 89,22 )1/2.2

[ES(Eor each R, G and B channel, Dy . Dgy g and Dg, p for the background input digital dat

ndows
40 %,

ent the
of the
bottom
ey-bar
ch the
ed may
8, then

whole grey-bar area is 10,78 % (0,98%% x 11). Therefore, the background area is

ulated

(1)

umber
5ystem

are as

folld

LSS

D D D D

BK.R ~ BK,G = PBK,B T PBK
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1/17H ©
<« 617H % ‘bcb

IEC

vV screen height

(</C)
H scregn width AN\

6.2.

The ddtails of the signal are as follows

a)

Key

O 9 T =

N

Figure 4 — An example of an 11-stepQ|Qj -bar pattern
s\\‘r

3 Single grey window with fixed APL

in Figure 5. The window is generate h each grey input data to be measured,

A dingle window pattern is used to mea;ﬁ&the tone characteristics of the PDP as

shown
gnd the

bagkground shall be changed to maintain a specific APL of the total screen area while

mefasuring the window with the Q@nging input signal level I from 0 % to 100 %, ie.

110) % as defined in 6.2.2.
O

1/5 H Measurement point

K

()Q~ 4 % screen area
3
N

Io%to

7 0% 10 10U 7% Mner pattern to be measured (Dy,)
Background (Dgy)
IEC

screen height

screen width

input digital data for background in N-bit system and
digital input data of 4 % grey window.

Figure 5 — Example of 4 % window pattern for measuring the tone characteristics

b) A 1/5 horizontal and vertical sized window, approximately 4 % of the total screen area, is

used.

c) The APL of the pattern in Figure 5 is calculated by reverse gamma correction as follows:
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APL(%) of pattern =4 x (Dy/(2"-1))** + 96 x (Dgy/(2"-1))** 3)

where Dy, is the digital input data of the 4 % grey window, Dy is the digital input data of
the background, and N is the number of bits of the input signal.

NOTE For the R, G and B component of the window and background, the digital input data D, o, Dy, 5 and
Dy > and Dgy g, Dy ¢ and Dgy g respectively is as follows: ' '

Dyr =DPue =Pug =Pum

Dgk r = Pgk,6 = Pek,e *Psk

d) The input digital data for background Dgy is obtained using the following equation for a
specific APL:

Dgk = (2"-1) x ((APL(%)-4 x (Dy/(2"-1))2:2)/96 )1/2.2 Q/Q (4)
6.2.4 11-step RGB bar and single colour window with fixed APL q/§b
/
The ddtails of the signal are as follows: O_)(b%

a) A Bbar or single window pattern for each RGB primary is also génerated and measyred as
shown in Figure 6.

IEC

a) R-bar, G-bar and&-\@ar window with varying input levels

. IEC
OQ~ b) 4 % R, G and B single window with varying input levels
Q/C) Figure 6 — RGB bar and single window pattern
b) Thetnputdigitat-datarforbackgrotnd Pgrofeach wraew-barpa erfi——gtte 6 a)
is calculated by the following equation (5).
Dgk = (2V-1) x ( ( APL(%)-10,78x (0,330 6)/3 )/89,22 )1/2.2 (5)

c) For the input digital data for the background of the R, G and B single window pattern
shown in Figure 6 b), the following equations (6), (7), and (8) are used.

Dgk = (2%-1) x ((APL(%)-4 x (Dg/(2N-1))*?/3)/96)1/2:2 (6)
Dgg = (2"-1) x ((APL(%)-4 x (Dg/(2V-1))??/3)/96)1/2.2 7)

Dgk = (2%-1) x ((APL(%)-4 x (Dg/(2VN-1))*?/3)/96)1/2,2 (8)
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where Dg D¢ and Dg are the digital data of the window of R, G and B, respectively, and N is
the number of bits for the input signal.

The window is generated with each primary colour input data to be measured. The
background shall be changed to maintain a specific APL of the total screen area while
measuring the window with the changing input signal level 7 from 0 % to 100 %, i.e. I o, tO
I100 o, as defined in 6.2.2.

6.3 Measuring procedure

The foIIowing procedure shall be used:

a) AH
b) Tu

c) Wg
d) Se

e) Inp
Fig

DP module shall be set in the measuring condition shown in Figure 1.

n off all functions that enhance the contrast and colour of the display-to measulre the
tonle characteristics of the PDP module.

rm up the PDP module with an input signal of full screen white for'an hour.
the APL to 10 %.

ut each of the window signals or grey pattern signals/to-be measured as sh
ure 4, Figure 5, and Figure 6.

f) Mejasure the luminance and chromaticity coordinatesu’;”v’) at screen centre by ch

the
g) Ch

input signal level for each of the 11 input signal {evels.
Ange the APL and repeat e) to f) to measure the tone characteristics for each

remaining APLs.

NOTE
transfor

where x

Figure

"and v' are CIE 1976 UCS diagram coordinates/defined in CIE 15. The values of 4' and v' coordin|
ned from the measured x and y values using the‘following equations:

w = 4x/(3 — 2x + 12y)

v'=9y/(3 - 2x + 12y)

and y are CIE 1931 chromaticity coordinates.

7 shows an example of the result of gamma characteristics in 9 APLs.

bwn in

fanging

of the

ates are

9)

(10)
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6.4
6.4.1
The m

a) The

€ 4
3 200
= ---8-—-10% APL
Q 180 || @ 20%APL -
< ©30% APL
E 160 k|~ 40% APL o
3 |- *-—-50% APL o o
140 H o 60% APL £
————— -—70% APL ° A
120 | ---@ - 80% APL 3 3 .
© - 90% APL 7o ¢ T
100 O] ®
0
80 - 5 o (])
o
60 . ’ § P [ ] Q )
? -
60 70 80 90 100
Input signal level (%)
IEC

with input digital data.

Fxpression of results

Measurement report

pasurement report shall include the following items:

Figure 7 — An example of results of gamma characteristics for each APL

measured result of the luminance shall be reported as a table, as shown in T

Table 1 — An‘example of a tone measurement report

able 1

Input Output: Display luminance Output:
Picturg level
Signall step 8-bit input” |Digital data of | Input signal Measured Normalized | Conveptional
digital data ITU-R Rec. level luminance luminance® 2,2 gamma
BT.709-5 8-bit
digital video
signal?®
DM DM ! L Lnorm

(0~255) (16~235) (%) (cd/m?) (%) (%)

1 0 16 0 0,08 0,00 0,00

2 26 38 10 0,95 0,68 0,66

3 51 60 20 4,12 3,15 2,90

4 77 82 30 9,18 7,10 7,18
5 102 104 40 16,42 12,75 13,32
6 128 126 50 27,48 21,38 21,58
7 153 147 60 40,63 31,64 32,50
8 179 169 70 55,96 43,60 45,35
9 204 191 80 75,83 59,11 61,21
10 230 213 90 99,96 77,93 78,93
11 255 235 100 128,24 100,00 100,00

a

b

For the use of the ITU-R Rec. BT.709-5 8-bit digital video signal, the digital data including that of the

background, is modified.

Normalized luminance is (L-L)/(L,qo-Ly), Where L, L, and L,,, are the measured luminance, the luminance at
level 0 % and the luminance at level 100 % respectively.
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6.4.2 Gamma calculation

From the measurement result shown above, a nonlinear output characteristic y, i.e, a
relationship between output luminance and input signal level, is calculated. Thus, the average
gamma value, y for the jth APL is calculated by the following equation:

n—1

logL
v = 1 Z 9 Lnormk (11)
n—2 =109/ normk

where ; refers to the jth APL (10, 20, 30, ...... , 90 APL) and » is the number of input signal
steps for an APL. Tn this measuring method 11 signal steps, where n 1s 11, are used. [ ] . iS
the ingut signal level at each signal step k, which is the normalized value from 0 to.1-df input
digital [data. L .., is the normalized value of the luminance having a value~from [0 to 1
measufed at each signal step k and is defined as follows:

L, —L
Lnorm,k = (( k O)

12
Ligo — L) (12)

where | L, is the measurement luminance at the signal step k,\L¢ s the luminance at the input
of leve] 0 % and L4 is the luminance at the input of level 10Q %.

The average gamma value yt for all APLs, i.e~the average value of all gammas,

Y172 0300 V5 1S5

Y1 R¥2+y3 ...ty
YT = -~ - (13)

NOTE 1| m is the number of APLs considered, generally 9, from 10 %, 20 %, ...., 90 % APL.

Additignally, the gamma accuracy (%) is quantified from the following equation.

Yaccu. = 1_M x100 (14)
7s

where [yg is<y2°for conventional 2,2 gamma and 1/0,45 for ITU-R Rec. BT.709-5 gamma.

©

NOTE 2|_See the recommendation ITU-R Rec. BT.709-5-5 for the ITU-R Rec. BT.709-5 gamma.

The measured data and the result of the y calculation shall be reported as shown in Table 2.
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Table 2 — Example of gamma reporting form (for each APL )

j APL(%) y
1 10 2,17
2 20 2,15
3 30 2,20
4 40 2,25
5 50 2,23
6 60 2,25
7 70 2,33
8 80 2,36
9 90 2,37

Average ( T) + standard deviation 2,25+ 0,08

The repult of the y calculation shall also be reported as plots for 10 % APL to 90 % A

shown|in Figure 8.

2,80

2,60

2,40

2,20 ® e ®

Calculated gamma value

2,00

1,80

1,60

1,40

1,20

1,00

10 20 30 40 50

60

70

80 90
Input APL (%)

IEC

APL as

The CCT values and Au’v’ by APL shall also be plotted as curves, where the horizontal axis
shall be the normalized input signal level from 10 % to 100 %, as shown in Figure 9 and
Figure 10. If a light measuring device doesn’t provide the CCT, then the CCT is calculated

from the chromaticity coordinates (x, y) using McCamy’s approximation as follows:

CCT =437, +3601n% +6861n+5517

where
n=(x-03320)/(0,1858-y).

The colour difference Au’v’is defined as follows,

(15)
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Au'v'= \/(u'i—u'o)z + (v'i—v'o)2 (16)

where u' ,V' are the pre-defined chromaticity coordinates and u' ,V'. are the measured

chromaticity coordinates. The pre-defined chromaticity value shall be reported, and if the pre-
defined chromaticity values vary with input level, these shall also be reported. In this example,
the pre-defined u’v’ value is (0,198, 0,468) for a CCT value of 6 500 K of daylight.

B
% 12 000 T H
E’_ — 10% APL
IS 20% API
211000 F
g 30% APL
3 40% APL
E 10 000 | — 50% APL
§ —— 60% APL
8 9000} — 70% APl
5 — 80% APL
O e '90% APL
8 000 -
7 000 —
6 000

5000 i i i i i i 1 i >
10 20 30 40 50 60 70 80 90 100

Input signal level (%)
IEC

Figure 9 — Example plots for CCT characteristics by APL

0,040 5 ,
0035 —— 10% APL
’ ——20% APL
0,030 | 30% APL
[}
0.025 kA 40% APL
— 50% APL
0,020°F —— 60% APL
0015 | ——70% APL
——80% APL
0,010 | ——— 90% APL
0,005 F —
. N— = -
5 0 — ——
3
-0,005 |
-0,010 }
-0,015
-0,020 =~

10 20 30 40 50 60 70 80 90 100
Input signal level (%)

IEC

Figure 10 — Example plots for Au’v’ characteristics by APL
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7 Measuring methods of colour gamut by APL

7.1 Purpose

The purpose of this method is to measure primary and secondary colour accuracy and
quantify the colour gamut of a PDP as a function of APL, and then to measure the following
item:

e Chromaticity coordinates x and y of RGB primary and secondary colours (cyan, magenta
and yellow) for each APL.

NOTE The secondary colour are cyan (C) = G(100 %) +B (100 %), magenta (M) =R (100 %) + B (100 %), and
yeIIow( ') =R (1uu Mo; T O (1uu "/o), lebpcblivciy. %

7.2 Primary and secondary colour patterns by APL Q

To mgasure the primary colour with a varying APL, the colour windongattern shown
in FigLI;e 6b) shall be used. The secondary colours C, M, and Y can also blél}"neasured in the
same manner as shown in the following Figure 11. The input level of ea indow shalllbe set
at 100(% for the colour. The input digital data of the background for e primary coloyr R, G
and B|single window pattern given in 6.2.4 c¢) is used. For the nput digital data for the
background for each secondary colour C, M and Y single windovG ern shown in Figtre 11,

the followi ti 17), (18), and (19 d.
e following equations (17), (18), and (19) are use \\Q/
O
Day. = (2M-1) x ((APL(%)-4 x 2 x (ch(’-1))2'2/3)/96)1/212 (17)
L
Dgk = (2V-1) x ((APL(%)-4 x 2;\\&9,\,'/(21%1))2'2/3)/96)1/212 (18)
%
&
Dgk = (2N-1) x ((APL(%)$ x 2 x (Dyl(2N-1))2:2/3)/96)1/2.2 (19)
W

where D Dy and Dy are the digital @ta of the window of C, M and Y, respectively, and N is
the number of bits for the input sigr{@xh In this measurement Dg Dy and Dy are 2V-1.
)

Figure 1T —4 % C, M, and Y single window pattern

7.3 Measuring procedure
The following procedure shall be used for measuring the colour characteristics.

a) A PDP module shall be set in the measuring condition shown in Figure 1.

b) Turn off all functions that enhance the contrast and colour of the display to measure the
tone characteristics of the PDP module.

c) Warm up the PDP module with an input signal of full screen white for an hour.
d) Setthe APL to 10 %.

e) Input each R, G, B, C, M, and Y single window pattern as shown in Figure 6b) or
Figure 11, where the input signal level of each single colour window is 100 %, and
measure the chromaticity coordinates («’, v’) and CCT at screen centre.
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f) Change the APL and repeat e€) to measure the primary and secondary colour accuracy for
each remaining APL.

7.4  Evaluation of colour accuracy

The reference standard coordinates of the primary colours are generally available from ITU-R
Rec. BT.709-5.

The measured colour data is compared to the ITU-R Rec. BT. 709-5 values shown in Figure
12 in order to check for deviation of 4 u’,v’.

= A
0,6
(0,125, 0,563)
(0,204, 0,553)
0.5 L (0,451, 0,523)
(0,138, 0,456)
0,4 .
03 (0,305, 0,330) VAV
'§
|
0,2 -
=~ CIE u’V’
(0175.0,158) —m— BT.709 Primary
0,1 R\ @ BT.709 Cyan
@ BT.709 Magenta
© BT.709 Yellow
0,0 * . i 1 1 ] -
00 0,1 0,2 0¢3 0,4 0,5 0,6 0,7

IEC

Key

BT.709 means ITU-R Rec. BT.709%5.

Figurd 12 - ITU-R Rec\ BT.709-5 standard coordinates of primary and secondary cplours

7.5 Evaluation,of colour gamut

The colour gamut area is used to evaluate the colour range of the display. Generally, itcan be
calculgted with the u’v’ coordinate system. The area of the ITU-R Rec. BT.709-5 colour{gamut
in the (#547) diagram is |u'grv'g + u'gv'g + ' gV'R — VRi'g — Vgi's — V'g'r| /2, which is (,064 9
and used forthe Teference cotour gamut area. Simitarty, the area of 7 potygons tor the
overlapped colour gamut area between the reference and the display under test is calculated
from the following equation (20).

| WVo + UV + gV + U V' F UV =V Uy = ViU 3 = VigU'y =V Uy =V iy | 12 (20)

From the results of the colour gamut area, the relative gamut ratio and gamut reproducibility
are calculated as shown in equations (21) and (22). An example of gamut areas for the
evaluation of the colour gamut is shown in Table 3.

Display colour gamut area <100 (21 )

Relative gamut ratio (%) =
Reference colour gamut area
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Overlap colour gamut area <100 (22)

Gamut reproducibility (%) =
Reference colour gamut area

Table 3 — An example of gamut areas for evaluation of colour gamut

Red Green Blue Colour gamut area
u'n Ve u'g Vg u'g Vg
sRGB (ITU-R Rec. BT.709-5) 0,064 9
0,4507 | 0,5229 | 0,1250 | 0,5625 | 0,1754 | 0,157 9
u'g V'R u'G v’G u'g Vg
Measured colour gamut 0,061 5
n‘AAﬁ Z ﬂ’RQ’! Q n’1 18 4 n’RR') 2 n"ma 2 ﬂ’1R7 8
Overlapped colour gamut 0,057 B
Figure|13 shows an example of the measured colour, sRGB (ITU-R Rec. BT:709-5), [and of
the ovérlapped gamut area for evaluation of the colour gamut.
S
0,6
0,5-
0,4-
0,3+
----- sRGB (ITU-R BT. 709-5)
0,2 res —— Measured display
iv, - Overlapped gamut area
o Intersection coordinate
0,1 : ; .
0,1 0,2 0,3 0,4 0,5
v
IEC
Figure 13 — Example showing a measured primary,
a reference. and an overlapped gamut area

7.6 Expression of results

The measured result and the colour coordinates data shall be reported as a table, as shown in
Table 4 with the reference colour standard. Additionally, the colour gamut evaluation result
can also be reported in Table 4. Figure 14 shows an example of the measured colour gamut
plots by APL.
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Table 4 — An example of primary and secondary colour measurement report

Input signal Reference Measured Relative Gamut
APL | colour level coordinates coordinates Au'y gamut ratio | reproducibility
(R, G, B) u' v' u' v' (%) (%)
0, 0,
Red (100043/;)0 %. | 0,451 | 0,523 | 0,390 | 0,509 | 0,062
0, 0,
Green | © A’é ],/S)O %. | 0,125 | 0,563 | 0,176 | 0,502 | 0,079
0, 0,
ol BUe | oo | 0175 058 | 0179 | 0255 | 0,007
o o, o,
o T 100 95,7 % 95,9 %
Cyan %, 100 %. | o139 | 0,456 -
(100 %, 0 %, _
Magenta 100 %) 0,305 | 0,330
(100 %, 100 %, _
Yellow 5 %) 0,204 | 0,553
Rea | (1997 )O % 10451 | 0,523 | 0,400 | 0,511 | 0,052
0
0, 0,
Green | (0% Z/S)O % | 0,125 | 0,563 | 0,164 | 0,516 | 0,060
0, 0,
20 || Bl (01é06 E;))A’ 0,175 | 0,158 | 0,178 | 0,242 | 0,084
(]
AL [ T 1007 96,2 % 96,2 %
yan 160 %) 0,139 | 0,456 \
(100 %, 0 %,
Magenta 100 %) 0,305 0,330 -
(100 %, 100 %, _
Yellow 0 %) 0,204 0,553
Red (1000%;/;)0 % | 0,451 | 0,523 | 0,401 | 0,512 | 0,041
0, 0,
Green | (0% ],/S)O % | 0,125 | 0,563.4,0,155 | 0,529 | 0,045
0, 0,
w00 || Bl (01606 94,)/0 0,175 | 07158 | 0,177 | 0,224 | 0,066
o 0, 0,
" T 1007 97,3 % 96,6 %
Cyan To0 o0 | 0,139+ 0.456 -
0, 0,
Magenta (1°$O§;/?) %, 140305 | 0,330 -
(100 %, 100-% ~
Yellow ol 0.204 | 0,553
0, 0,
Red (1000/2/;)0 %. | 0,451 | 0,523 | 0,420 | 0,514 | 0,032
Green (& %6 1/0)0 % | 0125 | 0,563 | 0,150 | 0,532 | 0,039
0
0, 0,
Blde (0% 0%, 14175 | 0,158 | 0,176 | 0,213 | 0,055
40 % 100 %) 99,1 % 97,3 %
APL ([ (0%, 100 %, | o oo | ouce ’ :
Uyall 100 %) U, ToJd v, 7JU
0, 0,
Magenta (101003’;,/:)) %, 0,305 | 0,330 -
(100 %, 100 %, _
Yellow 5 %) 0,204 | 0,553
0, 0,
Red (100043/;)0 %, | 0,451 | 0,523 | 0,429 | 0,515 | 0,023
0, 0,
Green | © A’é ],/S)O %. | 0,125 | 0,563 | 0,146 | 0,534 | 0,035
50 % (0 %, 0 %, . .
0| Biue 106 %) 0,175 | 0,158 | 0,176 | 0,208 | 0,051 99,4 % 97,6 %
0, 0,
cyan | © f’é(;ff/?) %. | 0,139 | 0,456 -
0, 0,
Magenta (101003’;,/?) % | 0,305 | 0,330 -
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