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INTERNATIONAL ELECTROTECHNICAL COMMISSION

FLEXIBLE DISPLAY DEVICES -

Part 5-2: Measuring methods of optical characteristics
from the vantage point for curved displays

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 itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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.

The main task of IEC technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC TS 62715-5-2, which is a technical specification, has been prepared by IEC technical
committee 110: Electronic display devices.
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The text of this standard is based on the following documents:

Enquiry draft Report on voting
110/715/DTS 110/739/RVC

Full information on the voting for the approval of this technical specification 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.

A list of all parts in the IEC 62715 series, published under the general title Flexible display
devices, 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 website under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e transformed into an International standard,

e reconfirmed,

e withdrawn,

o replaced by a revised edition, or

e amended.

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 correct
understanding of its contents. Users should therefore print this document using a
colour printer.
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FLEXIBLE DISPLAY DEVICES -

Part 5-2: Measuring methods of optical characteristics
from the vantage point for curved displays

1 Scope

This part of IEC 62715, which is a technical specification, specifies the general rules and the
details of optical measuring methods from a fixed point (the so-called vantage point) for
curved emissive and transmissive type displays such as OLED and LCD in dark room
conditions. This document focuses on concave shape large screen displays (non-portable)
around a horizontal and/or vertical axis with fixed or variable curvature radius.

The measuring method stipulated in this technical specification is applied to the curved
display modules under the following states:

e vantage-point luminance variation by viewing angles

e vantage-point contrast ratio variation by viewing angles

e vantage-point chromaticity variation of white colour by viewing angles

e vantage-point colour gamut area variation by viewing angles

e vantage-point chromaticity variation of primary colours by viewing angles
e luminance uniformity and its uniformity variation by viewing angles

e chromaticity uniformity and its uniformity variation by viewing angles

e viewing angle of half-luminance

e viewing angle of half-contrast
2 Normative references

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

IEC 62715-1-1, Flexible display devices — Part 1-1: Terminology and letter symbols

3 Terms, definitions and abbreviations

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 62715-1-1 as well
as the following apply.

3.11
curved display
display that has a single curvature radius along the screen horizontally and/or vertically

Note 1 to entry: The curvature radius of each screen position is fixed by the manufacturer or user controllable
curvature radius.

Note 2 to entry: The direction of curvature might be concave or convex from the viewer’s position.
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Note 3 to entry: The curved screen display is also called curved display, as in curved TV and curved monitor.

3.1.2

vantage-point measurement

test configuration in which measurements are taken at various measuring points on the
display screen through a common observation point in space in front of the screen

Note 1 to entry: The observer (at the viewing distance D) is at a fixed point, the so-called vantage point or
viewing point, and then from that fixed vantage point, the angle of view from the screen centre to the corners is
changed according to human viewing directions toward the screen.

Note 2 to entry: In this document, the vantage point for the measurement is located on the same horizontal plane
as the display centre, and on a line between the display centre and the display’s axis of rotation.

3.1.3

screen visual angle

maximum range of vantage-point viewing directions 60,5 measured from the vantage point
towards the edges of the display

Note 1 to entry: The horizontal screen visual angle is the range of vantage-point viewing directions between the
left and right edges of the screen.

Note 2 to entry: The vertical screen visual angle is the range of vantage-point viewing directions between the top
and bottom edges of the screen.

3.1.4

viewing angle

angle between the normal direction of the screen surface and the measurement or viewing
direction

Note 1 to entry: |If there is no indication about the screen position, the viewing angle is based on the screen
centre.

Note 2 to entry: The horizontal viewing angle is the angle between the screen normal direction and the vantage
point, both lying on the same horizontal plane.

Note 3 to entry: The vertical viewing angle is the angle between the screen normal direction and the vantage
point, both lying on the same vertical plane.

3.1.5

luminance variation by viewing angle

percent difference of display white luminance, between normal incidence (at 0° viewing angle)
and a specific viewing angle at each screen measuring point or averaged over the screen
measuring points

3.1.6

contrast ratio variation by viewing angle

percent difference of contrast ratio between normal incidence (at 0° viewing angle) and a
specific viewing angle at each screen measuring point or averaged over the screen measuring
points

3.1.7

chromaticity variation by viewing angle

chromaticity difference between normal incidence (at 0° viewing angle) and a specific viewing
angle at each screen measuring point or averaged over the screen measuring points

3.1.8

luminance uniformity variation by viewing angle

percent difference of display white luminance uniformity between normal incidence (at 0°
viewing angle) and a specific viewing angle
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3.1.9

chromaticity uniformity variation by viewing angle

difference of chromaticity uniformity at normal incidence (at 0° viewing angle) to the other
viewing angle

3.1.10
half-luminance viewing angle
horizontal viewing angle that has the half value of the luminance at the normal direction

3.1.11
half-contrast viewing angle
horizontal viewing angle that has the half value of the contrast at the normal direction

3.2 Abbreviations

For the purposes of this document, the following abbreviations apply.

APL average picture level

CCT correlated colour temperature

CIE Commission Internationale de [I'Eclairage (International Commission on
Illumination)

CIELAB CIE 1976 (L*a*b*) colour space

DUT device under test

LMD light measurement device

4 Standard measuring equipment

4.1 Video signal generator

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

4.2 Non-contact LMD

For the purpose of vantage-point measurement, the non-contact LMD shall be used. When
using a non-contact LMD, a spectroradiometer or a non-contact colorimeter is installed, as
shown in Figure 1. The optical axis of the non-contact LMD should be normal in the case of
measuring the centre of the display surface. In this document, for the purpose of vantage-
point measurement, the measuring distance /), from the LMD to the centre of the display
screen shall be either the design viewing distance or 37 where V' is the effective screen height
of the display and H is the horizontally effective screen width of the display. The design
viewing distance might be recommended based on the display resolution and curvature radius.
The LMD colour measurements shall comply with the colour matching functions for the CIE
1976 standard colorimetric observer.
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Display module

v LMD
Al ¥ ey S -
Video
signal Im |
generator Measuring distance |
Control PC
(if used) / \

IEC

Figure 1 — Measuring layout for non-contact measurement

5 Standard measuring conditions

5.1 Standard measuring environmental conditions

Measurements shall be carried out under the standard environmental conditions. When
different environmental conditions are used, they shall be noted in the report.

Temperature: 25°C+3°C
Relative humidity: 25 % RH to 85 % RH
Atmospheric pressure: 86 kPa to 106 kPa

5.2 Power supply

The power supply for driving the DUT shall be adjusted to the rated voltage +5 %. In addition,
the frequency of the power supply shall provide the rated frequency +2 %.

5.3 Warm-up time

Measurements shall be started after the display modules and measuring instruments achieve
stability. Sufficient warm-up time is defined as the time elapsed from when the supply source
is switched on, and a 100 % gray level of input signal is applied to the DUT, until repeated
measurements of the display show a variation in luminance of no more than 2 % per minute
and 5 % per hour.

5.4 Standard measuring dark room conditions

The luminance contribution from the background illumination reflected off the test display
shall be < 0,01 cd/m2. If this condition is not satisfied, then background subtraction is required
and it shall be noted in the ambient performance report. In addition, if the sensitivity of the
LMD is inadequate to measure at these low levels, then the lower limit of the LMD shall be
noted in the ambient performance report. The clothes of the observer(s) and the wall of the
room shall be dark in order to avoid the reflection of the light emitted from the display back
onto the display. The measurement for all measuring points of the display screen and all
measuring positions shall proceed in the same dark room.

5.5 Adjustment of display modules
Luminance, contrast and chromaticity of the white field and other relevant parameters of the

displays have to be adjusted to nominal status in the detail specification and they shall be
noted in the measurement report. When there is no level specified, the maximum contrast
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and/or luminance level shall be used. These adjustments shall be held constant for all
measurements, unless noted otherwise in the measurement report. Additional conditions are
specified separately for each measuring method.

5.6 Measuring geometry for vantage point
5.6.1 General

To measure in vantage-point directions, the display module should be installed on a rotatable
and tiltable fixture to enable the changes in horizontal, vertical, and/or obliqgue measuring
directions. In 5.6, it is assumed that the display module shall be generally installed in the
vertical position to the ground. The curvature type of the examples is concave, but the convex
type is also available for these applications. The measuring direction that is the same as the
viewing direction is varied according to each vantage point and each viewing angle of the
measuring position.

5.6.2 Measuring geometry in horizontal vantage point

Figure 2 shows the measuring geometry of the top view in the horizontal vantage point. The
measuring distance I\, at the left or right measuring point of the screen may be unequal to
that of the screen centre, which will require the LMD to be refocused at these points. The
measuring distance is based on the standard viewing distance of the normal direction. It can
be measured between the screen centre of the display module and the optical lens of the LMD.

Curved display module

Measuring point

______________ Rotation

Screen centre Standard (normal)
viewing direction

IEC

Figure 2 — Measuring geometry in horizontal vantage point (top view)

5.6.3 Measuring geometry in vertical vantage point

Figure 3 shows the measuring geometry of the top view in the vertical vantage point. The
measuring distance /), at the upper or lower measuring point of the screen may be unequal to
that of the screen centre, which will require the LMD to be refocused at these points. When
using a tripod mount for the LMD, the LMD might be rotated by the mount point. Because of
the gap I between the LMD lens and the mount point, the viewing angle of the upper/lower
and left/right measuring point of the screen becomes slightly small, but if /5 < 0,1 Iy, it can be
neglected.
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Curved display module

Measuring point

Screen centre Standard (normal)
viewing direction Ip <0,1iy

IEC

Figure 3 — Measuring geometry in vertical vantage point (side view)

5.7 Measuring layout for viewing position
5.71 General

When watching a display, according to the viewing position, a viewing angle shall be set up
between the display’'s perpendicular direction and the viewing direction. In 5.7, for the
measurement by the viewing angle with the actual watching conditions of customers, the
range of the viewing position of normal to +45° of the display which is possible in the actual
usage shall be applied. The range of the viewing angle might be determined from over 90 %
of actual usages of consumers when watching large screen displays.

For the measurement in the viewing angle, as the viewing angle is mainly changed in the
horizontal direction, the LMD can be installed on a movable tripod around the display to
enable to change the horizontal viewing angle. Alternatively, the display module may rotate
horizontally to change the viewing angle when the LMD is fixed. Depending on the display
size or the measurement room space, one of the alternatives shall be adopted.

5.7.2 Measuring layout by moving LMD

The viewing direction of the viewer becomes the viewing angle of the display. In this case, the
measurement distance shall not change regardless of the viewing angles. The measuring
geometry of 0° to 45° is shown in the figure. As the actual watching conditions, the viewing
angle will be recommended to be 0°, 15°, 30° and 45° in Figure 4. In this case, the opposite
sides of the viewing angles do not have to be measured because generally most of the curved
displays are almost symmetrical horizontally in the optical variations between the left side and
right side viewing angles. Figure 4 shows the measuring geometry of the top view by
horizontal viewing angles from 0° to 45° of the right side.
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Measuring positions

Curved display module

Oy = 15° (viewing angle)

Screen centre Standard (normal)
viewing direction

IEC

Figure 4 — Measuring geometry by horizontal viewing angles (top view)

In each viewing angle of the viewing position, the measuring direction is changed by the
viewing angle at the same time. Figure 4 shows the measuring direction of the screen centre
by the horizontal viewing angle (6y) that is caused by the viewer’s position. In any measuring
position, the measurement distance /,; should not be changed. But because of the angle of

the vantage point, the viewing angles and the measuring distances of the other points of the
screen are different from those of screen centre.

5.7.3

Measuring layout by rotating the display module

Instead of moving the LMD, the display module itself can be rotated. The display module
should be installed on a rotatable fixture to enable changes in the horizontal viewing angle

based on the display screen centre. Figure 5 shows the measuring geometry of the top view
by the horizontal display directions from 0° to 45°.
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O = 15°
(viewing angle)
\J Curved display module

Measuring positions

ZM:3V

N
~N

N
~

D,

~,
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=

p——

Screen centre Standard (normal)
viewing direction

Se——

Rotation
IEC

Figure 5 — Measuring geometry by horizontal display directions (top view)

As in 5.7.2, because of the angle of the vantage point, the viewing angles and the measuring
distances of the other points of the screen are different from those of the screen centre.

5.8 Minimum curvature radius for the measurement

When the maximum viewing angle is 45° in this measurement, the curvature radius of the
concave type display module should be bigger than 32V/9xz for 16:9 aspect ratio displays as
Figure 6 shows. Aspect ratio means the horizontal length versus the vertical length of the
screen. In case of a smaller curvature radius than the minimum curvature radius, it will not be
possible to measure the screen edge of the viewer's side or there will be an inaccurate
measurement at 45° angle of viewing distance 3V. Figure 6 shows the minimum curvature
radius of a concave type curved display device in the top view. In Figure 6, if the curved
display is smaller than the minimum curvature radius, the right side of the screen might be
invisible and impossible to measure because the right side edge of the screen is 45°, that is,
almost parallel to the measuring direction of right side measuring points.
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Figure 6 — Minimum concave type curvature

radius for the measurement (top view)

5.9 Screen visual angle

5.9.1 Screen visual angle of a flat display module

When a complete flat display of a 16:9 aspect ratio displays a horizontal/vertical ratio £ which
is 1,778, for example, the screen visual angle at a 3V viewing distance is as follows:

k 16 ,
O =2tan 2 =2tan' 9x2
VAF 3V

=2tan™ g =33,01(degree)

5.9.2 Screen visual angle of concave type display module

In case a concave type curved display of 16:9 aspect ratio displays a horizontal / vertical ratio
k which is 1,67, when the curvature radius is 3V, the horizontal screen visual angle at a 3V
viewing distance that is the angle from the viewer to the left end and right end of the screen is
as follows:
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@VACC/kV = 27[/27Z'><3V (2)
16
kVx2r g9 16 . (3)
O =———=-——=—(radian)= 33,95 (degree
VACC =5 = =3 27( ) (degree)

Figure 7 shows the screen visual angle of a concave type display device in the top view.

Viewing position

Rc =3y

Viewing distance: 3V

Screen centre

IEC

Figure 7 — Screen visual angle of concave type display device (top view)

6 Measuring methods of optical characteristics

6.1 General
6.1.1 Measuring items
The measuring items for curved display characteristics are as follows:

e luminance variation of white box by viewing angles

e contrast ratio variation of white box by viewing angles

e chromaticity variation of white box by viewing angles

e colour gamut area variation by viewing angles

e chromaticity variation of colour box by viewing angles

e luminance uniformity and uniformity variation by viewing angles

e chromaticity uniformity and uniformity variation by viewing angles
e viewing angle of half-luminance

e viewing angle of half-contrast
6.1.2 Measuring point locations

For the vantage-point measurement, the number of measurement points is generally 9. The
locations of the 9 points are shown in Figure 8. The test pattern shall be specified depending
on the measuring items, but the measuring position is always the same.
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Figure 8 — 9-point locations for vantage-point measurement

6.1.3 Test pattern

The test pattern for white box measurements is showed in Figure 9. The pattern shall be
displayed by 9 white rectangular boxes with black background. Each box is 1 % of the area of
the screen that has a size of H/10 horizontally and of /10 vertically. The total area of the
boxes is 9 % of the screen area and the APL shall be 9 %. It might be suitable for the APL to
get the maximum luminance of the self-emitting displays. The measuring points are the centre
of each box and the measurement field of the LMD is suggested to contain 500 pixels or more.

IEC
Figure 9 — Nine white boxes for vantage-point measurement

For the measurement of the contrast ratio, the black luminance can be measured at the 9
points of the cross dotted lines in Figure 10.
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Figure 10 — Nine measuring points for vantage-point black measurement

The test patterns for colour box measurements are shown in Figure 11. They shall be
displayed by 9 rectangular boxes of each R, G and B that are the same type as the white
boxes. Depending on the CCT of the white balance of the WRGB type panel, the optical
characteristics of the white box such as luminance, screen uniformity and APL may not add
up to a just addition of the colour box characteristics.

IEC

Figure 11 — Nine-colour boxes of R, G and B for vantage-point measurement

6.2 Measuring method
6.2.1 Measuring method at the screen centre position

The measuring direction shall be the vantage-point viewing direction to simulate the real
condition of watching a display screen. Figure 12 shows the measuring direction of 9 vantage
points at a viewing angle of 0°.

lM=3V

IEC

Figure 12 — Measuring directions of 9 vantage points
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6.2.2 Measuring method at viewing angle position

At any measuring positions, the measuring points shall be the centre of 9 rectangular white
boxes. According to the measuring positions, the viewing angles of the measurements shall
be 0°, 15°, 30° and 45° from the perpendicular axis of the screen centre. In this case, the
measuring distance is always the same, i.e. 3 V. In the viewing angle direction, the left-side or
right-side direction of the perpendicular axis can be selected alternatively. Figure 13 shows
the measuring directions from the 0° to the 45° viewing angle. The directions for 15° and 30°
are not drawn fully and omitted except the direction of the centre box. The total number of
measurements is 36 (= 4 x 9).

IEC

Figure 13 — Measuring directions (right side)
by viewing angle 0°, 15°, 30° and 45°

Figure 14 shows the front upper view of Figure 13.

0° IEC

Figure 14 — Measuring directions (right side) by viewing
angle 0°, 15°, 30° and 45° (front upper view)

6.3 Optical characteristics of white box by viewing angle
6.3.1 Luminance variation by viewing angle

Lg which is the luminance at 6° of the horizontal viewing angle, shall vary by viewing angle.
The luminance variation of the measuring point p by the viewing angle is as follows:
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‘L L

O_p ~O_p ‘

LVg p = x100 (%), where © =15, 30, 45 (degree) (4)

0_p

where

Lg luminance of white in cd/m?2 of point p at viewing angle 6.

_p-
The average (mean) and standard deviations of the luminance variation of 9 points at viewing
angle O are as follows:

8
LVg =% > LVg p (%), where © =15, 30, 45 (degree) (5)
p=0

8
2
D (LVg o~ LVe)

SLVg = 1222 (%), where 6 = 15, 30, 45 (degree) (6)
8

Attention is drawn to the fact that Equation (5) is not a variation of the average luminance of 9
points by the viewing angle because the changes in luminance of each point might
compensate each other. It is just the 9-point average of Equation (4) at each viewing angle.

6.3.2 Contrast ratio variation by viewing angle

CRg which is the contrast ratio at ©° of the horizontal viewing angle, shall vary by the viewing
angle. The contrast ratio variation of the measuring point p by the viewing angle is as follows:

LO_p (W) _ LO_p (W)

CR, , —CRq Lo (k) Lo (k) (7)
CRV, =12 PIx100 =12 i x100 (%), where ® =15, 30, 45 (degree
o_p CRo_p Loip(W) ( 0) ( g )
Ly (k)
where
CRe_p: contrast ratio of point p at viewing angle 6
Le_p(k): luminance of black in cd/ m? of point p at viewing angle 6

The average (mean) and standard deviations of the contrast ratio variations of 9 points at
viewing angle O are as follows:

8
CRVg = 1 Z CRVg p (%), where ® =15, 30, 45 (degree) (8)

p=0

8
> (CRVg , —CRVg)?

SCRVg = p=0 (%), where @ =15, 30, 45 (degree) (9)
8

Attention is drawn to the fact that Equation (8) is not a variation of the average contrast ratio
of 9 points by viewing angle because the changes in contrast ratio of each point might
compensate each other. It is simply the 9-point average of Equation (7) at each viewing angle.

Copyright International Electrotechnical Commission



- 20 - IEC TS 62715-5-2:2016 © |IEC 2016

6.3.3 Chromaticity variation by viewing angle

The chromaticity of the white boxes is also calculated in the u’v’ colour space by averaging
the colour coordinates of the 9 points. u’g and v’g are the u” and v’ colour coordinates of CIE
1976 at 6° of the horizontal viewing angle.

The chromaticity of the white boxes shall vary by viewing angle. The chromaticity variation of
the measuring point p by the viewing angle in the u’v’ colour coordinate is as follows:

ACy 0 p =" 0 p=t'w 0.p)2 + (" 0 p~V'w 0 p )2, Where @=15, 30, 45 (degree)(10)

where
U'w 0 p u’ of the point p white box at viewing angle 6
Vw0 p v’ of the point p white box at viewing angle 6

The average (mean) and standard deviations of the chromaticity variation of the white box at
viewing angle O are as follows:

8
ACy, o =lz ACy, o p» Where ©=15, 30, 45 (degree) (11)
p=0
8 2
z (A Cw_@_p -4 CW_O )
SAC,, o =122 where © =15, 30, 45 (degree) (12)
_ 8 ,

6.4 Optical characteristics of colour box by viewing angle
6.4.1 Colour gamut area variation by viewing angle

The chromaticity of the display shall be measured at 9 points described in Figure 11 from
each viewing direction. From the 3 primary colour coordinates of measuring point p, the colour
gamut area Sg_,, at viewing angle O is as follows:

1 ! ! ! ! ! ] !’ /
S ®p ZE [(u rop-Upep ) gO©p-VYbop )-(u gOp-Upop v rop-Vbop )l (13)

where © =0, 15, 30, 45 (degree)

where

u'r @ pt u’ of the point p red box at viewing angle 6
vViep V' of the point p red box at viewing angle 6
u’g_@_p: u’ of the point p green box at viewing angle 6
v’g_@_p: v’ of the point p green box at viewing angle 6
u’b_@_p: u’ of the point p blue box at viewing angle 6
v’y 0 p: v’ of the point p blue box at viewing angle 6

The colour gamut area shall vary by viewing angle. The colour gamut area variation by the
viewing angle of the measuring point p can be calculated as follows:
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1S5, S
Vo =%, where 6 = 15, 30, 45 (degree) (14)
0_p

The average (mean) and standard deviations of the colour gamut area variation at viewing
angle © are as follows:

8
SVe = 1 z SVeg p x100 (%), where ©® =15, 30, 45 (degree) (15)
p=0

8
> (Ve p-SVe)?
SSVg =122 (%),  where ©®=15, 30, 45 (degree) (16)
8

6.4.2 Chromaticity variation and 4E by viewing angle

As with the case of the white box, the chromaticity of the colour box also varies by viewing
angle. In the red colour box, the chromaticity variation of the measuring point p by viewing
angle in the u’v’ colour coordinate is as follows:

AC; o p =\l 0 p=u'r 0. p )2+ (Vs 0 p=V'r 0p)2. Where ©=15, 30, 45 (degree) (17)

In the same way, the chromaticity variation 4Cy o [, for green and 4C, o ,, for blue is
calculated at each 9-point by the viewing angle. T T

In the red colour boxes, the average (mean) and standard deviations of the chromaticity
variation at viewing angle O are as follows:

8
AC, =1ZAcr_@_p, where © =15, 30, 45 (degree) (18)
9%
8 2
(4 Cr_@_p - ACr_O)
SAC, o = {222 where @ =15, 30, 45 (degree) (19)
_ 5 :

In the same way, for the green and blue colour boxes, the average and standard variation of

4Cy g pand ACy, g , (4Cq @, S4Cy g and 4Cy, g, SACy, o) can be calculated.

For the evaluation of 4E, the CIELAB colour coordinates are used. L*, a* and b* are defined
as follows:
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L, =116f[ ] (20)

(2]
ol )

f(s)=s“3 s > 0,008856
f(s)=77875s+16/116  5<0,008856

(22)

where
X, Y., Z: CIE X, Y, Z tri-stimulus value in red colour box
X Yor Z CIE X, Y, Z tri-stimulus value in white box

For an example of the red colour, 4E of measuring point p at viewing angle © is defined based
on the 0° viewing angle asfollows:

* * 2 * * 2 * * 2
AE o p = \/(L rop-Lrop) +l@rop-arep)+brop-brep) . (23)

where @ = 15,30,45(degree)

where
L* o pr@* o p» D% o pi L* a*and b* " of the measuring point p at viewing angle 0°
L* g pa* o p b o pi L* a*and b*of the measuring point p at viewing angle ©

In the same way, 4E4 o , for green and 4E, o , for blue are calculated at each 9-point by
viewing angle. T

In the red colour boxes, the average (mean) and standard deviations of AEr o p at viewing

angle O are as follows:

8
AE, ¢ :lz AE, o ,» Where @ =15, 30, 45 (degree) (24)
p=0

8
2
Z (AEr_O_p - AEr_@ )

SAE, o = |22 where @ =15, 30, 45 (degree) (25)
. . ,

In the same way, for the green and blue colour boxes, the average and standard variation of
4Ey g pand 4Ey, o  (4Ey o, SAE4 g and 4Ey, g, SAEp, o) can be measured.

6.5 Uniformity and uniformity variation
6.5.1 General

Uniformity and uniformity variation for luminance and chromaticity shall be evaluated using
the white box.
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6.5.2 Luminance uniformity and uniformity variation by viewing angle

LUg is the luminance uniformity at ©° of viewing angle. Luminance uniformity variation at ©°
of viewing angle is obtained as follows:

min(L L L e L
LUy - Mo _oLo_1lo_2-Lo_8) 1400, where o - 153045(degree) (26)

max(L@_O,L@J,L@_Z...,L@_g

_ |LUy - LU

LUVg x100 where @ =1530,45(degree) (27)

0

6.5.3 Chromaticity uniformity and uniformity variation by viewing angle

Chromaticity uniformity at viewing angle © can be calculated with the maximum 4u’v’ based
on the colour coordinate of the centre white box. The chromaticity uniformity variation 4CUg
at viewing angle O is obtained as follows:

. . . Y . e [ LR
CUg = maX[\/(”@J ~ug_0)? +(V@_1 —V@_o) ~ \/(u@_a —u@_o) +(V@_8 —V@_o) J

where © =15,30,45(degree) (28)

ACU, =|CU, - CU,

, Where ®=15, 30, 45 (degree) (29)

6.6 Half-luminance and half-contrast viewing angle
6.6.1 Half-luminance viewing angle range

Each luminance at the front, and left side and right side is calculated by averaging only 3
luminances of white boxes number 0, 6, 8 in a horizontal centre line, as in Figure 15.

S .
== Measuring 3 boxes

Left half-luminance ~ “~_ o o .- Right half-luminance
. . N HL-L HL-R . . .
viewing angle range S e viewing angle range
N .
Iw=3V el
IEC

Figure 15 — Measuring method for half-luminance viewing angle

L

OHLfL

1
= E(Lo_o + Lo_e + L078 ) = LoHL,L_o + LoHL,L_e + LoHL,L_s (30)

where

L luminance at viewing angle 6, |

O HL-L*
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1
L@HL,R = E( Lo_O + LO_6 + Lo_8 )= L@HH{_0 + LG,HH{_6 + LG,HH{_8 (31)

where

Lo uir luminance at viewing angle 6, .

OyL-Lr is the viewing angle range of the half-luminance compared to the front luminance. It is
calculated by adding the left-side and right-side half-luminance viewing angles.

Ouir =Ou L + O g (32)
where
O, left-side half-luminance viewing angle
O,k right-side half-luminance viewing angle

6.6.2 Half-contrast viewing angle range

In the same way as for the half-luminance viewing angle range, Ocr. R is the viewing angle
range of the half-contrast ratio compared to the front contrast ratio. It is obtained by
measuring the black and white luminance at measuring points 0, 6 and 8.

1
CR@HCR_L = E(CRO*O +CR, , + CRoig) = CR@HCR_L_0 + CROHCR_L_G + CR@HCR-L_B (33)
where
CRg 1 cr.: cCoOnNtrast ratio at viewing angle 6.z,
1
CRy, . = E(CRO_O +CR, ¢+CR, 3)=CRq . o+CRy  6+CRy . & (34)
where
CRg HCR-R: contrast ratio at viewing angle 0, »

Oucr-LR s calculated by adding the left-side and right-side half-contrast viewing angles.

Oucrir = Ohcr L T Oncr r (39)

where
OHCR-L: left-side half-contrast viewing angle
Oycr-.r:  right-side half-contrast viewing angle

7 Reporting

7.1 Requirements of reporting
The report shall include the following items:

a) date and time of the visual inspection
b) identification of display module
— product name, type and lot number
— date of production

— company name of production
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— curvature type (concave or convex)

— curvature radius or curvature radii for variable curvature

— measuring viewing angle direction (right or left)

— measuring distance /), ( if not specified, 3V is assumed)
c) optical setting conditions of the display module such as contrast, brightness, etc.
d) measurement results of optical characteristics

7.2 Recommendations of measurement results reporting
The measurement results should include the following items:

a) luminance of white, black and colour boxes
b) chromaticity of white box

¢) luminance of white box at the half-luminance viewing angle

Table 1 is an example of measurement results for the optical characteristics.
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Table 1 — Example of measurement results for the optical characteristics

point
number .
Items 0 1 2 3 4 5 6 7 8 (rg;f;ér_e;?:.)
viewing
angle
White 0° 387 371 366 365 362 366 369 360 359 28
(Lo o(W)) ;
(cdim?) 15 380 372 361 367 357 360 359 361 370 23
30° 345 342 341 330 337 338 337 341 346 16
45° 300 302 299 301 305 308 305 301 293 15
u’ of white 0° 0,197 1 0,197 0 0,196 3 0,197 6 0,196 7 0,197 0 0,197 1 0,196 5 0,196 6 0,001 3
(s_o_p) 15° 0,196 8 0,196 9 0,197 0 0,197 8 0,197 8 0,197 2 0,197 1 0,197 8 0,197 7 0,001 0
30° 0,199 0 0,196 0 0,196 2 0,198 8 0,198 1 0,198 9 0,199 0 0,197 8 0,198 0 0,0030
45° 0,199 1 0,198 9 0,198 0 0,199 1 0,198 7 0,199 2 0,198 9 0,199 2 0,199 9 0,001 9
v’ of white 0° 0,467 1 0,464 5 0,467 5 0,464 3 0,466 2 0,466 3 0,467 1 0,467 3 0,466 0 0,003 2
"w_o_p) 15° 0,469 3 0,469 8 0,468 8 0,468 9 0,465 3 0,464 3 0,465 6 0,464 7 0,468 0 0,005 5
30° 0,478 3 0,477 8 0,468 9 0,470 9 0,470 3 0,470 6 0,470 2 0,478 0 0,478 8 0,009 9
45° 0,483 0 0,478 6 0,487 0 0,480 3 0,480 0 0,480 2 0,483 1 0,482 3 0,483 1 0,008 4
Black 0° 0,001 0,002 0,002 0,002 0,002 0,002 0,002 0,001 0,002 0,001
((Lce n(wl;))) 15° 0,001 0,002 0,001 0,001 0,001 0,002 0,002 0,001 0,002 0,001
30° 0,002 0,002 0,002 0,002 0,002 0,002 0,002 0,002 0,003 0,001
45° 0,002 0,002 0,002 0,002 0,002 0,003 0,002 0,003 0,003 0,001
u’ of red 0° 0,454 9 0,455 5 0,4557 0,454 4 0,455 3 0,455 0 0,454 9 0,454 6 0,455 4 0,001 3
W' o) 15° 0,454 1 0,455 1 0,455 0 0,454 2 0,454 2 0,454 8 0,454 9 0,454 5 0,454 3 0,001 0
30° 0,453 0 0,453 1 0,453 8 0,453 2 0,453 9 0,453 1 0,453 0 0,453 9 0,454 0 0,001 0
45° 0,452 5 0,452 9 0,452 0 0,452 9 0,453 3 0,452 8 0,453 1 0,452 8 0,453 5 0,001 5
v’ of red 0° 0,537 2 0,539 8 0,538 9 0,540 0 0,538 1 0,538 0 0,537 2 0,537 0 0,538 3 0,003 0
(" o_p) 15° 0,535 0 0,534 5 0,5355 0,535 4 0,539 0 0,540 0 0,538 7 0,539 6 0,536 3 0,005 5
30° 0,52 60 0,526 5 0,535 4 0,533 4 0,534 0 0,5337 0,534 1 0,526 3 0,525 5 0,009 9
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point
number .
ltems 0 1 2 3 4 5 6 7 8 Difference
(max. — min.)
viewing
angle
45° 0,521 3 0,5257 0,529 0 0,528 8 0,524 3 0,524 1 0,522 9 0,522 0 0,530 1 0,008 8
u’ of green 0° 0,124 9 0,124 8 0,124 1 0,125 4 0,124 5 0,124 8 0,124 9 0,124 3 0,124 4 0,001 3
(u g—e—p) 15° 0,124 6 0,124 0 0,124 8 0,1257 0,125 6 0,125 0 0,125 9 0,125 4 0,125 6 0,001 9
30° 0,126 8 0,123 8 0,124 0 0,126 6 0,125 9 0,126 7 0,126 8 0,125 6 0,126 3 0,003 0
45° 0,126 9 0,126 2 0,125 8 0,125 9 0,126 1 0,126 5 0,126 7 0,127 0 0,126 6 0,001 2
v’ of green 0° 0,552 7 0,555 3 0,552 3 0,555 5 0,553 6 0,553 5 0,5527 0,5525 0,553 8 0,003 2
(v g—O—F’) 15° 0,550 5 0,554 5 0,551 0 0,551 9 0,554 5 0,554 3 0,554 2 0,543 3 0,551 9 0,011 2
30° 0,541 5 0,542 0 0,550 9 0,548 9 0,549 5 0,549 2 0,549 6 0,541 8 0,541 0 0,009 9
45° 0,54 60 0,541 2 0,543 8 0,539 5 0,539 8 0,539 6 0,543 9 0,546 0 0,546 6 0,007 1
u’ of blue 0° 0,177 5 0,177 4 0,176 7 0,178 0 0,177 1 0,177 4 0,177 5 0,176 9 0,177 0 0,001 3
(u b—e—p) 15° 0,177 2 0,177 3 0,177 4 0,178 2 0,178 2 0,177 6 0,177 5 0,178 2 0,178 1 0,001 0
30° 0,178 0 0,176 4 0,177 6 0,179 2 0,178 5 0,177 8 0,177 9 0,17 82 0,177 5 0,002 8
45° 0,178 5 0,177 6 0,178 4 0,179 5 0,177 9 0,177 4 0,177 8 0,178 9 0,177 9 0,002 1
v’ of blue 0° 0,154 8 0,152 2 0,155 2 0,152 0 0,153 9 0,154 0 0,154 8 0,155 0 0,153 7 0,003 2
"
( bfef") 15° 0,157 0 0,156 5 0,156 1 0,155 0 0,153 0 0,152 0 0,153 3 0,152 4 0,1557 0,005 0
30° 0,158 8 0,158 6 0,156 6 0,158 6 0,158 0 0,158 3 0,157 9 0,158 9 0,160 1 0,003 5
45° 0,159 5 0,162 2 0,159 7 0,159 3 0,160 1 0,159 8 0,158 9 0,164 2 0,158 1 0,006 1
Half- 79° 190,0 - - - - - 184,0 - 185,0 -
luminance
(Ieft,cd/mz) 80° 188,0 - - - - - 179,0 - 181,0 -
Half- 80° 188,0 - - - - - 181,0 - 181,0 -
luminance
(right,cd/m?) 81° 187,0 - - - - - 186,0 - 182,0 -

From the white luminance average value of Table 1 at viewing angle 0°, the half-luminance becomes 183,6 cd/m2. By selecting the nearest value to
the half-luminance, the half-luminance viewing angles are known to be 80° for the left side and 80° as well for the right side.

ight International Electrotechnical Commission

910¢ 031 ® 910¢:¢-5-51/¢9 S1 O3l



From the measurement data of Table 1, the calculation results shall include the following items:

a) luminance characteristics
b) chromaticity characteristics
c) half-luminance viewing angle

Table 2 shows the calculation results from the data of Table 1. In Table 2, the colour gamut variation and uniformity related results are left out
because they are not necessary for typical formats.

Table 2 — Calculation results from the measurement data of Table 1

point
number
Items 0 1 2 3 4 5 6 7 8 Average Stapd_ard
deviation
viewing
angle
150 1,81 0,27 1,37 0,55 1,38 1,64 2,71 0,28 3,06 1.5 0,996 9
(LV,5)
LVo o 30° 10,85 7,82 6,83 9,59 6,91 7.65 8,67 5,28 3,62 7,5 21759
(%_) 1 E) il il il E) E) E) E) (LVsO) il
450 22,48 18,60 18,31 17,53 15,75 15,85 17,34 16,39 18,38 (217/’8) 2,044 1
45
] 2251
0 387 186 183 183 181 183 185 360 180 o) 84,417 0
0
o 2841
15 380 186 361 367 357 180 180 361 185 96,458 0
CRg (CR,5)
(x1 000:1) 163,4
30° 173 171 171 165 169 169 169 171 115 : 18,158 1
(CRi)
o 1341
45 150 151 150 151 153 103 153 100 98 25,439 3
(CR,5)
150 1,8 0.3 97,3 101,1 97,2 1,6 2.7 0,3 3.1 33,9 48,474 4
(CRV )
CRV, 21,3
e p o )
5 30 55,4 7.8 6,8 9.6 6,9 7.7 8,7 52,6 35,7 RV, | 207265
45° 61,2 18,6 18,3 175 15,7 43,9 17,3 72,1 45,6 34,5 21,769 6
(CRV,5)
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point
number
ltems 0 1 2 3 4 5 6 7 8 Average OS'taf‘d.ard
eviation
viewing
angle
150 0,002 2 0,005 3 0,001 5 0,004 6 0,001 4 0,002 0 0,001 5 0,002 9 0,002 3 &2026) 0,001 4
w_15
4Cy 0., 30° 0,011 4 0,013 3 0,001 4 0,006 7 0,004 3 0,004 7 0,003 6 0,010 8 0,012 9 &%07 7) 0,004 5
_o_ w_30
. 0,015 9
45 0,016 0 0,014 2 0,0196 0,016 1 0,013 9 0,014 1 0,016 1 0,015 2 0,017 4 GBSl 00018
w_45
150 0,002 3 0,005 3 0,0035 0,004 6 0,001 4 0,002 0 0,001 5 0,002 6 0,002 3 ((’2](?2 8) 0,001 4
r_15
4C, o 30° 0,011 4 0,013 5 0,0040 0,006 7 0,004 3 0,004 7 0,003 6 0,010 7 0,012 9 ((’;IOCOS 0) 0,004 1
_O_ r_30
45° 0,016 1 0,014 3 0,0106 0,0113 0,013 9 0,014 1 0,014 4 0,015 1 0,008 4 (()4’106,13 1) 0,002 5
r_45
150 0,002 2 0,001 1 0,0015 0,003 6 0,001 4 0,000 8 0,001 8 0,009 3 0,002 2 ?jocoz 7) 0,002 6
g_15
4Cy o 30° 0,011 4 0,013 3 0,0014 0,006 7 0,004 3 0,004 7 0,003 6 0,010 8 0,012 9 ?2%07 7) 0,004 5
-~ g_30
450 0,007 0 0,014 2 0,0087 0,016 0 0,013 9 0,014 0 0,009 0 0,007 0 0,007 5 ?2%10 8) 0,00 36
g_45
150 0,002 2 0,004 3 0,0011 0,003 0 0,001 4 0,002 0 0,001 5 0,002 9 0,002 3 ?21%02 3) 0,001 0
b_15
ACy o, 30° 0,004 0 0,006 5 0,0017 0,006 7 0,004 3 0,004 3 0,003 1 0,004 1 0,006 4 ?210c04 6) 0,001 7
_O_ b_30
45° 0,004 8 0,010 0 0,0048 0,007 5 0,006 3 0,005 8 0,004 1 0,009 4 0,004 5 ?210c06 3) 0,002 2
b_45
Half-luminance angle Left 80° Right 80° Sum 160°
Half-contrast angle Left 70° Right 70° Sum 140°
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