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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

1) THe International Electrotechnical Commission (IEC) is a worldwide organization for standardization~comp
all national electrotechnical committees (IEC National Committees). The object of IEGHis"to pr
infernational co-operation on all questions concerning standardization in the electrical and electfonic fiel
th|s end and in addition to other activities, IEC publishes International Standards, Technical Specificg
Tgchnical Reports, Publicly Available Specifications (PAS) and Guides (hereafter Vreferred to as
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee inte
in| the subject dealt with may participate in this preparatory work. International, ‘governmental and
gqvernmental organizations liaising with the IEC also participate in this preparation. IEC collaborates ¢
with the International Organization for Standardization (ISO) in accordance_with conditions determin
adreement between the two organizations.

2) THe formal decisions or agreements of IEC on technical matters express; as/nearly as possible, an interng
cgnsensus of opinion on the relevant subjects since each technical \¢ommittee has representation frg
inferested IEC National Committees.

3) IEC Publications have the form of recommendations for international use and are accepted by IEC N4
Committees in that sense. While all reasonable efforts are miade to ensure that the technical content g
Pyblications is accurate, IEC cannot be held responsiblg)for the way in which they are used or fg

sinterpretation by any end user.

4) In|order to promote international uniformity, IEC Natiomal Committees undertake to apply IEC Public
trgnsparently to the maximum extent possible in ¢heir national and regional publications. Any diver

b |atter.

itself does not provide any attestation_0f) conformity. Independent certification bodies provide conf
sessment services and, in some areasy.access to IEC marks of conformity. IEC is not responsible fqg
rvices carried out by independent certification bodies.

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

members of its technical committees and IEC National Committees for any personal injury, property dam
other damage of any nature.whatsoever, whether direct or indirect, or for costs (including legal fee
eXpenses arising out ofithe publication, use of, or reliance upon, this IEC Publication or any othe
Pyblications.

7) Ng¢ liability shall attach to IECorits directors, employees, servants or agents including individual experﬂs and

8) Attention is drawn_to-the Normative references cited in this publication. Use of the referenced publicati
inflispensable forthe correct application of this publication.

9) Attention isgsdrawn to the possibility that some of the elements of this IEC Publication may be the subj
pdtent rights-{EC shall not be held responsible for identifying any or all such patent rights.
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» 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 tech
committee 110: Electronic display devices.

nical
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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
detalls 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 infdark foom
conditions. This document focuses on concave shape large screen displays (non-portable)
arouhd a horizontal and/or vertical axis with fixed or variable curvature radius.

The |measuring method stipulated in this technical specification is applied to the cyrved
displlay modules under the following states:
e viantage-point luminance variation by viewing angles
e vantage-point contrast ratio variation by viewing angles
vantage-point chromaticity variation of white colour by ¥iewing angles
e viantage-point colour gamut area variation by viewing. angles
vantage-point chromaticity variation of primary.celours by viewing angles

dminance uniformity and its uniformity variation by viewing angles
chromaticity uniformity and its uniformityvariation by viewing angles

e vjewing angle of half-luminance
v

ewing 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
unddted references,._the latest edition of the referenced document (including | any
amendments) applies.

IEC B2715-1¢1y 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.

3.1.1
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 th et e et et e e e et et e b mreiep fratation

en visual angle
maxijmum range of vantage-point viewing directions 6,5 measured from the vantage point
towards the edges of the display

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

Note P to entry: The vertical screen visual angle is the range of vantage-point Xiewing directions between the top
and bpttom edges of the screen.

3.1.4
viewling angle
angle between the normal direction of the screen surface and the measurement or vigwing
diregtion

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

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

Note B to entry: The vertical viewing angle™is the angle between the screen normal direction and the vantage
point,|both lying on the same vertical planet

3.1.

Iumlance variation by viewing angle
percent difference of display white luminance, between normal incidence (at 0° viewing apgle)
and |a specific viewingtangle at each screen measuring point or averaged over the sdreen
measguring points

3.1.6
confrast ratio)variation by viewing angle
percent difference of contrast ratio between normal incidence (at 0° viewing angle) and a
spedjfie viewing angle at each screen measuring point or averaged over the screen measyring
poin{s

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

3.1.1

half-

0
luminance viewing angle

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

3.1.1

1

half-contrast viewing angle

horiz

3.2

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

APL
CCT
CIE

CIEL
DUT
LMD

4

4.1

An g
char

document, means pre-gamma signal’and APL means post-gamma APL.

4.2

For

using a non-contact-LMD, a spectroradiometer or a non-contact colorimeter is installe

show
mea
poin
scre
of th
view

ontal viewing angle that has the half value of the contrast at the normal direction

Abbreviations

average picture level
correlated colour temperature

Commission Internationale de [I'Eclairage (Intefnational Commission| on
[llumination)

AB CIE 1976 (L*a*b*) colour space
device under test
light measurement device

btandard measuring equipment

Video signal generator

nalogue video signal generator or“a digital video signal generator is used. The sjgnal
bcteristics shall match with the measured curved display module. Input signal, in| this

Non-contact LMD

he purpose of vantage-point measurement, the non-contact LMD shall be used. When

n in Figure 1. Fhe optical axis of the non-contact LMD should be normal in the case of
suring the Centre of the display surface. In this document, for the purpose of vanfage-
measurement, the measuring distance /; from the LMD to the centre of the digplay
en shalkbe either the design viewing distance or 37 where V' is the effective screen hgight
e display and H is the horizontally effective screen width of the display. The dgsign

The

ng{distance might be recommended based on the display resolution and curvature radius.
i i i CIE

1976 standard colorimetric observer.
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Display module

v LMD

o
' e E------- -
! Video |
! signal | Im |

[
| generator ' Measuring distance |
1 I —~
1

Control PC / \
(if used) / \

Figure 1 — Measuring layout for non-contact measurement

IEC

5 $tandard measuring conditions

5.1 Standard measuring environmental conditions

Measurements shall be carried out under the standard)‘environmental conditions. When
diffefent environmental conditions are used, they shall.bé noted in the report.
Temperature: 25°C+3°C

Relative humidity: 25 % RH to 85 % RH

Atmqgspheric pressure: 86 kPa to 106 kRa

5.2 | Power supply

The power supply for driving the DUT shall be adjusted to the rated voltage +5 %. In addj|tion,
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 squrce
is switched on, and a 100 % gray level of input signal is applied to the DUT, until repgated
measurements_of the display show a variation in luminance of no more than 2 % per m|nute
and % perthour.

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 obligue measuring
directions. In 5.6, it is assumed that the display module shall be generally installed in the
verticatpositiomtothe ground—The curvature type of theexamptes s concave;, butthetonvex
typelis also available for these applications. The measuring direction that is the same\@$ the
view|ng direction is varied according to each vantage point and each viewing angle of the
measguring position.

5.6.2 Measuring geometry in horizontal vantage point

Figufe 2 shows the measuring geometry of the top view in the horizonmtal vantage point| The
measuring distance I, at the left or right measuring point of the scréen 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. I{ can
be measured between the screen centre of the display modulg,and the optical lens of the [LMD.

Curved display module

Measuring point

___________ Rotation

Sc¢reen 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 /p 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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5.7
5.7.1

Whe
betw|
mea
rang

usage shall be applied. The range «of the viewing angle might be determined from over

of ad

For
horiz
enab
horiz
size

5.7.2
The

Curved display module

Measuring point

Screen centre Standard (normal) ﬂ
B viewing direction Ip <0,1ly

IEC
Figure 3 — Measuring geometry in vertical vantage point (side view)
Measuring layout for viewing position

General

surement by the viewing angle withi*the actual watching conditions of customers
b of the viewing position of normal-to +45° of the display which is possible in the a

tual usages of consumers when watching large screen displays.

he measurement in theJviewing angle, as the viewing angle is mainly changed in
ontal direction, the, LMD can be installed on a movable tripod around the displd
le to change the-horizontal viewing angle. Alternatively, the display module may r
ontally to change“the viewing angle when the LMD is fixed. Depending on the dis
or the measurement room space, one of the alternatives shall be adopted.

Measuring layout by moving LMD

viewing direction of the viewer becomes the viewing angle of the display. In this caseg

mea

suregment distance shall not change regardless of the viewing angles. The meas

n watching a display, according to the_viewing position, a viewing angle shall be se¢t up
een the display’s perpendicular direction and the viewing direction. In 5.7, fon the

the
ctual
D0 %

the
y to
btate

splay

, the
iring

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

In each viewing angle of the viewing position, the measuring direction is changed by

view
by th

[M=3V

Oy = 15° (viewing angle)

Screen centre Standard (nofmal)
viewing direction
IEC

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

ng angle at the same time. Figure 4ishows the measuring direction of the screen c¢
e horizontal viewing angle (©y) that'is caused by the viewer’s position. In any meas

the
bntre
iring

posifion, the measurement distancg, /), should not be changed. But because of the angle of

the
scre

5.7.3

Instsg

should be installed“en a rotatable fixture to enable changes in the horizontal viewing 3

base
by th

antage point, the viewing anglés and the measuring distances of the other points o
en are different from those©f screen centre.

Measuring layout-by rotating the display module
ad of moving the/LMD, the display module itself can be rotated. The display mg

d on the display screen centre. Figure 5 shows the measuring geometry of the top
e horizontal display directions from 0° to 45°.

f the

dule
ngle
view
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oy = 15°
(viewing angle)
\1 Curved display module

Measuring positions

Tu =37

Screen centre Standard (normal)
viewing direction

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, thewviewing angles and the meastring
distances of the other points of the screen are different from those of the screen centre.

5.8 Minimum curvature radius for the measurement

Whep 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
Figufe 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 npt be
possible to measure the screen edgéeof the viewer's side or there will be an inaccuyrate
measurement at 45° angle of viewing distance 3V. Figure 6 shows the minimum curvature
radiys of a concave type curved display device in the top view. In Figure 6, if the cyrved
display is smaller than the minimum curvature radius, the right side of the screen might be
invisjble and impossible to measure because the right side edge of the screen is 45°, that is,
almagst parallel to the measuring direction of right side measuring points.
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\?\\ e __=-" measuring direction
1EQY
Figure 6 — Minimum.concave type curvature
radius for thesmeasurement (top view)
5.9 | Screen visual angle
5.9.1 Screen visual angle of/a flat display module
Wheh a complete flat display of a 16:9 aspect ratio displays a horizontal/vertical ratio &
is 1,778, for example, the'screen visual angle at a 3V viewing distance is as follows:
k 16
-1 E 1 9><2V 16
O, =2tan” =—=2tan” ===—=2tan” — =33,01(degree)
3V 3V 54
5.9.2 _ _Screenvisualangleof concavetype 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 fo

llows:
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@VACC/kV = 27[/272' x 3V

16
kV x2r 9 16 ,
2] =———=-——=—(radian) = 33,95 (degree
VACC =5 = =5 27( ) (degree)

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

Viewing positiogn

TR, =3V

Viewing distance: 3V

Screen centre

IEC

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

6 Measuring methods of optical eharacteristics

6.1 General
6.1.1 Measuring items

The measuring items fortcurved display characteristics are as follows:

¢ Iuminance variation”of white box by viewing angles
cpntrast ratiowvariation of white box by viewing angles
chromatiCity variation of white box by viewing angles
cplour gamut area variation by viewing angles

C

romaticity 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

(2)

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

Test pattern

displayed by 9 white rectangular boxes with black background. Each box is 1 % of the ar

the ¢
boxég
gett
of ed

creen that has a size of H/10 horizontally and’ of 7/10 vertically. The total area o
s is 9 % of the screen area and the APL shallxbe 9 %. It might be suitable for the Al
he maximum luminance of the self-emitting“displays. The measuring points are the cs
ch box and the measurement field of thelMD is suggested to contain 500 pixels or

IEC

test pattern for white box measurements is showed-in Figure 9. The pattern shafl be

ba of
f the
PL to
entre
more.

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

test patterns for colour box measurements are shown in Figure *1. They sha

displlayed by 9 rectangular boxes of each R, G and B that are the same type as the
boxegs. Depending on the CCT of the white balance of the WRGB “type panel, the of

char

hcteristics of the white box such as luminance, screen unifofmity and APL may notf

up tq a just addition of the colour box characteristics.

6.2

| be
vhite
tical
add

IEC

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

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

condition of watching,a display screen. Figure 12 shows the measuring direction of 9 van
poin{s at a viewing. angle of 0°.

HI10

real
tage

- A
- \V','M'n

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°

Figufre 14 shows the front upperview of Figure 13.

O 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 ™0_p ‘

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

0_p

where

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

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

8
LVg = 1 > LVg p (%), where © =15, 30, 45 (degree) (5)
p=0

8
> (LVe p - LVe)?

SLVg =1|2=2

(%), where @ =15, 30, 45\(degree) (6)
8

Attention is drawn to the fact that Equation (5) is not a variation;of the average luminancg of 9
poin{s 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 follgws:

LO_p (W) _ LO_p (W)

CR, , —CRq Loy(k) Lo (k) (7)
CRV,  =1—2 — —PIx100=— P x100 (%), where ® =15, 30, 45 (degree
O_p CRo_p Lo_p(W) ( o) ( g
LO_p(k)
where
CRe__p: contrasft ratio of point p at viewing angle 6
Lg p k): luminance of black in cd/ m? of point p at viewing angle 6

The Javerage-(mean) and standard deviations of the contrast ratio variations of 9 poinfts at
view|ng,angle O are as follows:

8

CRVg = 1 Z CRVg o (%), where @ =15, 30, 45 (degree) (8)
p=0 -
> 2
D (CRVg , —CRVg)
p=0

SCRVg = (%), 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.
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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 «” 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 g p = \/(u'w_(_j_p—u'w_n_ln )2 +('w ap=Vwap )2, where @ =15, 30, 45 (degree)(10)

where
u'w ¢ p: u of the point p white box at viewing angle ©
vy ¢ p: v’ of the point p white box at viewing angle ©

The pverage (mean) and standard deviations of the chromaticity variation of the white bpx at
view|ng angle O are as follows:

8
AC, o =12ACW o p. Where © =15, 30,45 (degree) (11)
X e 0.
8 2
Z (A Cw_@_p - ACW_@)
SAC,, o =22 where © =15, 30, 45 (degree) (12)
p— 8 4

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 cplour
gamyt area Sg |, at viewing'angle O is as follows:

1 L ! ! ! ’ ! ! !
S ®@p~ E [(ue rop-Upep v gO©p-VYbop )-(u gO0p-Upop v rop-Vborp )l (13)

where © =0, 15, 30, 45 (degree)

where

u's @ p- u of the point p red box at viewing angle ©
vViep V' of the point p red box at viewing angle 6
u’g_e_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
“’b_e_p5 u’ of the point p blue box at viewing angle 6
v'p 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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SV p=——, where © = 15, 30, 45 (degree)

(14)

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

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

rr'r—n

(15)

6.4.2

As w
angl|
angl

In th
calcy

In th
varig

8
> (Ve p-SVe)?
SSVg = p=0 (%), where @ =15, 30, 45 (degree)
8

Chromaticity variation and 4E by viewing angle

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

ACr g p = \/(u'r_@_p—u'r_o_p )2 +0'r 0 p= V0% )2, where © =15, 30, 45 (degree)

lated at each 9-point by the viewing angle.
e red colour boxes, the average®(mean) and standard deviations of the chroma

tion at viewing angle © are as follows:

8
AC o =%ZACr_@_p, where @ =15, 30, 45 (degree)
p=0

8
2
(4 Cr_@_p -4 Cr_G) )
0

SAC, @ = P= _where ©=15, 30, 45 (degree)

8

(16)

(17)

e same way, the chromaticity variation4Cy g |, for green and 4C, o , for blge is

ticity

(18)

(19)

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

4C

g_0_p

and 4Cy, g p (4Cy @, S4C4 g and 4Cy, g, SACy, @) 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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r sz{ ] (20)
(2]
i)

3 5> 0,008856
7875 +16/116 s <0,008856

22)

,—\/\
\_/v

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

X Yur Zy: 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 bpsed
on the 0° viewing angle asfollows:

* * 2 * * 2 * * 2
AE o p = \/(L rop L r_G)_p) +(a rop 4 r_@_p) +(b rop—b r_@_p) ) (23)

where @ = 15,30,45(degree)

where
L* 4 pr@% 0 p» D% o pi L* a*and b* " of thegneasuring point p at viewing angle 0°
L* @ poa* o pb* o pi L* a*and b¥of the measuring point p at viewing angle ©

In the same way, 4E4 o , for green atd 4E, o , for blue are calculated at each 9-point by
view|ng angle. T

In thie red colour boxes, thesaverage (mean) and standard deviations of 4E, g b at vigwing

angleé © are as follows:

8
4E, ¢ =lz AE, o . Where @ =15, 30, 45 (degree) (24)
p=0

8
,z (AEr_e_p - AEr_G) )2

SAE, o :\/ =0 where @ =15, 30, 45 (degree) (25)
_ 5 ,

In the same way, for the green and blue colour boxes, the average and standard variation of
AEy g pand 4Ey o , (4Ey @, SAEy4 g and 4Ey, o, SAE, g) 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 6°
of viewing angle is obtained as follows:

min(LQ_O’LQ_»]’L@_Z ...,L@_g)

LUg = x100(%) where @ =15,30,45(degree) (26)
maX(L@_O’L@_»]’L@_Z...,L@_s)
. |LUg-LUe| U
10V = — X 10U wWnere o= 19,0UA43(UEYIEE) (27)
LUy
6.5.3 Chromaticity uniformity and uniformity variation by viewing angle
Chrdgmaticity uniformity at viewing angle © can be calculated with the maximum 4u’v’ bapsed
on the colour coordinate of the centre white box. The chromaticity uniformity variation 4CUg
at vigwing angle O is obtained as follows:
. . 2 ' ; 2 ' v 2 ' . 2
CUg =max| (ug 1-ug o) +(V@_1 —V@_o) ~ (u@_s —u@_o) +(V@_8 —V@_o)
whene @ =15,30,45(degree) (28)
ACUg4 :‘CU0 —CU,|, where.® =15, 30, 45 (degree) (29)
6.6 | Half-luminance and half-contrast viewing angle
6.6.1 Half-luminance viewing anglé’range
Each luminance at the front, and<left side and right side is calculated by averaging only 3
lumipances of white boxes number 0, 6, 8 in a horizontal centre line, as in Figure 15.
Measuring 3 boxes
Left Half-ldmi ~ ,*" Right half-lumi
\\“\\ lM =3V ‘,”
____________ IEC
Figure 15 — Measuring method for half-luminance viewing angle
1
LeHL,L = E(Lo_o + Lo_e + L078) = LeHL,L_o + LOHL,L_G + LOHL,L_S (30)
where
Loyt luminance at viewing angle 6,
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1
= E( Lo_o + Lo_e + Lo_s) = L@HL_R_O + L@HL_R_G + LG)HL_R_S

OHL—R

luminance at viewing angle 6, .

is the viewing angle range of the half-luminance compared to the front luminance.

calculated by adding the left-side and right-side half-luminance viewing angles.

whelle

HL-L|

6.6.2

In the
rangg
measuring the black and white luminance at measuring points,@, 6 and 8.

where
CRg licr. - contrast ratio at viewing angle @, &),
1
CRo, .. = E(CRO_O +CR, ¢+CR, \)=CRgy  o+CRy  6+CRy . &
where
CRg [HCR-R: contrast ratio at viewing angle 0, «

Oucrk-LR s calculated by adding the left-side and right-side half-contrast viewing angle$

whe

OHCRk-L: left-side half-contrast viewing angle
OHCR-R: right-side half-contrast viewing angle

HL-R*

e

o) — O e
AR - YA " YHLR

left-side half-luminance viewing angle
right-side half-luminance viewing angle

Half-contrast viewing angle range

same way as for the half-luminance viewing angle range, Ogr_Rr is the viewing §
of the half-contrast ratio compared to the front contrast~ratio. It is obtaine

CR. = %(CR00 +CR, (+CR, )=CRy L +CRy_ 4+CR

OHcr-L Orcr-L_8

@HCR—LR = YHerL + @HCR—R

(31)

It is

(32)

ngle
by

(33)

(3%5)

7 Reporting

71

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


https://iecnorm.com/api/?name=6faeda1ce5767ca3d3285744645d59ff

IEC TS 62715-5-2:2016 © IEC 2016 - 25—

— 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 aaerermmenttroacdachat
MTCaOSOUTCTiCTIC TCSurtS STTou

a) luminance of white, black and colour boxes

b) dhromaticity of white box

c) 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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