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IEC 62977£3+4 has been prepared by IEC technical committee 110: Electronic displays.
Interngtional Standard.

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRONIC DISPLAYS -

Part 3-4: Evaluation of optical performances —
High dynamic range displays

The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizatien.co

mprising

all ngtional electrotechnical committees (IEC National Committees). The object of IEC is to promote“intefnational

co-operation on all questions concerning standardization in the electrical and electronic fields. .To this
in addition to other activities, IEC publishes International Standards, Technical SpecificationsyTechnical

end and
Reports,

Publ|cly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)]). Their

preppration is entrusted to technical committees; any IEC National Committee interested\in the subject d
may [participate in this preparatory work. International, governmental and non-governmental organization
with [the IEC also participate in this preparation. IEC collaborates closely with thé International Organiz
Standardization (ISO) in accordance with conditions determined by agreement bétween the two organiz

The formal decisions or agreements of IEC on technical matters express, as'nearly as possible, an inte
consensus of opinion on the relevant subjects since each technical committee has representation
interpsted IEC National Committees.

IEC [Publications have the form of recommendations for international use and are accepted by IEC

ealt with
liaising

htion for

htions.

national
from all

National

Committees in that sense. While all reasonable efforts are made\to ensure that the technical content of IEC

Publ|cations is accurate, IEC cannot be held responsible for the way in which they are used or
misipterpretation by any end user.

for any

In ofder to promote international uniformity, IEC National' Committees undertake to apply IEC Pubjications

trangparently to the maximum extent possible in their national and regional publications. Any divergence

between

any |EC Publication and the corresponding nationalof regional publication shall be clearly indicated in the latter.

IEC |tself does not provide any attestation of cahformity. Independent certification bodies provide cgnformity

sment services and, in some areas, access to IEC marks of conformity. IEC is not responsiblel for any

erts and
mage or

othef damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fdes) and
expenses arising out of the\ publication, use of, or reliance upon, this IEC Publication or any other IEC

htions is

f patent

It is an

The text of this International Standard is based on the following documents:

Draft Report on voting

110/1493/FDIS 110/1509/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.
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This document was drafted in accordance with ISO/IEC Directives, Part 2, and developed in
accordance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, available
at www.iec.ch/members_experts/refdocs. The main document types developed by IEC are
described in greater detail at www.iec.ch/publications.

A list of all parts in the IEC 62977 series, published under the general title Electronic displays,
can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged until the
stability date indicated on the IEC website under webstore.iec.ch in the data related to the
specific document. At this date, the document will be

e recpnfirmed,
e withdrawn,
e replaced by a revised edition, or

e amgnded.

IMPORTANT - The "colour inside" logo on the cover page of this-document indicates that it
contajns colours which are considered to be useful for the\correct understanding |of its
contents. Users should therefore print this document using@colour printer.



https://www.iec.ch/members_experts/refdocs
https://www.iec.ch/publications
https://webstore.iec.ch/?ref=menu
https://iecnorm.com/api/?name=dcc49ce333666fc1e843f549755e29a3

IEC 62977-3-4:2023 © |IEC 2023 -7 -

INTRODUCTION

High dynamic range (HDR) systems enable more natural images that contain wider variations
in brightness. For the wider dynamic range, newly designed electro-optical transfer function
(EOTF) replaces the BT.1886 function of standard dynamic range (SDR) HDTV. High dynamic
range (HDR) systems utilize non-linear signal encoding that enables reproduction over a wider
range of light levels, from subtle grey differences at very low luminance levels up to very bright
highlights. This very wide range of light levels occurs in both natural as well as synthetic imagery.
In particular, in order to render the native image according to the intent of the content creator,
signal codewords of SMPTE ST 2084 [2]! HDR EOTF, also known as the perceptual quantizer
(PQ) are mapped to absolute luminance values within the masterlng peak Iummance as
elative

e HDR
h using
apping

This dgcument intends to describe the measurement and evaluation of\the optical perforfmance
of HDR displays as a reference for forthcoming standards to makéthe work of the involved

There pre unique requirements to evaluate HDR displays, and particular attention is gjven to

1) verly low luminance levels will be measured, with careful control of stray light from bpth the

2) to measure high light output levels, measutements timing and test pattern need to be
carefully controlled to correctly and accurately capture peak or high luminance level$ since
HDR displays can have a peak lumiftance time limit, and many HDR displays have
lunfinance loading limits;

3) for|HDR content, 10 bits or higher bit-depth should be used for sufficient lumiinance
qugntization;

4) the|HDR test signal has SMPTFE ST 2086 [3] HDR static metadata assigned to fixed yalues.
OtHer metadata is not used-in this document.

Proper| source content jS\critical to evaluating HDR performance of the displays includ|ng the
driver |[(and interface). )In SDR displays, it is possible to separate these issues fram the
evaluation of “panels?; but for HDR displays it is not possible to separate these issues b¢cause
HDR djsplays in€lude one or more internal blocks that process the HDR video signal, such as
EOTF and tone_mapping, etc., in addition to essential driving stages for the display panel.

T Numbers in square brackets refer to the Bibliography.
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ELECTRONIC DISPLAYS -

Part 3-4: Evaluation of optical performances —
High dynamic range displays

nd systems. These methods

luminapce encoded such as the HDR signal comprising RGB component vallies of
Reconfmendation ITU-R BT.2020 colorimetry with SMPTE ST 2084 [2}\PQ luminance enlcoding
and SMPTE ST 2086 [3] metadata.

NOTE A flat panel or flat panel display is a display with a planar surfacesfhat emits light from the surface. The
display ¢an consist of light valves modulating a backlight or be self-luminousi Emissive/transmissive/reflectie hybrid
displays|can be non-planar panels or non-planar panel displays.

2 Ndrmative references

The following documents are referred to in the text in such a way that some or all of their ¢gontent
constitptes requirements of this document. Far(dated references, only the edition cited applies.
For undated references, the latest edition of the referenced document (includirlg any
amendments) applies.

IEC 62977-2-1:2021, Electronic displays — Part 2-1: Measurements of optical character{stics —
Fundamental measurements

IEC 62977-2-2:2020, Electronic displays — Part 2-2: Measurement of optical characteristics —
Ambient performance

CIE 015:2004, Colorimetry

Reconlmendation ITU-R BT.2020-2, Parameter values for ultra-high definition telgvision
systenis forproduction and international programme exchange

RecommemndatiomtTU=-RBT-2100=-2,frmageparameter vatues for tighdyrmamnic range tetevision

for use in production and international programme exchange

3 Terms, definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.org/

e |SO Online browsing platform: available at https://www.iso.org/obp
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3.1.1
HDR p

eak luminance

maximum stable white luminance of the display using the HDR test signal (see 3.1.14) under
the required measuring condition

3.1.2

dynamic range
range of the lowest to the highest luminance expressed by the ratio of the highest luminance to
the lowest luminance that the display can render by a non-zero signal value

Note 1 to entry: The unit of the dynamic range can be expressed in terms of the number of stops using the formula
Log,[dynamic range].

3.1.3
high d
HDR

span o

3.1.4

lynamic range

f image luminance and contrast described in Recommendation ITU-RBT.2100

standard dynamic range

range

bf relative luminance with an unbounded input signal (generally exhibiting a pow

er law

dependlence with input signal to be displayed in accordance with the luminance range| of the
display|) that is normally possible for a conventional video display and content, whergby the
standard dynamic range signal for SDTV, HDTV and UHDTV ‘is encoded with the format defined
in Recommendation ITU-R BT.601 [13], Recommendation ITU-R BT.709 [12] and
Recommendation ITU-R BT.2020, respectively

3.1.5

average picture level

APL

averaﬂte input level of all signal pixels relative to the maximum signal setting expressgd as a
percentage

Note 1 tp entry: Post-EOTF APL is also called ALL (average light level), and calculated by averaging of popt-EOTF
signal pixels (linear values).

3.1.6

code Value

digital [input value of an_image signal component representing a signal pixel expressed in a
specified format such*as RGB

3.1.7

opto-electrical transfer function

OETF

opticall te’signal transfer function which is used in image acquisition devices such as|digital

cameras for mapping scene luminance to digital code values prior to encoding, transmission,
or compression

Note 1 t

o entry: If OETF and EOTF consist of or are close to a power function (such as generally used

in SDR

systems), the function is called nonlinear encoding (gamma correction) and nonlinear decoding (inverse gamma
correction), respectively, where its exponent is called gamma or gamma value.

Note 2 to entry: In conventional non-constant luminance systems, the nonlinear decoding is done in t

domain,

whereas it is done in the YC_ C, domain for constant luminance systems.

he RGB
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3.1.8

electro-optical transfer function

EOTF

mathematical function for the inverse OETF (and system gamma for power law functions),
usually used for display systems such as TVs and monitors, that maps digital code values to
displayed luminance

Note 1 to entry: Generally, EOTF is also called nonlinear decoding, which is the inverse of nonlinear encoding, but
custom decoding is also available in many display products.

3.1.9

optical-to-optical transfer function
OOTF
mathematical function that maps the captured luminance by a camera to the dislplayed
luminapce by a display device according to the rendering intent or peak luminance af\the display

3.1.10
white boosting
increase in the luminance of displayed white image elements beyond what is expecfed for
R + G [+ B primary colour additivity, and a corresponding decrease incgolour saturation

Note 1 to entry: Luminance boosting such as white boosting can influencg’ the tone curve according tp colour
saturatign that is deviated from the display gamma curve.

3.1.11
HDR diisplay
displa{ that can accommodate, properly process, and display the PQ-encoded HDR ¢ontent
defined in Recommendation ITU-R BT.2100

Note 1 tp entry: An HDR display can also display SDR econtent by changing the EOTF and its related functigns such
as tone mapping and system gamma.

3.1.12
HDR cpntent
image content mastering with OETF which is described in Recommendation ITU-R BT.2[100

3.1.13
HDR tone mapping
mapping of the HDR test.signal to the performance envelope of a display, whereby the display
systen] maps one set/of-tone ranges to another to approximate the appearance of the cpntent,
when the content requires a wider dynamic range beyond the display’s capability to repfoduce
the fulljrange of light intensities ranging from the darkest to the highest target luminancqg levels

Note 1 tp entry®="HDR tone mapping can include dynamic range global or local clipping or roll-off while prgserving
the chromaticity’ of the original image (see 6.6), perceptual colour rendering, or other forms of colour gamut jnapping
which arle dépendent on the display mode.

Note 2 to entry: An HDR DUT can use different static and/or dynamic metadata as input to the tone mapping
algorithms.

3.1.14

HDR test signal

test signal referred to as an HDR10 implementation that has been adopted by the display
industry to describe an uncompressed signal that uses the PQ EOTF from Recommendation
ITU-R BT.2100 and HDR static metadata defined in SMPTE ST 2086 [3]

Note 1 to entry: An explanation can be found in 4.1. For the purpose of controlled metrology, the test signal is used
with a single set of signal parameters that is unique compared to other signals described in display-referred (refer to
Chapter 20 in [1]) whose signal represents the intent of the content creator that includes defined parameters for the
non-linearity, min/max luminance, and the colour encoding of the signal container, whereby the encoded signal values
can be directly transformed to absolute CIE XYZ.

Note 2 to entry: For the definitions of HDR test signals such as display-referred, signal container, etc., and for
background information see Chapter 20 in IDMS ver.1.1:2021 [1].
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3.1.15

Maximum Content Light Level
MaxCLL
metadata which indicates the maximum light level value of any single pixel of the entire playback
sequence

Note 1 to entry:

3.1.16

Maxi - i ]
MaxFALL
metad

ta which indicates the maximum frame average value within a temporal seque

For MaxCLL, the unit is equivalent to cd/m? when the brightest pixel in the entire video stream has
the chromaticity of the white point of the encoding system used to represent the video stream. Since the value of
MaxCLL is computed with a max() mathematical operator, it is possible that the true CIE Y luminance value is less
than the MaxCLL value.

nce of

b stream
used to
hed only

ITU-R

frames

Note 1 tp entry: For MaxFALL, the unit is equivalent to cd/m? when the maximum frame average of the entir

correspqnds to a full-screen of pixels that has the chromaticity of the white point of the/'encoding system

represent the video stream. The frame-average computation used to compute the MaxFALL value is perforn

on the aftive image area of the image data.

3.1.17

AEgg,pls0

colour |difference calculated based on adaptation to D50 cusing CIE 1931 colour-matching

functions (CMFs)

Note 1 tp entry: This colour difference is different from CIE AEj,.

3.2 Abbreviated terms

For thg purposes of this document, the following abbreviated terms apply.

ABC auto brightness control

ACR ambient contrast ratio

ALC ambient light contrel

APL average picturetevel

BRCR bright room:¢ontrast ratio

CAT chromatic adaptation transform

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

CMF colour-matching function

DRCR darkroom contrast ratio

DUT device under test

EOTF electro-optical transfer function

HDR high dynamic range

OETF opto-electrical transfer function

OLED organic light emitting diode

OOTF optical-to-optical transfer function

PQ perceptual quantizer (PQ tone curve as defined in Recommendation
BT.2100)

RGBCMY red, green, blue, cyan, magenta and yellow

SDR standard dynamic range

SLET stray light elimination tube
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4 Standard measuring equipment

4.1 Video signal generator

A digital video signal generator is used, and the HDR test signal is implemented as follows. All
code values of the test signal shall be PQ encoded with BT.2020 colorimetry and 10-bit
full-range. The DUT should support a 10-bit or greater signal and colour range signal input of
Recommendation ITU-R BT.2020. This shall be included as “Supported” or "Not supported” in
the test report of Clause 7. It is important that for each measurement result, metadata conditions
are defined, checked and reported; otherwise, the results might not be reproducible. The static
HDR metadata format shall be reported as described in 7.1 (refer to Section 20.1.1 and Section
20.1.5in IDMS ver.1.1:2021 [1], [12], [15]). The HDR test signal format is defined as:

SMPPTE ST 2084 EOTF, 10-bit RGB full range, BT.2020 primary encoding,
SMPTE ST 2086 metadata: The default metadata is set to P3D65, 4 000 cd/m2 peak
MaxCLL no data, MaxFALL no data

If the DUT exceeds the default metadata settings, these can be mjpodified
accordingly as long as they are clearly reported.

The input signal or input data, in this document, means the transferred-code values by thg OETF
of PQ HDR defined in Recommendation ITU-R BT.2100 and Report ITU-R BT.2390 [17]

4.2 Conditions of measuring equipment

Refer fo IEC 62977-2-1:2021, 5.3.4.
Additignal conditions of the measuring equipment'shall comply with IEC 62977-2-1.

4.3 Measuring equipment block diagram

Refer o IEC 62977-2-1. An example of-block diagram is shown in Figure 1. The optical [axis of
the optical test equipment shall becentered on the screen and perpendicular to the display
surface.

Display screen

s

A

LMD

Fr=g -~ """\ /) -"--- 1
' | A= Screen centre
| ! 77 I B = e e R
1 1
i Video signal |
! generator !
I 1
1 1 "
| | iy I _
__________________ - Measuring distance o

Control PC

(if used) / \

Figure 1 — Measuring layout for non-contact measurement

IEC
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5 Standard measuring conditions

5.1 Standard measuring environmental conditions

Refer to IEC 62977-2-1:2021, 5.1. The standard environmental conditions for performi
measurements are defined as follows:

e temperature: 25°C £ 3 °C,
e relative humidity: 25 % to 85 %,
e atmospheric pressure: 86 kPa to 106 kPa.

ng the

When ffifferent environmental conditions are used, they shall be noted In the report.

5.2 Power supply

The pdwer supply for driving the DUT shall be adjusted to the rated voltagert2 %. In ag
the frefjuency of the power supply shall provide the rated frequency 1 %:-

5.3 Warm-up time

Measufements shall be started after the displays and measuring,instruments achieve st
The DUT shall be turned on first and operated for at least 30 'wiin prior to the measur
Some [display technologies might require a loop of colour(patterns rendered on the
during [the warm-up period. Sufficient warm-up time has, b€en achieved when the lumina
the test feature to be measured varies by less than +£3)%’ over the entire measurement
(e.g. upiformity measurements) for a given display image.

5.4 Standard darkroom conditions

The luminance contribution from the background illumination reflected from the test

shall bg below 0,000 5 cd/mZ2. If the test pattern generates stray light, then stray light elim
metho
a sufficient signal-to-noise ratio suitable to measure the low luminance of black. If t
signifiqant background illuminatidn of more than 0,000 5 cd/m2 and of more than 10 %]
measufed black luminance, the off-state luminance by background illumination (also
backgrpund black) should be subtracted from the measured black luminance of the on-g

5.5 djustment of HDR display

The HIDR display-isva physical display that is receiving the HDR test signal. It is likely t

dition,

ability.
ement.
screen
nce of
period

Hisplay
ination

s such as frustum or stray light,elimination tubes should be used. The LMD shall have

here is
of the
called
tate.

hat the

HDR DUT is incapable of reproducing the entire display-referred HDR test signal which requires

absolute values with a definition of non-linearity, min/max luminance, and colour enco
the signal‘\container [1]. The standard operating status of the display equipment s

ding of
nall be

adjusted\by the following sequence.

a) Initialized status

The imaging setup configuration of the display equipment shall be returned to the factory

condition in the reference master mode. If the DUT does not have the reference

master

mode, the image mode shall be adjusted to the HDR standard or corresponding mode. The
mode shall remain at that setting for all tests in this document. The selection of the mode

should be made once and only once in this document. Likewise, any other

menu

configuration settings should be adjusted once and only once, and thereafter be left at the

same setting for all measurements. The mode and menu configuration used
measurements shall be recorded and reported.

for all
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b) Adjustment of ambient light control

Turn off the ABC (or ALC) of the DUT. If it cannot be turned off, set the DUT under no less
than 300 Ix lighting close-up or contacted with the light sensor for reasonable measurement
without dimming; this shall be reported. The lighting to disable the ambient light control shall
not influence the ambient illuminance for the darkroom and bright room condition. If the
lighting to disable ABC influences the results of the darkroom measurements, a close-up
type LMD as shown in Figure 2 could be used.

Display screen

7‘
(Measurement probe)
o P ! Tl ) LMD
| : A i
1 1
! Video signal ! Ambient sensor Control’body
! generator ! /
1 1
I_ _______________ 1
Lighting to ABE€
Control PC
(if used)

IEC

Figure 2 — Measuring layout for close-up type LMD

c) Adjustment of aspect ratio
The aspect ratio of the DUT shall be adjusted in full screen mode without overscan.
d) Reference master mode of HDR display,

The¢ HDR DUT can provide different modes of operation. Some modes can perform
perceptual rendering, whereas_the-feference master mode can provide a colorimetricf match
within its capability envelope. When measuring the DUT, it is not permitted to break put the
display device and the display system into separate optical functions. This is becaus¢ some
optjcal functions such astone mapping, white balance, frame rate conversion, dimmipg and
bogsting, etc., cannot.be turned off by users. In all measurements, the display shall meet
all the requirementsl of this specification without modifying the configuration settings

6 Measuring/methods of optical characteristics

6.1 HDR-péeak luminance

6.1.1 HDR peak luminance variation by black and white pattern

Due to the limitation of power consumption, the display luminance can be managed based on
the average luminance of the image. In this case, the APL to define white luminance would be
identical to the white window area with a black background. The white luminance curve
according to the white window area can be approximated by modeling as in the example given
in Formula (1), whereby the constants a, b and ¢ should be calculated based on the design
concept of the luminance curve.

Figure 3 shows an example of an APL-dependent white luminance curve obtained at the centre
of the black and white test pattern as a function of the centre window area (4 % area of the total
screen area). The 4 % white window area of the screen would make a pattern with 4 % APL.
Other displays not sensitive to the APL might show a more stable luminance curve up to 100 %
APL.
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The curve can be modelled by the inverse of the white window area (%) corresponding to the
APL (%) as in the example given by Formula (1) which is expressed with coefficients to convert
the APL value to the white luminance in cd/m2. The dashed line in Figure 3 demonstrates the
model estimation. A set of example coefficients was determined as 2, 11 000, and 55 for «, b,
and ¢, respectively. However, the coefficients vary with the optical characteristics and driving
scheme of the display system such as power management. The design of the luminance curve
might depend on the display device properties. The dimming and boosting in the luminance can
also be limited by electrical or material reliability issues, for example.

b
Lupite | €d/M? |~ —— 4 ¢
it e |- (™M
where
Awnhite is the white window area or APL in per cent;

a, b, c are constants to describe white luminance curve of a display module.

A

2000 —
1800 Q\ --9%-- Measured lunifiance

\ — 49— Calculated
1 600

1400 W
1200
1000 % N
800 -
DN
600 -
400 e =
200 = D
O L L =l il L il il L |
4 9 1687 25 36 49 64 81 100

APL (%)
IEC

White luminance (cd/m?)

-
|

Figure 3.=Example of white luminance curve as function
of the white window area, expressed by its APL (%)

6.1.2 APL by the window and background level

An APL for a.given 4 % area window pattern in Figure 4 would be determined by the lu
levels of the window and its background as given in Formula (2). When itis an 4 % area
with a window input (level X) and background input (level Y) in a 10-bit code word in Figure 4,
the APt i i

APL (%)= A4 x (X/1023)+ (100 — 4) x (Y/ 1 023) (2)

where

Xand Y are the 10-bit codes when the display has the full dynamic range specified by the
HDR content, while the luminance for the input can be variable according to the tone
mapping of the HDR system.
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v

Ylevel
Xlevel IEC

Figure 4 — General window pattern with 4 % area

6.1.3

The AR
and ch
to the
such ¢

Test pattern for HDR peak luminance

romaticity of the HDR content. Some HDR system makers might have toxdesign acq
power consumption limitations or for other reasons related to specific technolog
Ases, the resultant peak white luminance level can vary as a funetion of APL, as

in Figule 3. If so, a suitably low APL shall be selected so that the peak’luminance measu

is not

The pe
backgr
screen
which

reporte

NOTE

rbitrarily limited.

ak luminance shall be measured at the 4 % area wihdow (0,1 < 4 < 100) with
pund as shown in Figure 5 where H is the horizontal\screen size, and V is the
size. In case of white-only input, the 4 % area whité shall be the 4 % APL to the
has the same APL between the pre-EOTF andthe post-EOTF. The “4” value s
d.

For a low APL with a small area window, the measurement field is set to contain at least 500 pixels

A% area window

Black

background

IEC

Figure 5 — 4 % APL pattern with 4 % area white

PL for the peak luminance could be defined by considering both the required lumjinance

ording
ies. In
shown
rement

black
ertical
Hisplay
nall be

6.1.4

Measuring method

The peak luminance L,y shall be measured as the highest luminance value for a white input

with a specific input APL during the stable luminance condition. The measuring methods might
differ according to the developer’s and user’s perspective because the 4 % for the HDR peak

lumina

nce is usually unknown to users. The measuring method is as follows.

a) The measurement shall be performed in a darkroom using the test pattern of Figure 5.

b) Input the specified pattern for the measurement from the HDR video signal generator. All
mode and menu configuration settings shall remain as set according to 5.5.

c) If the 4 % value that provides the highest luminance is known, apply the pattern with this
A % white window area and measure the luminance at the centre of the pattern.
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d) If the 4 % value that provides the peak luminance is not known, determine this APL value
for peak luminance by varying the 4 % white window area 0,1 %, 0,5 %, 1 %, 2 %, and from
4 % to 40 % APL by 2 % steps and 100 % to measure the luminance at the centre of the
screen. The peak luminance shall be determined at the 4 % APL value showing the highest

lum

inance.

e) By using the window pattern of Figure 5, measure the luminance at the centre of the 4 %

whi

te window that might show the highest luminance.

f) If application of the peak luminance signal occurs at ¢t = 0, that luminance data acquisition
should not begin before peak luminance has stabilized. Several frames can be required
before attempting to measure peak luminance, therefore it is recommended that luminance
reaches over 90 % of the threshold to begin acquiring data, or preferably to wait at least

50}Illb after+—"0-
ret¢ntion protection. The LMD reading should be acquired before any protection' fec

Some HDR systems have an automatic dimming feature that activates thermal)or|image
ture is
act|vated.
NOTE In some displays, the peak white luminance can be larger than the sum of the ‘individual RGB peak
luminances [16].
g) For all measurements requiring peak luminance in this document,-the condition df peak
lurminance shall be used consistently.
h) Re
val
6.2
6.2.1

bort the 4 % or APL value that provides the peak luminance, and the peak lumina
e itself.

Black luminance and contrast ratio

Test patterns for black luminance

nce Ly

For th¢ measurement of black luminance, the @atterns of Figure 6 shall be used whegre the

lumina
availah
used f
windov
measu
black v

Figure
lumina

Section 5.7 of [1], where-the APL would not be 4 %. The background in Figure 6(b) con

31 equ
black K
of the
in10 b
lumina

nce of the screen centre shall be measured. The measurement of black luming
le to evaluate the performance related to the dimming function [26]. Figure 6(a)
br the minimum black by local dimming and global screen dimming. The tota
area in Figure 6 (a) shall be identical to the window area (4 %) of the peak lum
Fement. When 4 = 100 as in 6:1.3, the test pattern for black luminance can be
indow with white background.

6(b) can be used when the performance of the local dimming function is evaluatg
nce distribution ofithe input signal in Figure 6(b) shall be similar to the SDR ¢

ally spaced cencentric boxes from grey to white distributed over the screen with a g
ox 1/5 theslinear size (4 % area) of the screen. The input code values for the 33
mage-signal black can be 0, 30, 60, 90, 120,..... , 900 with equidistance and fina
ts, where the code value 923 for the most outer square corresponds to 4 000 cd/mj
hce.

nce is
can be
white
inance
al%

d. The
ase in
sists of
entred
b steps
lly 923
2 peak
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6.2.2

The d
range]

the co

IEC
(a) Quantity 4, A/4 % APL corner box
N
2 -
1y 5x31 e @
5 .

IEC

(b). \lmage-signal black

Figure 6 — Input patterns for black luminance

Contrast ratio
rkroom contrast ratio~((DRCR), refer to 6.4 in [8]) is available to determine the d

including black dimming. For the peak contrast ratio, normally the black luminanct
ner box would ‘be used as follows.

Ly

Ce =
' CB

namic
b using

(3)

Lk cB

is the corner box peak contrast ratio;
is the peak luminance;

is the corner box black luminance.

NOTE Let L, represent the background black luminance measured on the display in the OFF condition. If L, satisfies

either of
Lb >

L,>

then the

the following conditions:

0,1 Ly cB

0,000 5 cd/m?,

black luminance measurement Ly ca

is corrected by subtracting the background black luminance from it.
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The contrast ratio using image-signal black is measured to evaluate the independence between
the local block dimming and boosting function and is calculated as follows.

where
Cis

Ly
CGs=——
1S

is the image-signal contrast ratio;

(4)

Lyy
Ly s
6.2.3

The lo
local d

where

Ly cB

6.2.4
The m

a) For
b) Me

c) In g
LM
int

is the peak luminance;

is the image-signal black luminance.

Local contrast ratio

cal contrast ratio is used to evaluate the influence of local block”performance s

uch as

mming and boosting as well as luminance uniformity. The patterniof Figure 6(a) shall be
used for the corner box local contrast ratio which is calculated as follows.

_Lw_cB1*Lw_c2+Lw_cB3*Lwi.cB4

LCcp
4Lk cB

is the cornier box local contrast ratio

. Lw cB2: Lw cB3: Lw_cgsa are th€luminances at the centre of the corner white

windows of the upper-left, upper-right, lower-left and
right corners, respectively.

Measuring method
pasuring methods for6:2.2 and 6.2.3 are shown for reference as follows.

6.2.2 and 6.2.3,,the measurement shall be performed in a darkroom.
asure the luminance at the screen centre with the display off in the darkroom.

ase of the'darkroom condition, a frustum or stray light elimination tube or close-U
D with-a.Tens hood can be used if the luminance is influenced by stray light, esp
he,case of an inner box pattern surrounded by white windows.

(5)

lower-

p-type
ecially

NOT

£ 1 he measurement s aone without ptockimgthetomimatiom Hght:

d) Input the specified pattern for the measurement from the HDR video signal generator.

e) Measure the peak luminance L,y according to the procedure described in 6.1. Measure the
corner box black luminance Ly cg at the centre of the screen using Figure 6(a) for
Formula (3) and Formula (5) and_image-signal black luminance L g using Figure 6(b) for
Formula (4). -

f) In the darkroom measurement, the test room illuminance should be reduced if such
excessive background condition is noted, and a SLET is used. If the reflected luminance
from the background illumination when the display is off is greater than 10 % of the
measured black luminance, the luminance resulting from background illumination should be
subtracted from the measured black luminance.

g) Cal

culate and report with the measured data by using Formula (3) to Formula (5).
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Contrast ratio with ambient illumination

Since low-grey levels are critical to HDR, the contrast ratio under the ambient condition should
be calculated. More detailed information shall be referred to in IEC 62977-2-2:2020, 7.2. The
peak contrast ratio in the bright room contrast ratio (BRCR) is related to the amount of
luminance, and it corresponds to the ambient contrast ratio ((ACR), refer to 7.2 in [9] and
IEC 62977-2-2:2020, 7.2) under indoor illumination as follows.

[Lw N PW ECIE hemi N Ry Ec|E,gir COSOs J

where

Ly, Ly

W,amb T T
ACR = 6
) ( nl/Ef‘lEk i RI/ Ef‘l: = H COSHC‘ \ ( )
sarmb Ll —Aclotshemi—OiKk Heelis VJ
T T

are the peak luminance and black luminance measured in-a\darkroom condition,

respectively, and 6, = 45°.

For some examples of Egig hemi @nd Eg g 4iCOSbs, £0-Ix and 40 Ix for thg home
environment, 300 Ix and 200 Ix for an office arecgiven (see IEC 62977-2-2:2020,

4.3.3). For information on determining the, hemispherical diffuse reflectance
coefficients pyy and py for the display with a white or black pattern, respectively, see

IEC 62977-2-2:2020, 6.3.

The directed illumination reflectance factor coefficients R\, and Ry are mepsured
using a white or black pattern, respectively, using CIE Standard llluminapt D65

spectrum for indoor illumination.

If addifional geometries or illuminance levels are used, they shall be noted in the test rejport.

6.3
6.3.1

The lu
the AP
(for ex
differe
such a
white

lumina

|_uminance loading

General

minance loading method is performed to evaluate the luminance variation accorfing to
|_. Note that due toyvarious optical and algorithms choices when designing HDR dj|splays
ample, the white boosting function or tone mapping), the peak white luminance mjght be
nt from the sumr of the individual R, G and B peak luminance. The white luminance curve
s in Figure~3' can be drawn from the variation of the white luminance according| to the
wvindow.'area. Luminance loading is calculated from the difference between the peak
hce and full screen white luminance as shown in Formula (7) (see Section 5.24 of [1]).

where
LL

Ligo

1z = 2w =100 100(%) R
100

is the luminance loading of the white luminance;

is the white luminance in full screen white.
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6.3.2 Measuring method
The measurement shall be performed in a darkroom as follows.

a) Maintain the same mode of DUT as the peak luminance measurement.
b) Input the same pattern as the peak luminance measurement.

c) Measure the white luminance at the screen centre with the window size 0,1 %, 0,5 %, 1 %,
2%, 4%, 9%, 16 %, 25 %, 36 %, 49 %, 64 %, 81 % and 100 % area of the screen. If
necessary for more accurate luminance curves, increase the number of steps, for example,
0,1 %, 0,5 %, 1 %, 2 %, 4 %, 10 %, 20 %, ..., 100 % using 10 % increments from 10 % to
100 %.

d) If the Tuminance curve varies depending upon the duration ol any APL patiern in Figure 5,
it shall be reported.

e) Plot the data points to generate the DUT’s white luminance curve as shown in)Eigur¢ 3.
f) Calculate the luminance loading by using Formula (7).

6.4 ransition times and duration of peak luminance
6.4.1 Test pattern for transition time

To measure the rise time and fall time of peak luminance, the white’pattern for peak lumjinance
(Figurg 5) and black pattern for black luminance (Figure 6(a)).are used. For the transitign time
measufement, switch between the test pattern of Figure 5 té_achieve peak luminance gnd the
patterry of Figure 6(a) to achieve black luminance. The-White pattern and black pattgrn are
repeated in sequence in order to measure rise and fall'times at the centre of the screen.|In this
case, the variation of peak luminance should be nexmore than 2 % between any subspquent
peak lyminance measurements.

6.4.2 Measurement of rise and fall times

Figure|7 shows an image on the oscilloscope with a low-pass filtered curve and a graphical
example to explain the transition time (refer to IEC 62341-6-3:2017, 5.2.2.3 [18] and
ISO 9241-305:2008, 6.4 [23]). The rise time of the luminance is the transition time bg¢tween
10 % gnd 90 % of the rising curvel(= ¢, — ¢4 in Figure 7(b)) from the black luminance to the peak

luminahce that can be measutred by a linear opto-electrical detector and an oscilloscope. Fall
time refers to the downhill transition time, that is, 90 % to 10 % of the falling curve (= #4|— #3 in

Figure[7(b)) from the peakiuminance to the black luminance. To calculate the time interyal, the
luminaphce waveform should be sampled with an interval to resolve the response time, /10 or
less of|the fastest response time to be measured, and shall be filtered in order to remqve the
flicker by low-pass-filter with a cut-off frequency (e.g. 5 Hz) or the moving window avegraging
conserpying theltransition time. Cut-off frequency means the frequency where the level i$ down
to -3 dB whefifow-pass filtering. Generally, the low-pass filtered rise and fall times will b{ much

longer [than-the response time for driving the display device. The minimum duration to gchieve
peak lyminance shall be reported. When the peak luminance is repeated periodically
periodically, the time flow of the repetition shall be also reported.

r non-
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(a) Example of luminance as a function of time on the(oscilloscope
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IEC

(b) Conceptual graph of transition times

Figure 7—Graphical example of rise time and fall time of peak luminance

When peak luminance cannot be held indefinitely, it is measured to check how long the peak
luminance can be sustained.

a)

b)

c)

d)

In order to measure the duration that the DUT is capable of maintaining peak luminance,
the same pattern as in Figure 5 is used.

Input the step change from 0 % to 100 % luminance and measure the transition time and
duration time at the centre of the screen. Starting from the point in time at which the DUT
achieves 90 % peak luminance, peak luminance duration is reported as the length of time
over which the DUT is able to maintain luminance over the 90 % threshold.

If there are concerns about damaging the display (for example, image sticking) that could
result from an overly long peak luminance test, then a time-limited measurement can be
applied. In this case, cease testing before damage can occur, report the time tested, and
indicate in the report that testing was stopped at the reported duration.

The sampling interval to measure peak luminance should be shorter than 5 s. For the interval
measurement from the end of peak luminance to the restart of peak luminance, the input
signal for the peak luminance shall be inputted repeatedly with an interval less than 5 s.


https://iecnorm.com/api/?name=dcc49ce333666fc1e843f549755e29a3

IEC 62977-3-4:2023 © |IEC 2023 - 23 -

e) If the total measurement time takes longer than the duration time of peak luminance, it may
happen that the peak Iluminance varies during the measurement. In that case, the
measurement should be done after the peak luminance is recovered. The recovered
conditions shall be reported.

6.5 Tone reproduction
6.5.1 General

To evaluate the grey scale tracking accuracy (see IEC 62977-3-7:2022, 6.1.5 [19]), measure
the luminance and chromaticity for the specified input code values. Figure 8 shows the
luminance normalized OETF and EOTF curves for PQ when comparing to other standard curves.

0,9

0,8

0,7

a4 | ,
== = 22 gamma correction
[/ - ]
== == 2 2 gamma de-correction ,
05 / & PQ_OETF /' // /
/
04 p: PQ_EOTF /
’ / HLG_OETF[0:1] /
/ HLG_EOTF[0:1]

Output code value or luminance (normalized)

0 100 200 300 400 500 600 700 800 900 1000

Input code value (10 bits)
IEC

Figure 8 — OETF and EOTF curves

6.5.2 —informatiomom the evatuationm of tone reproduction

Annex A provides an example measurement and evaluation method of tone reproduction for
HDR displays by colour difference (AEyg psp)- The goal of the colour difference analysis is to

evaluate the colour distance between the specified target PQ grey and the measured DUT grey.
For the target grey, the observer is assumed to adapt to the D65 white [4]. For the measured
grey, the observer is assumed to adapt to the measured white. The colour distance between
the target and measured grey is calculated in D50 space. To achieve this, both target grey and
measured grey are transformed to the D50 space by each CAT matrix. The matrix for the target
is derived from transforming D65 white to D50 white. The matrix for the measured data is
derived from transforming the measured white to D50 white.
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6.6 HDR tone mapping
6.6.1 General

As a practical matter for the case of PQ HDR signalling, most conventional displays are not
capable of achieving a peak luminance of 10 000 cd/m2. To circumvent this limitation, display
manufacturers implement tone mapping methods to map out of range values within the
capabilities of the display. Tone mapping can occur in many circumstances such as:

o when the input signal is above the peak luminance;
e when the input signal is below the minimum black level achievable by the display;

° h o-thao lnnout cional raniirao aara Dalht thanm tha Aionlay, oo = mea (it ad by 1 1
wneR—the TP oTSTgTrar Tegoim oS ToTreTgre aar oo arspraycart 1o oC T tC O oy—ToTt Inance

loading).

In ordgr to avoid luminance saturation due to the display luminance limit for the dpper range of
PQ cofle values, it is possible to tone map the upper luminance range by using a norj-linear
roll-off[curve starting at, for example, 70 % of the display’s peak luminance_or the mgximum
luminapce of each R, G and B. The tone mapping curve can be hard-clipped at peak luminance
depenIing on the manufacturer and/or the product model. When the(peak luminance| of the

input sfignal is higher than the display peak luminance, some manufacturers can offer al mixed
tone cyrve that is both rolled-off and clipped. Figure 9 shows examples of roll-off tone mapping
and hgrd-clipping in the high level luminance range. The toned{eurve rendering can either be
static @r dynamic (using for example metadata or image statistics).

In the case of tone mapping based on an input signal4ith an average light load highér than
possible, various approaches exist including scaling the whole input image (linearly o1 in the
transfgrm domain), or selecting a hard clipping valué.on a frame basis.

A

1000 1000 cd/m2 display

Measuring range for
1 .000_cd/m? display

Luminance (cd/m?2)

700 cd/m?2 display

697,4 (70 %)

500 cd/m? display
4904 (70 %)

350,1 (76:%)

Roll-off
= « ==  Hard-clipped

\/

G953 ' 728 T0Z3
690

Code value (10 bits) EC

Figure 9 — Example of tone mapping for PQ curve

6.6.2 Information on the evaluation of tone mapping

Annex B provides an example evaluation method of tone mapping for HDR displays. The
proposed method enables detecting tone mapping when the tone mapping method is a fixed
transformation. Most HDR displays rely on content adaptive or metadata-based tone mapping
and thus could result in tone mapping being activated below or above the range reported using
this evaluation. As a result, the tone mapping range evaluated in Annex B could be significantly
different from the tone mapping range used in the tone reproduction evaluation (Annex A).
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6.7 Chromaticity gamut area and colour reproduction

6.7.1 Chromaticity gamut area evaluation

BT.2020 chromaticity gamut has a 189,1 % area of conventional BT.709 gamut in xy (refer to
Recommendation ITU-R BT.2020). BT.2020 gamut also covers 63,49 % of the CIE gamut area
(= 0,333 7) while BT.709 covers 33,59 % in xy. To calculate the chromaticity gamut area (%) of
the DUT compared with the target gamut area, Table 1 and Figure 8 show BT.2020 and DCI-P3
colorimetry standard [10], [15], [24], [25].

NOTE In BT.2100, the standard chromaticity gamut is the same as in BT.2020 colorimetry.
Fable4+—Primary-coloursof B1-2020and- BDCI-P3—
=
BT.2020 DCI-P3@D65 Ql/
CIE 1931 CIE 1931 b‘/
Y ratio (%) Pl Y ratfio (%)
X y X 'A J{b
R 0,708 0,292 26,27 0,680 /\0}820 24,90
£
G 0,170 0,797 67.80 0265 1)~ 0,690 6d,17
B 0,131 0,046 5,93 0,15((' )\‘ 0,060 7(93
Alea (Sq ..) ;
S 02119 ) \\ 0,152 0 )
(% t¢ total visible (63,49 %) O (45,54 %)
gamut) /\Q
QY
N
y A 5\\)
0,9 ‘{\6
520 $\' —— BT.709
0,8 510D —¢— BT.2020
J —h— DCI-P3
0,7
0,6
500
0,5
6
s
O 700
ol
\@ n’1
0 386
0 01 02 03 04 05 06 07 08 X

IEC

Figure 10 — BT.2020 and DCI-P3 chromaticity gamut in xy chromaticity diagram

The chromaticity gamut area is not correlated to the OETF and the EOTF of the HDR display
system. Therefore, measuring the chromaticity gamut area for HDR displays should follow
IEC 62977-2-1:2021, 6.7, and IEC 62977-3-5:—, 6.1 [7].
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In HDR displays, the intersection area for the targeting standard colorimetry such as BT.2020
or DCI-P3@D65 (so called Display P3 [15]) is required to reproduce a faithful image to the
original. The standard chromaticity reproduction ratio in the xy CIE 1931 chromaticity diagram
is calculated with the intersection area as follows. If necessary, Adobe RGB gamut? can also
be used for the gamut area evaluation.

S,xy
L |
50
- 0,2119 ;(xi = X;41)(v; + yiyq)| for BT.2020 (8)
> Z(xi —X;41)(; + y41)| for DCI=P3

~0,1520|~

where

RR yy is the standard chromaticity reproduction (or coverage)<atio in xy;

Ss xy is the standard gamut area in xy;
St xy is the display gamut intersection (overlap) areasin xy;
n is the number of cross-points between thé'standard and display gamut, whijle i is

numbered counter clockwise (see IEC 62977-2-1:2021, 6.7, and IEC 62977-3-83:—, 6.1
[71);

Xn+1 = X1 Yn+e1 T V1

NOTE [The u'v' area is not used, and the xy @pea can only be used with additive displays for which the xy} area is
approximately proportional to the colour gamut volume.

6.7.2 Information on the evaluation of colour reproduction

Annex|C provides an example measurement and evaluation method of colour reproduction for
HDR djsplays by colour difference (AEyg psp)- The goal of the colour difference analysys is to

evaluate the colour distance between the specified target colour and the measured colour. For
the target colour, the observer is assumed to adapt to the D65 white. For the measured polour,
the obperver is~assumed to adapt to the measured white. The colour distance between the
target and measured colour is calculated in D50 space. To achieve this, both target colqur and
measufed colour are transformed to the D50 space by each CAT matrix. The matrix [for the
target [s‘derived from transforming D65 white to D50 white. The matrix for the measurgd data

is derivedfromrtransforming-themeasured-whiteto B50-white——

2 Adobe RGB gamut is an example of a suitable product available commercially. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of this product.
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7 Reporting

71 Reporting requirements

The fol

lowing information shall be reported:

a) date and time of the measurement;

b) video signal generator specification supporting HDR content;

c) identification of the displays:

product name, type and lot number and model name;

d) opt
brig
rep

e) dar
f) sta

g) me
7.2

For the
as folld

a) pea

UldtU Uf IJIUUIUL;ﬁUII,
company name of production;

cal setting conditions of the display including mode, menu settings,. contra
htness settings, and any other relevant settings necessary for“*measu
eatability;

kroom conditions;
ic HDR metadata format and conditions;

hsurement results of optical characteristics described in 7.2 _a) to h).
Reporting of measurement results

measurement results, the measurement items stipulated in this document shall b
WS:

k luminance

st and
rement

b listed

measurement window condition and  geak luminance time in the case of thg¢ peak

luminance variation;
Ck luminance and contrast ratio;
inance loading
luminance loading graph;
time, fall time, duration_and period of the measured peak luminance
rise time, fall time anhd duration graph of the measured luminance;
pmaticity gamut-area
standard chromaticity reproduction (or coverage) ratio in xy.

The following results can be optionally reported according to Annex A, Annex B and Anfex C:

f) ton

g) gre

reproduction

HDR metrology reference luminance;
measured white and CAT matrices;
average colour difference for the grey scale tracking accuracy;

maximum, minimum and standard deviation of the colour difference (AEqg pso ;);

y and colour tone mapping

tone mapping evaluation results of grey and colour tone;
reference luminance, if necessary;

measured white and CAT matrices, if necessary;

the colour difference (AEgq psp), if necessary;
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colour reproduction

input conditions and reference luminance for colour reference pattern;
HDR metrology reference luminance;

Target reference luminance;

measured white and CAT matrices;

average colour difference for the colour reproduction accuracy;

maximum, minimum and standard deviation of the colour difference (AE(y pso ;)



https://iecnorm.com/api/?name=dcc49ce333666fc1e843f549755e29a3

IEC 62977-3-4:2023 © |IEC 2023 - 29 -

Annex A
(informative)

Example of tone reproduction measurement and evaluation

A.1 General

These measurement methods for tone reproduction include evaluation by the colour difference.
However, HDR display technology is still relatively new and the science and understanding
related to both HDR perceptlon and HDR dlsplay characterlzatlon contlnue to rapldly evolve.

[ [ [ f ) r hot yet
been gstablished, it is too early to provide such measurement methods as a standard. Igstead,
example methods are introduced in Annex A. In Annex A, the value AEy, pso @sodef|ned in

3.1.17 [is calculated using the same formula of CIE AE (refer to CIE 015 or ISO/CIE 11664-6).
Note that AEy, psp is different from AEy,. To compute the AE(y, p5o consistently across HDR

displays, a HDR metrology reference luminance is introduced. This HDR metrology reference
luminapce is a single fixed value to enable comparison of the AEyp.psg metric acrosp HDR

displays and can be set by related parties and reported. In Annex 4,580 cd/m2 is tenfatively
chosen as the HDR metrology reference luminance to show example calculations.

A.2 |Test pattern for tone reproduction with constant APL

The infent of Figure A.1 is to maintain the APL at 5.%%(= 5 x (1/10)2) for all the centre|colour
measufements to minimize any influence due to ARLloading. Each of the large coloured boxes
in the test pattern is centred on the nine standard active area locations on a black backdround,
with hgight and width corresponding to 1/10.0fthe dimensions of the active area. The|centre
rectangle is changed to the desired colour te\be measured. However, most of the colours$ in the
surroupding eight rectangular patterns ex¢ept the complementary blocks (oblique line blpcks in
Figure|A.1) remain constant at their maximum signal setting regardless of SMPTE ST 2086
metadata [3]. For displays with luminance that is APL-dependent, the complementary |blocks
are usgd to compensate for the APL change in the pattern (if needed) when the cenfre box
colour fis changed. If the input-RGB signal code values of the centre colour are (7, g, ¥), then
the colour of the small grey rectangles in the surrounding boxes is changed to (1 023 - r,
1023 + g, 1 023 - b) whenusing 10-bit encoding. For the example shown in Figure A.1, when
the centre colour is set\to a 10-bit signal value of (900, 900, 900), the surrounding grey
rectangles are set to its complementary value of (123, 123, 123). When a more saturated|colour
is meaured in the.Centre (such as cyan with (0, 800, 800)), then the surrounding recfangles
are sef to its signal-complementary colour (1 023, 223, 223). If the DUT is not sensitive tp a few
percentage change in the APL value, then the surrounding complementary blocks can remain
at black for-all"centre colours.

in the activation of a speC|aI tone mapping mode due to luminance Ioadlng that |mpacts the
measurement performed in tone and colour reproduction. Luminance loading occurs when a
display cannot emit enough light to form an image, for example due to power limitations, thermal
management or limits of the optical design. The luminance loading can, for example, be
detected by using the multi-colour pattern described in Figure A.1 with a centre patch white and
forcing the complementary colour to be black (Lgkc at 5 % APL) and white (Lyy,c at 6 % APL).

If the luminance variation between the two measurements is greater than 2%, the current
pattern most likely results in the luminance loading.

If the display exhibits luminance loading, an additional measurement using a lower APL is done
in Clause A.3 and Clause C.3. The used test pattern is described with the dimension, and
reported besides the results using the constant APL of 5 %.

NOTE 1 For a lower APL with a small area box, the measurement field is set to contain at least 500 pixels.
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NOTE 2 The small complementary blocks will maintain the pre-EOTF APL, but they will not be able to maintain a
constant luminance.

The grey level of the centre window is set with the inputs to be measured. If the luminance of
the centre box in Figure A.1 is influenced by stray light of the other boxes on the screen, a
frustum, stray light elimination tube or close-up type LMD with a lens hood is used.

bW

5 Complementary colour of centre box (8 blocks total)

EC

Figure A.1 — Multi-colour pattern for'grey scale measurement

A.3 |Example inputs for tone reproduction measurement

The gfey scale is measured, for example 16 equidistant inputs for the selected absolute
luminahce excluding the tone mapping’range. The equidistant (interval is 58) input codgs from
58 to 923 are applied. Table A.1 shows an example of the grey level inputs of 10-bit full range
for the|absolute luminance of PQ-HDR. Grey levels outside of the display capabilities [above
the pe@k luminance measured-in 6.1.4 and below the black level measured in 6.2.1) nged not
be measured, and can be teported as mapping (refer to Figure 9). Note that within the display
capabilities, tone mapping-might still occur due to luminance loading limitation of the DUT.

In the gxample of ®able A.1 with tone mapping, for example below 0,1 % and over 70 % of the
white Iuminanceiat-the maximum input code, the PQ input code values with check marks (V)
are selected to-be measured for grey scale tracking.

NOTE 1| <TFhis measurement is not restricted to 16 levels. For example, it would be available to measure ¢very 32
code values-to sample adeguately the tonal range This would enable a low nnr\ngh black level (n,n')1 cd m2) and

enough sample densrity in thje higﬁ luminance.

NOTE 2 The selection of which input code values are reported as mapping impacts significantly the reported
average colour difference for the grey scale tracking accuracy (AEy, pgq g,)- Including the tone value resulting in
tone mapping greatly increases the reported error due to a software implementation and not to optical characteristics
while selecting too narrow a range would not be representative of the DUT accuracy. In Table A.1, 0,1 % and 70 %
are chosen for illustrative purposes and there is currently no defined procedure to select those two thresholds.
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Table A.1 — Examples of measuring range for PQ grey scale measurement

Input PQ input PQ Selection of the measuring range
number codes luminance % of
(i) (10 bit) (cd/m2) 2 000 cd/m? 2 0000cd/m2 1 000 cd/m? 500 cd/m?
58 mapping (see . .
1 0,08 Note 2) below 0,1 mapping mapping
2 116 0,45 mapping below 0,1 mapping mapping
3 174 1,46 mapping below 0,1 \% \%
4 232 3,68 \Y 0,184 \Y \Y
5 290 S \% 0,400 \% \%
6 348 16,4 \Y 0,821 \Y v
7 406 31,4 \Y 1,57 \Y \Y
8 464 57,5 \Y 2,87 \Y \Y
9 522 102 \ 511 \Y) \Y
10 580 178 \Y 8,90 Y \Y
11 638 305 \Y 15,3 \ \Y
12 696 518 \% 25,9 \% mapgding
13 754 873 \% 43,7 mapping mapgding
14 812 1469 mapping ovef70 mapping mapging
15 870 2471 mapping over 70 mapping mapgding
16| 923 3988 mapping over 70 mapping mapging
measured max measured max measurgd max
Ma 1023 10 000 luminancé 100 luminance luminance
(2 000 cdfm?) (1 000 cd/m?) (500 c¢i/m?)
Whitqg at
targpt 709 580 meas_ured ) meas_ured See Nbte 4
referepce white white
lumingnce
NOTE [t The inputs with check matk (V) are selected for measuring to calculate the grey scale tracking acguracy.
NOTE P Mapping means that.thie code value belongs to the tone mapping range.
NOTE B When tone reproduction is evaluated, and the target reference luminance (L, ) of 580 cd/m? is tenfatively
choser] (see Clause €.1),’the input code for the target reference luminance is 709 in 10 bits with full rangg.
NOTE A DUT(with peak luminance below L  cannot be evaluated. In order to evaluate all DUTs in Tafle A.1,
choosq L ¢ betow 500 cd/m? which is the lowest maximum luminance among DUTs.

A.4 Measuring method of tone reproduction

The procedure for tone reproduction measurement is as follows:

a) Maintain the same mode and menu settings of HDR as for all other tests.

b) Input the pattern of Figure A.1 to the DUT, and set the input code of white at the target
reference luminance (see Table A.1) to the centre box of Figure A.1.

c) Measure the Xy ., Y\ w, Zu,w tristimulus values (using CIE 1931 CMFs) of the centre box
for the measured white (see 6.5.2 and 7.2), and normalize to 100"Xy w/Yy w.

100*YM’W/YM’W, 1OO*ZM’W/YM7W.


https://iecnorm.com/api/?name=dcc49ce333666fc1e843f549755e29a3

-32 - IEC 62977-3-4:2023 © |EC 2023

d) Use the Bradford coefficients [5], [6] Mggp to determine the CAT matrix, M7, needed to
transform the D65 white point (95,04, 100, 108,88) to the D50 white point (96,42, 100, 82,51),
using the procedure in IEC 62977-2-1:2021, Annex B.

e) Use the Bradford coefficients to determine the CAT matrix, My, needed to transform the
measured Xy w, Y w» Zu, w at the target reference luminance (normalized in Clause A.4.c))
to the D50 white point (96,42, 100, 82,51), using the procedure in IEC 62977-2-1:2021,
Annex B.

f) Input the pattern of Figure A.1 to the DUT with the centre box values, for example, at each
PQ input code for /=1 to 16 and maximum in Table A.1, and measure Xy, ;,, Y\ i» Zy ;
tristimulus values. -

g) Calcufate the tumimances refative to the measured maximurm [umimance at maximu input
code, and select the measuring range as shown in the second paragraph of ClauseA.3.

NOTE |n the following procedures, it is enough to calculate values within the measuring range.

h) Usg¢ the CAT matrix, My, to transform X, Y;, Z; values of each target PQ grgy (PQ
lunfinance in Table A.1) to X1 p50. Y7, ps50. ZT,p50 Values in D50 space,

i) Use the CAT matrix, My, to transform Xy, Yy, Zy values of each measured grey to Xy pso.
YmIpso- Zm,pso Values in D30 space.

J) Use the target Xt pso Y7 pso Z1psp and measured Xygs0. Ympso Zm,pso values to
caltulate L*, a* and b* (CIELAB, see CIE 015) coordinates based on the HDR me}rology
refegrence luminance at the D50 white point (for example, an HDR metrology reference
lunjinance level of 580 cd/m?2 is converted to the tristimulus values (X, Y, Z,) 559,24, 580,
478,56).

k) Calculate AEy, pso ; from each target grey to ‘each measured grey, and calculate the grey
scdle tracking accu_racy by using Formula (A:1).

I) Report the average colour difference AEgy psg g With the maximum, minimum and stgndard
deyiation value of the colour difference:.

A.5 |Grey scale tracking accuracy

From the measured range, the grey scale tracking accuracy is evaluated by AEyq p5o g @s in
Formula (A.1), where AEgpp50 ; is calculated according to the procedure in Clause A.4 fgr each

input similar to TabledA; 4’ (in the example of Table A.1, the number of check marks (n)|is 9 to
10).

2 2 2
1 & 17 & || AL AC'i AH'i AC'i || AH'i
AE —— Y AE = + + + Ry | —— (A1)
0580 Gr = > AEoopso_i " > S, Sc. S, Ti Se. |\ Sp

i=min i=min
A\l

where

AEgp pso_Gr is the grey scale tracking accuracy in the D50 space;

n is the number of check marks in Table A.1;

min, max is the minimum and the maximum input number (i) with check mark in
Table A.1, respectively;

AEgg pso_; is the colour difference of the ith input in D50 space.

All variables above comply with CIE 015:2004, Chapter 8.3 or IEC TS 62977-3-1:2019,
Clause 7 [21].
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Annex B
(informative)

Example of tone mapping evaluation

B.1 Inputs of tone mapping test patterns

To evaluate the tone mapping for PQ HDR, a visual test is performed to check the perceptual
difference between the neighbouring grey and colour bars. For the visual test, Table B.1 shows
the 10-bit full range code values of 17 inputs that consist of 16 inputs with the equidistant step

and th¢ 923 code Tfor 4 000 cd/m=<.

Table B.1 — Code values for tone mapping test patterns
Code values for black-to- Code values
colour pattern for colour-to-white pattern
Bar ndmber (10 bits) (10 bits)
(i R, (G,=B;=0), G, R-to-white G-to-white B-to-whife
(R;=B,;=0), (R, = 923) (G, ¥923) (B; = 928)

B, (R;=G;=0) G, B; R: B, R, G;
1 0 0 0 0
. 58 58 58 58
3 116 116 116 116
4 174 174 174 174
5 232 232 232 232
6 290 290 290 290
T 348 348 348 348
8 406 406 406 406
9 464 464 464 464
10 522 522 522 522
1 580 580 580 580
1P 638 638 638 638
18 696 696 696 696
14 754 754 754 754
19 812 812 812 812
16 870 870 870 870
17 923 923 923 923

NOTE | Narrow-range code values in a real video could be calculated as Round(Code_value x (876 / 1 023) + 64).

B.2 Evaluation method of tone mapping input value outside of the display

luminance range

To evaluate tone mapping, a method with a black-to-colour tone image and a colour-to-white

image is used as follows:

a) In a darkroom, the input code values in Table B.1 are used to set up the patterns as shown
in Figure B.1 through Figure B.4. To evaluate the colour saturation by colour tone mapping
and gamut mapping, the test pattern for grey tone and RGB colour tone with the input codes
for black-to-colour tone in Table B.1, and the test pattern for colour-to-white with the input

codes for colour-to-white in Table B.1 are used.
b) A visual test is performed at the minimum viewing distance

recommended

Recommendation ITU-R BT.2100 (refer to the optimal viewing distance in [22]).

in
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For each pattern, different luminance levels for each of the 17 steps would be visually
distinguishable without luminance saturation or reversal. This subjective assessment is
achieved by visual confirmation of the boundary between the bars in grey, R, G and B as
shown in Figure B.1 through Figure B.4. In case of the colour-to-white pattern, chromaticity
variation is also available to distinguish between the neighbouring colour bars in addition to
luminance variation.

The visual test will be done by judging whether the saturated area is perceptible or not in
the grey and colour scale areas. If the viewer can confirm the existence of all boundaries
between each neighbouring bars as shown in Figure B.2 and Figure B.4, then the pattern
will be considered as not saturated.

Saturated
area

IEC

Figure B.1 — Black-to-colour image for PQ HDR with saturation

IEC

Figure B.2 — Black-to-colour image for PQ HDR with no saturation
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(b/
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Figure B.3 — Colour-to-white image for PQ HDRQ\/Qph saturation
N\

¢

o

IEC

%O

\Q/Cliigure B.4 - Colour-to-white image for PQ HDR with no saturation

B.3 Supplemental measurement

If the visual assessment in Clause B.2 does not result in a clear determination of the existence
of luminance saturation, then the adjacent areas are measured. If the adjacent areas are
measured at AEyg pso < 1, then they are considered indistinguishable. For the computation of
the AEyg psg, the same procedure as in Clause A.4 should be followed. The measured white

(input number 17 in Table B.1) in the centre box of the test pattern becomes the reference
luminance and the source of the CAT matrix transforming the measured white to D50 white.

NOTE AE, ps, in this evaluation is optionally performed in order to provide an informative colour difference value
for the visual assessment between the neighbouring bars. This AEy, 5, is calculated after the CAT transforms the
measured white to D50 white. The CAT is commonly used for the X, Y, Z values of the neighbouring colours.
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Annex C
(informative)

Example of colour reproduction measurement and evaluation

General

These measurement methods for colour reproduction include evaluation by the colour
difference. See Clause A.1 for understanding the background of colour difference evaluation
and the HDR metrology reference luminance. Traditional evaluation of colour reproduction

measu

referer
metric,
white |
Annex

The tafrget reference luminance should be set such that it tests typically used colo

lumina
referer
the HD

C.2

The co
which

replacgd with the reference colours in order.

€s colours aerined Dy a lgntness ratio 1o a target reference iuminance (L gf). NIS

ce luminance has a different purpose than the reference white of the colour djff|
However, in SDR, the two reference values are usually the same and correspong
iminance of the display. Thus the same term is used for those two different asps
C, atarget reference luminance is used to characterize the colour values’to be me

hce tone of HDR content. In Annex C, 580 cd/m? is tentatively,chosen as the

ce luminance to show example calculations but it could have‘been set different
R metrology reference luminance.

Test pattern for colour reproduction with constant APL

lour reference pattern for the colour reproductionnmeasurement is shown in Figu
provides a constant APL in Clause A.2, where the centre colour to be meas

target
erence
to the
bcts. In
asured.
ur and
target
y from

re C.1,
ired is

(IS SIS I 7777

% Complementary colour of centre box (8 blocks total)

Figure C.1 — Multi-colour pattern with centre reference colour
for colour reproduction measurement

IEC

In the multi-colour pattern, a close-up-type LMD with a lens hood or a non-contact LMD with a
frustum or a stray light elimination tube can be used to minimize the effect of stray light from

backgr

ound colour patches.
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