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Tone characteristics

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 Specificationsy Technical

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
Stanfardization (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
consfensus 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
ation for
htions.

national
from all

National

Compmittees 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

110/1371/FDIS 110/1397/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/standardsdev/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.
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INTRODUCTION

Images as formed by electronic displays have lateral variations of for example hue, saturation
and intensity of visual stimuli. For displays of gradual smooth transitions no unwanted contours
and no quantization artefacts should be visible. Therefore, the displays should render the
required gradation of an image through tone reproduction. Tone is the variation in luminance,
ideally with constant hue and saturation, at (r, g, b) input (n, 0, 0), (0, n, 0), (0, O, n), and (n, n,
n), respectively, where n:{0, 1,...N}, and N + 1 is the number of quantization levels. Similarly,
colour saturation tone is defined as the luminance variation, ideally with constant hue, but with
varying saturation of the input (= 1 — min (r, g, ) / max (r, g, b)), for input (N, n, n), (n, N, n),
and (n, n, N). Tone can also be defined for complementary colour (r, g, b) input (0, n, n), (n, 0,
n), (n, 0)and (w N N) (N n N) and (N, N _un) respectively This is conceptually shown in
Figure|1 which is the hue saturation lightness/intensity (HSL or HSI) model with RGB ihguts for
single polour tone, grey tone and colour saturation tone signal, where the lightness is defined
as 0,5(x ((max (r, g, b) + min (r, g, b)). Note that this colour space is different from-the |device
RGB ¢olour space. Grey and RGB tone reproduction, and their additive relation, are
fundanpental optical properties of displays since they affect the fidelity withywhich cdlour is
rendergd from the input code values.

Intensity

T

White @&, N, )

Colour saturation
. —
tone signal

‘ — ¥ Saturation
-~ R®,0,0)

Single colour
tone signal ;=
(includes grey)

Black
IEC

Figure 1 — Hue saturation lightness (HSL) colour model

In confemporary displays, nonlinear transformations into perceptually equidistant spades are
requiradtoreduce visual artefacts while maintaining data economy . Alsg the transformations
linearize the opto-electrical transfer function, the nonlinearity of which is beneficial for reduction
of artefacts such as quantization noise, banding, contouring, as well as for quantization
efficiency.

The variation of electro-optical transfer functions (EOTFs) with viewing direction introduces
further complications. The resulting impact omnidirectional image quality is more multifaceted
compared to the viewing direction dependence of contrast, peak luminance, and colour of a
limited number of patches.

This document describes methods for the measurement of EOTF and evaluation, and points
out necessary precautions and diagnostics. The document is a reference for forthcoming
standards to make the work of the involved experts more efficient and to avoid duplication of
efforts.
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2 Ndrmative references
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IEC 62977-2-1:2021, Electronic displays — Part 2-1.-Measurements of optical character
Fundafental measurements

IEC TS
Colour

IEC 62

image lquality

IEC 61
Part 2

3 Te

3.1

For the

dated references, the latest edition of the referenced document (includin
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difference based viewing direction dependence

341-6-3, Organic light emitting(diode (OLED) displays — Part 6-3: Measuring metH

966-2-1, Multimedia systems and equipment — Colour measurement and manage
1: Colour management — Default RGB colour space — sRGB

rms, definitions and abbreviated terms

FTerms-and definitions

purposes of this document, the following terms and definitions apply.
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62977-3-1:2019, Electronic displays <>Part 3-1: Evaluation of optical performapnces —
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ISO and IEC maintain terminological databases for use in standardization at the following
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Ses:

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

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

electro-optical transfer function

EOTF

nonlinear decoding

variation of the optical output of electronic visual displays in terms of for example luminance
and chromaticity, as a function of the input signals

Note 1 to entry: The input signals could be R, G, B, C, M, Y, and grey for (r, g, b) input (n, 0, 0), (0, n, 0), (0, O, n),
(0, n, n), (n, 0, n), (n, n, 0), and (n, n, n), respectively, where n:{0,1,...N}, and N + 1 is the number of quantization
levels per primary colour.

Note 2 to entry: The EOTFs for the C, M and Y inputs are optional.

Note 3 tp entry: Generally, nonlinear decoding is the reciprocal of nonlinear encoding, but custom decodinf is also
availabl¢ in many display products (“gamma” pre-sets).

3.1.2
nonlingar encoding [4], [7]"
signal fransform mostly expressed by a combination of a linear function for low/input values and
a power function with a single exponent above a certain level of inpyt values as an opto-
electrigal transfer function (OETF) [4]

Note 1 tp entry: It is used in image acquisition devices such as digital cameras for mapping scene lumipance to
digital cpde values prior to encoding, transmission, and/or compression.

Note 2 tp entry: In conventional non-constant luminance systems, the naonlinéar decoding is done in the RGB|domain,
wheread it is done in the YC_ C, domain for constant luminance systems¢

Note 3 tp entry: The reason for the linear transformation for lew ‘input values is that the steepness of thie power
functionl|is too close to zero (infinite), leading to artefacts (e.g. €xcessive noise).

3.1.3
display gamma
expongnt of the power function specifying.the target EOTF of a display

Note 1 tp entry: Deviations from the ideal power function are possible and should be specified.

Note 2 tp entry: Generally, the display @amma value is calculated from an EOTF with the luminance of the black
level suptracted (de-biasing). Gamma js*only defined if the de-biased EOTF obeys a power law, the exppnent of
which is|the gamma. The gamma value’of an ideal display is the same for R, G, B, C, M, Y and grey tone.

3.14
coloun saturation tone function
variatign of the optical " output of electronic visual displays in terms of for example lumjinance
and chromaticitysas a function of input signals with at least one RGB input kept at its mgximum
value gnd the remaining R, G or B inputs being varied and of equal value

Note 1 tp entry:’An ideal display renders constant colorimetric hue for the inputs.

Note 2 to enfry: When the Tuminance at maximum saturaiion is subfracted from the colour saturafion tone function
(bias correction), and the resulting function obeys a power law, its exponent is called colour saturation gamma.

Note 3 to entry: The input signals could be R, G, B, C, M, and Y for (r, g, b) input (N, n, n), (n, N, n), (n, n, N), (n, N, N),
(N, n, N), and (N, N, n), respectively, where n:{0,1,...N}, and N + 1 is the number of quantization levels per primary
colour.

T Numbers in square brackets refer to the Bibliography.
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3.1.5
display bit depth
number of quantization levels, assuming binary-encoded levels

Note 1 to entry: It is the number of display bits or log,[number of addressable shades] in the tone rendering.

Note 2 to entry: The actual number of renderable shades is often reduced when white balancing is done by gain
control [4], [7].

Note 3 to entry: Display colour depth is the sum of the bit depths of the rendered primary colours (RGB). Primary
colours can have different bit depths, for example 5-, 6- and 5-bit RGB depth for 16-bit colour depth.

3.1.6
tone additivity function
sum of|the R, G, and B tones divided by the grey tone

Note 1 tp entry: An ideal display has unity additivity for all inputs.

3.1.7
unbounded input signal
input signal for which there is neither any host-side colour management nor any handshaking
taking place between the host and the DUT

3.2 Abbreviated terms

ABC automatic brightness control

ALL average light level

ALS ambient light sensor

APL average picture level

CIELAB CIE 1976 L*a*b* colour space

CMY cyan, magenta, and yellow

DUT device under test

EOTF electro-optical transfer_function

GOGO gain-offset-gamma-offset

HSI hue saturation ‘intensity (device dependent colour space, also called HS[L (hue
saturation lightness))

JND just noticeable difference

LMD light.measuring device

OETF opto-electrical transfer function

OOTF opto-optical transfer function

RGB red, green, and blue

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

SLET stray light elimination tube

sRGB a standard RGB colour space as defined in IEC 61966-2-1 (sSRGB has the same

colour gamut as the gamut of Recommendation ITU-R BT.709 [11])
4 Standard measuring equipment

4.1 Video signal generator

A digital video signal generator or a computer with digital RGB outputs, each with at least 8-bit
depth, shall be used. The signal bit depth supported by the DUT shall be reported according to
Clause 7.
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4.2 Measuring equipment and conditions
Refer to IEC 62977-2-1:2021, 5.3.4.
4.3 Test equipment setup

The setup of a non-close-up light measuring device (LMD) is shown in Figure 2 in the case of
a perpendicular direction measurement. The optical axis of the LMD shall be centred on the
screen and perpendicular to the plane of the display screen. The general conditions of the
measuring equipment, such as angular aperture, shall follow IEC 62977-2-1. A close-up type
LMD as shown in Figure 3 can be used only for measurements perpendicular to the DUT. A
close-up LMD shall have input optics with a well-defined measurement field angle similar to that
of non- -close-
up spe troradlometer

The measuring layout for viewing directional measurement shall be applied by moving the LMD
or by rptation of the display in the horizontal viewing direction as shown in Eigure 4a) and b),
where @ vertical arrangement for a vertical viewing direction is also possible: AIternativT%Iy, the
spheri¢al coordinate system as shown in Figure 4c) shall bé ‘applied (refer to
IEC TY 62977-3-1:2019, 6.1, and IEC 62977-2-1:2021, 5.6 and6.10). The directional
measufement shall be done with a non-close-up measurement.

m
Measuring distanee

Display scréen

Y}
2
= LMD
Tt TT T T T T T 1 8 ]
| _ : s lg e f------- -
| Video ' o
! signal : 3
I generator I
| | v
1 1
Control PC
(if used) / \

IEQ

Figure 2 — Measuring layout for non-close-up measurement

Display screen

_________________ L, .«| (Measurement probe)
LMD

LA
s Control body

¥ ALS

F

________________ Light to disable ABC

Video signal
generator

Control PC
(if used)

IEC

Figure 3 — Measuring layout for close-up type LMD
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a) Measurement by moving the LMD (top view)

Screen

Screen

=
O

Measuring distance

IEC

c) Measurement in spherical coordinate system

Figure 4 — Setup for viewing directional measurements

andard measuring conditions

Standard‘measuring environmental conditions

IEC

b) Measurement by rotating the DUT (top Yiew)

Refer fo IECT62977-2-1:2021, 5.1, where the standard environmental conditions are defined as

5 St
5.1
followd:

temperature:

relative humidity:

25°C+3°C,
25 % to 85 %,

atmospheric pressure: 86 kPa to 106 kPa.

When different environmental conditions are used, they shall be noted in the report.

5.2

Standard measuring darkroom conditions

Refer to IEC 62977-2-1:2021, 5.2.
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5.3 Adjustment of display

The display shall be warmed up prior to taking measurements. Measurements shall be started
after the displays and measuring instruments achieve stability. The DUT shall be turned on first
and operated for at least 30 min prior to the measurement. Some display technologies may
need a loop of colour patterns rendered on the screen during the warm-up period. Sufficient
warm-up time has been achieved when the luminance of the test feature to be measured varies
by less than +3 % over the entire measurement period for a given display image.

The standard operating conditions of the display shall be set by the following sequence.

a) Initialized status

Thé DUT shall be set to the factory settings. Other modes (including white coordinatgs such
as P65) may be selected after power-on and the selected mode shall then be noteq in the
tesf report and used throughout all measurements.

b) Adj;lustment of ambient light control (if applicable)
n

Tuin off the ABC by disabling the ALS. If it cannot be disabled, place a‘shielded light source
in ffont of the ALS that provides an illuminance of at least 300 Ix atcthe surface of the ALS.
Make sure that the darkroom conditions are maintained while thé |shielded light soprce is
on.| The details of the ABC-disabling light source shall be noted in‘the report.

c) Adj;lustment of protective and energy saving settings
n

Tuin off all customer functions for power management and DUT protection and keep them
off |throughout the measurement. If such functions<are turned on automaticallyy when
corftinuously displaying test images, reset or change/the test pattern until such fupctions
are|turned off again. Some displays adapt to content to save power and/or render thelimage
in dpecial ways but these functions shall remain‘at their default settings.

d) Adjl.lstment of aspect ratio

The test pattern shall be displayed in the\aspect ratio identical to that of the display screen
without over scan.

5.4 Btarting conditions of measurement

The djsplay system shall bei‘warmed up prior to taking measurements according to
IEC 62977-2-1:2021, 5.3.3.

5.5 Standard test pattern
5.5.1 General

Figure|5 schematically shows the tonal range of the measurements in the device-depgndent
colour space-RGB. In terms of the input signal, the tone measurements can be divided into:

1) single_colour (or two colours with identical value) input tone,

2) constant single colour (or two colours) at maximum input adding the tones of the two other
colours with identical value (or the other colour tone), respectively, and

3) grey tone where RGB values are identical.
Numbers 1) and 3) are called RGBCMY and grey tonal curves, respectively, whereas number

2) is called colour saturation tonal curves, whose range is from fully saturated RGBCMY colour
to white.

If there is no specific comment, all measured and calculated data are recommended to have at
least 4-digit significant figures.
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6 colour saturation tones

7 tones of
grey and colour

IEC

Figure 5 — RGB input ranges for 7 tones ahd 6 colour saturations

5.5.2 Test pattern for grey and colour tone measurement

Tone i$ directly related to the DUT luminance, afid the power consumption generally incfeases
with luminance. Some displays have a limited<power supply and/or dimming/boosting functions
[19], which means that luminance can dépend on the APL [20]. In that case, the|power
consurpption might be proportional to the ALL of average luminance on the screen.

In the grey and colour tone measurements, the input APL is kept constant at 24,7 % using a
test p1ttern with complementary.colour blocks (see Figure 6 to Figure 8). The RGB vajues of

these blocks, Vg, are complementary to the RGB values of the centre test patch,

rio=(2"-1-7p) (1)

where
0 i& {® G, B}

N is the bit depth;

Vq s the signal value of colour Q of the centre test patch.

For the calculation of APL, the colour box pattern is converted as shown in Figure 8. The APL
of Figure 8 corresponds to 5 white boxes that are white, R + C, G + M, B + Y, and centre +
complementary colour block. The APL of the test pattern is therefore 24,7 % (= 5 x (2 / 9)2).

While the pattern in Figure 6 and Figure 7 provides constant APL, it is also a potential source
of stray light, particularly for larger APLs and when using a non-close-up LMDs. If stray light is
a problem, a frustum or SLET shall be used.

The test pattern shall consist of 11 or 17 steps (n = 11 or 17) of equally spaced inputs (see
IEC 62977-2-1:2021, Annex A). Some displays under some viewing conditions exhibit saturated
and/or non-monotonic EOTFs. In such cases, more steps can be necessary to properly sample
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the EOTFs. Table 1 shows an example of input code values (V) of RGB for grey tone
measurement.

Table 2 shows the input code values (V;) of RGB for colour tone measurement for 8- and 10-bit
cases and 11 and 17 levels. Some measurements can require a larger number of inputs.

VA Complementary colour block of centre box

IEC
Figure 6 — Multi-colour pattern for grey tone measurement

Table 1 — RGB input level for 11 steps and 17 steps

Input 11-step inputs (V) 17-step inputs (V)
no. (i) 10 bits 8 bits 10 bits 8 bits
1 0 0 0 0
2 102 25 63 15
3 205 51 127 31
4 307 76 191 47
5 409 102 255 63
6 511 127 319 79
7 613 153 383 95
8 716 178 447 111
9 818 204 511 127
10 920 229 575 143
11 1023 255 639 159
12 703 175
13 767 191
14 831 207
15 895 223
16 959 239
17 1023 255
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Table 2 — RGB input composition for grey tone and colour tone

Input code
Tone colour

R’ G’ B’
Grey v, V. V.
Red vV, 0 0
Green 0 Vi 0
Blue 0 0 Vi
Syen Fa I I
Magenta Vv, 0 v,
Yellow Vv, v, 0

% Complementary colour block-of centre box

IEC

Figure 7 — Multi-colour pattern-for colour tone measurement (example for red tgne)

Complementary colour block of centre box

IEC

Figure 8 — Equivalent pattern for APL calculation of multi-colour pattern
(example for grey tone)
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5.5.3 Test pattern for colour saturation tone measurement

The constant APL pattern shall be used also for the colour saturation tone measurement. The
centre box of the pattern shall be changed in 11, 17, or more steps depending on the required
accuracy and considering the colour saturation tone function shape. The standard test pattern
for the measurement shall be as shown in Figure 9. When measurement by a non-close-up LMD
is affected by stray light from the background tiles, a frustum or SLET shall be used.

Table 1 and Table 3 show the input code values (¥;) and input colour composition for the colour
saturation tone measurement.

Tablo3— RGBA tion £ | .

Input code
Saturation colour

R' G' B'
Red 255 Vi Vi
Green Vv, 255 Vv,
Blue vV, v, 255
Cyan v, 255 255
Magenta 255 v, 255
Yellow 255 255 V;

z Complementary colour block of centre box

IEC

Figure 9 — Multi-colour pattern for colour saturation tone measurement
| .

{exampleforred-saturation)—m——

6 Measurements and evaluation of tone characteristics

6.1 EOTF and display gamma for grey and colour tone
6.1.1 Measured data

If 11 steps are sufficient and colour gamut volume already is measured according to
IEC 62977-2-1, no further measurement of RGBCMY is necessary. However, an additional
11-point measurement of the grey tone shall be performed using the input levels in Table 4. If
the EOTF obeys a power law, the display gamma can be calculated according to the methods
in 6.1.3 to 6.1.5. If the EOTF does not obey a power law, steps e) and f) in 6.1.2 do not apply,
and it is then recommended that the number of steps be increased from 11 or 17.
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Table 4 — Selected measured data for display gamma from the 602-point measurement

| ¢ Input level Colour number in 602 inputs (see IEC 62977-2-1)
npu
, Code value
no. (l) % (V) R G B C M Y
1
1 0 0 1 1 1 1 1 1
2 10 25 122 12 2 13 123 232
3 20 51 133 23 3 25 135 243
4 30 76 144 34 4 37 147 254
5 40 102 155 45 5 49 159 265
6 50 127 166 56 6 61 171 D76
7 60 153 177 67 7 73 183 P87
8 70 178 188 78 8 85 195 P98
9 80 204 199 89 9 97 207 309
10 90 229 210 100 10 109 219 320
11 100 255 221 111 11 124 231 331
6.1.2 Measuring method
In many cases, the display luminance follows a power function of the input signal, where the
expongnt is called gamma. The tone reproduction «0f such a display would be explaingd and
evaluafed as follows:
L)) =a(V; =V ) + Lk (2)
where
a i a constant,
Vk  i$ the input level fofiblack (normally, 7 = 0), and
L  is the black luminance.
For the EOTF megasurement, the contrast and brightness controls, if any, shall be set {o their
defaulf values.orf disabled. The measurement shall be performed as follows:
a) Inpuithg pattern of Figure 6 and Figure 7 with the required number of patches. If thel boxes
cause imngn efir\l{ing, a full black frame can he inserted hetween each inpllf levels. The

b)

d)

e)

g)

duration of the full black frame may have to be adjusted in order to eliminate image sticking.

Measure the luminance (or tristimulus values for colour tracking) at the screen centre
perpendicularly to the display screen.

Measure in order from low to high luminance of the centre box.

Repeat the luminance measurements of colour patterns from black to maximum input of
each RGB colour signal and optionally for CMY.

If R? of the linear regression formula is over 90 % in the log-log plot (see 6.1.4), the tone
function can be considered to be a power function. In that case, calculate the gamma value
by linear regression.

Report the average gamma for each pattern. If necessary, report the other gamma value
such as log-log gamma.

Report the measured EOTFs by plotting the result and tabulating the values.
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6.1.3 Average gamma calculation

Gamma value is a useful, single-value parameter that can be used to estimate the non-linearity
of an EOTF that obeys a power law. It can also be used to calculate the gamma accuracy with
respect to a target gamma.

When calculating the gamma from a power law EOTF, the offset by the black-state luminance
shall first be subtracted (de-biasing). The display gamma value (power law exponent) can be
calculated by taking the logarithm of the de-biased luminance function. The average gamma is
then calculated by averaging the gamma values of each input (refer to IEC 61988-2-6 [20] and
IEC 62341-6-4 [10]) [2], [4], [5]. Among the gamma calculation methods, this method gives the
best linearity, that is, there is a strong correlation between a smaller gamma and average image
luminapce.

1 n—1 1 n—1 Iog(L(Vl-‘Q)—LK )norm
TAQ =T A = T (3)
T4i=2 n—si2 oQ(I/i'Q_VK)norm
where
’AQ is the average gamma,
(0] is W,R,G,B, C, MorY,
n is the number of inputs (from 18t ta.ath), and L(Vy o) = Lk,

(L(V; @) = Lk)norm is the normalized value of the luminance measured for input i, (L(V; ) — Lk)
I (L(V, q) — Lk), and

(Vi,Q =" norm is the normalized value of the code value for input i.

Due to|the smaller luminance range (smaller slope of the EOTF), the gamma values calg¢ulated
from the lower input values have a smaller deviation from the mean gamma value compared to
gamma values calculated from .the higher input values. Even when the EOTF is not gxactly
followinhg a power law, it shall"at'least be monotonic in order to use this calculation method.
Data ppints which make the EOTF non-monotonic have to be discarded and the accuracy of the
calculgted average gammaris then reduced. When evaluating the luminance saturatign with
signal processing betweéeh two neighbouring levels, the interlevel gamma can be available (see
Annex|A).

Provided that the\EOTF is a power function (see 6.1.4), the standard deviation of the gamma
values|for each”input can be used to check how well the DUT gamma matches the|power
function. The 'standard deviation of the averaged gammas is calculated according to Fprmula

(4).

(4)

where
Q isW,R,G,B,C,MorY.

Gamma accuracy can be calculated by comparing the measured gamma with the target gamma:
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where

V

0, is the gamma accuracy,
0 is W,R, G, B, C, Mor Y, and
’s is the target gamma value (for example, 2,2 for sRGB or 2,4 for Recommendation ITU-R

—19 -

o, =25 7AQ L 400(%)
’s

(®)

B

Recom
EOTF

Table  shows an example of an average gamma calculation. In Figure 10, itis shown
average gamma value larger than 2,2 results in lower luminance. From-Table 5 and Fig

T 1886 {131

mendation ITU-R BT.1886 assumes that the black luminance is 0 whereas_the’st

ncludes the non-zero black level of the display system [13].

andard

hat an
ure 10

it can be seen that the power law EOTF with an average gamma valde of 2,755 best mlatches

the EQ
to 12).

TF with a gamma of 2,8 at input levels where the two gammas are close (input

Table 5 — Example of average gamma_calculation

nos 10

Input

no. (1) Input level (V) L (ed/m?) Gamma value
1 0 0,29 -
2 15 0,85 2,247
3 31 2,81 2,309
4 47 6,67 2,326
5 63 12,70 2,338
6 79 20,00 2,394
7 95 28,97 2,462
8 111 39,49 2,547
9 127 51,89 2,644
10 143 68,31 2,709
11 159 86,55 2,815
12 175 108,80 2,922
13 191 135,23 3,052
14 207 166,27 3,237
15 223 205,77 3,442
16 239 253,73 3,885
17 255 326,29 -

Average gamma 2,755
Gamma standard deviation 0,477 3
Gamma accuracy (versus gamma 2,2) 74,76 %
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£
=
° 1
N —&— Measured data
£ 09 —m-22
2 2,8
0,8
0,7
0,6

05 #

Fi

6.1.4

As exp

0 50 100 150 200 250
Grey input level (8 bits)
IEC

Log-log gamma calculation

ained in 6.1.3, provided that the EQTF is a power function, the log function can vyi

gamm
each
log-log
slope
regres

Table
Figure

value. The gamma value can betalso estimated by the slope of a linear regres
easured point (refer to IEC 62341-6-3) [1], [9]. For the linear regression, the fo
formula from Formula (2) isrewritten as a linear formula, y = mx + b. In this formy
p corresponds to the valué of the log-log gamma (y) [16]. When performing the
Sion, black input data far the y-axis intersection is excluded as follows:

log[ L (¥;)-Lx | = ylog(V; — ¥k ) +log(a)

b shews an example of log-log gamma calculation with the same data as in T
11 shows the result of a linear regression of the data in Table 6. The y value in Fig

gure 10 — Example of a measured EOTF compared with ideal power law curves

eld the
sion of
lowing
la, the
linear

(6)

hble 5.
ure 11

is sligh

tivdifferent from the logarithm of the luminance in Table 6 because the regres

ion in

Figure 11 is an approximated line to estimate the luminance. If R2 of the log-log linear
regression is larger than 0,90, the EOTF can be considered to be a power function. If R2 < 0,90,
gamma shall not be used and the EOTF shall instead be tabulated.
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Table 6 — Example of log-log gamma calculation

Input no. (i) Input level (V) L (cd/m?) v value
(v =mx +b)
1 0 0,29 -2,792
2 15 0,85 -0,252
3 31 2,81 0,400
4 47 6,67 0,805
5 63 12,70 1,094
8 79 20 00 1295
7 95 28,97 1,458
8 111 39,49 1,593
9 127 51,89 1,713
10 143 68,31 1,833
11 159 86,55 1,936
12 175 108,80 2,035
13 191 135,23 2,130
14 207 166,27 2,220
15 223 205,77 2,313
16 239 253,73 2,404
17 255 326,29 2,513
b =log(a) -2,792 leg-log gamma 2,204
Fitted line plot
y=2,204 x - 2,883
. ) . | 'S 0,036 626 0
: R-Sq 99,8 %
R-Sq(adj) 99,8 %
2
1,5
a
LY
05
0

Figure 11 — Example of linear regression formula and plot for log-log gam

While the input signals are equally spaced in the range 0 to 255 (case of a bit depth
x values in a log-log graph are not. The x values of the log-log gamma graph have an 80 %
wider range in the lower half compared to the upper half, so the log-log gamma value is
dominated by the slope of the lower input range. On the other hand, the model fitting gamma

IEC

ma

of 8), the



https://iecnorm.com/api/?name=a18613b77c800da7fc5449d7206a7307

- 22 - IEC 62977-3-7:2022 © |EC 2022

(refer to IDMS Chapter 6 [1]) by the GOGO model is dominated by the higher input range
because the higher input generally causes the bigger difference in luminance. Therefore, the
model fitting gamma is seldom used in consumer products with large gammas, such as TVs.
Another method to calculate gamma is to perform a least-square curve fitting to a power function
using non-linear regression or the Levenberg—Marquardt algorithm.

6.1.5 Grey scale tracking accuracy

For the evaluation of constant chromaticity of grey or RGBCMY tones, the measured data in
6.1.3 or the 602-point data can be used. In the case of 6.1.3, the chromaticity coordinates and
luminance of each patch shall be measured or calculated from measured tristimulus values XYZ.
From the measured data for each level input, the colour tracking accuracy shall be evaluated
by the CIE colour difference formula AE;5 shown in Formula (7). It expresses the average|colour

differepce between the colour at full input and the tone levels. For the detail of formulp AEy,
[3], refer to IEC 62977-3-1.

n—1

1
AEyg =—— > AE, :
00 ”‘21-:% 00_i

1y
1’1—21.:2 SL[

2 2 2 (7)
4C AH',; A0\ aH;
+ + +R{| vV
J (SC[ ] [SH[ J l[SCi }[ S J

where
AEqg ;| is the grey scale tracking accuracy, and
n is the number of steps used in the EOTF, measurement.

Report the average (grey scale tracking aceuracy), minimum, and maximum colour difference
A4Eqq

6.1.6 Directional EOTF

Genertly, the optical characteristics of displays depend on the viewing direction. Dug| to the
vantage point of the human éye when watching two-dimensional displays, the viewing difection
is one of the inevitable display properties as well as the viewing direction caused by the vlewer’s
positioh. As the display.résolution becomes higher, and the viewing distance becomes|closer
[8], thg viewing directional characteristics become more important for constant image [quality
up to the screen eorner that is evaluated by the vantage point measurement. The image |quality
largely] depends~on the EOTF, which in turn depends on the viewing direction (see
IEC 628341-6-3,1TEC TS 62977-3-1 and [1]).

The mé¢asurement of colour shift and gamma dependence on the viewing direction for g set of
patches is described in IEC TS 62977-3-1. However, these patches are not sampled uniformly
on the EOTFs, and gamma is calculated with the log-log method in which the lower input levels
dominate. The measurement and evaluation of EOTF constancy by the viewing direction is done
in the same way as in 6.1 but reported for several horizontal and vertical viewing directions.
Provided that the EOTFs are power functions, Formula (3) shall be used for calculating the
gamma value at each direction. If the EOTFs are not power functions, the EOTF shall be
tabulated and plotted for each viewing direction.

The directional EOTF/gamma shall be measured for the grey for every 15° inclination (8) angle
up to +60° depending on the application. For example, TV and monitor applications may not
require angles larger than 0 = £30° in the vertical direction (¢ = 90° or 270°). The measurement
setup in Figure 4 shall be used (refer to IEC 62977-2-1:2021, 6.10 and 7.10 and
IEC TS 62977-3-1:2019, 6.1). For the diagonal direction measurement, the azimuthal angle ¢
is 45° or 225°.
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Provided that the EOTFs are power functions, directional gamma constancy shall be evaluated
by Formula (8) (refer to IEC 62341-6-3 and [1]).

B ‘VA,O - VA,H‘
O =

x100(%)
A0 (8)
where
oy is the directional gamma distortion,
YA 0 is the average gamma at the normal direction, and
YA 0 is the average gamma at the inclination angle 9 in the horizontal (4 = 0°) 180°) or
vertical (¢ = 90°, 270°) direction.
6.2 Colour saturation tone accuracy
6.2.1 Measured data
This measurement is identical to that of the EOTF (see 6.1) except that'other patches ar¢ used.
If 11 kteps are sufficient and colour gamut volume is already measured according to
IEC 62977-2-1, no further measurement for the colour saturation tone is necessary. Table 7
shows [the patches for an 11-point measurement.
Table 7 — Selected measured data forycolour saturation tone
function from the 602-point measurement
Input Input level Colour number in 602 inputs (see IEC 62977-2-1)
no. Code
) % | value R G B c M Y
() (V)
1 0 0 224 111 11 121 231 331
2 10 25 332 432 522 441 341 422
3 20 51 343 443 532 451 351 423
4 30 76 354 454 542 461 361 424
5 40 102 365 465 552 471 371 425
6 50 127 376 476 562 481 381 426
7 60 153 387 487 572 491 391 427
8 70 178 398 498 582 501 401 428
9 80 204 409 509 592 511 411 429
TO 90 279 2720 520 502 527 277 230
11 100 255 431 431 431 431 431 431
6.2.2 Measuring method

If the colour saturation tone function obeys a power law, the colour saturation gamma can be
calculated according to Formula (9) and the methods in 6.1.3 to 6.1.5. If the colour saturation
tone function does not obey a power law, measure also the tone additivity function in 6.3.

L) =aV] +1q

9)
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where

a is a constant,

(0] isR, G,B,C, MorY, and

Ly is the luminance of colour Q at saturation 100 % (V; = 0).

If the measured data in IEC 62977-2-1 is not available, or if more than 11 steps are necessary,
use the input values in Note 3 of 3.1.4. The measurement shall be performed as follows:

a) Input the pattern of Figure 9 for the required number of equidistant steps (for centre patch
values, see 3.1.4).

b) Mepsure the luminance at the screen centre perpendicularly to the display surface.
c) Mepsure the C saturation tone in order from fully saturated cyan (G = B = 255) t0 whiite.

d) Repeat the luminance measurements for M saturation (R = G = 255),; ¥ satpration
(G £ B = 255), and optionally for R, G, and B saturation.

e) Calculate the difference of luminance between R tone (G = B = 0) and C saturatign tone
(G E B = 255) excluding the offset luminance of full saturation.

f) Repeat the calculations for M, Y saturation tone, and optionally fonR, G, and B saturption.

g) Report the evaluation result of the colour saturation tone accuracy with the tabulated and
plofted values.

6.2.3 Evaluation of colour saturation tone accuracy

Colour|saturation tone accuracy can be used to check the RGB independency for mixed cplours.
For th¢ evaluation of colour saturation tone accuragy, compare the luminance values|of the
CMY cplour saturation tone function (see 3.1.4) with the luminance of RGB tones, respegtively.
For this comparison, the luminance at fully satirated colour input shall be subtracted similarly
to the $ubtraction of black luminance in the EOTF gamma calculation (see 6.1.3). In thi$ case,
theoretically, the colour tone and colourgsaturation tone shall show identical tone variation
becauge both the luminance by input number 1 in Table 4 and Table 7 are excluded. The|colour
saturafion tone accuracy is calculated.as follows.

1 1 (L(Vi@)— L) - (L(Viac )~ Lac)

o :—Zo‘, :—Z 1—‘ 1)~k 1QC ac ‘ x100 (%) (10)
Aty 15 w15 L(V,q) - Ik

where

gc.ac is the colour saturation tone accuracy of colour QC;

(0] isR,G,B,C,MorY,

ocC is the complementary colour of Q, that is, C, M, Y, R, G or B, respectively;

n is the number of inputs (from 18t to nth), and L(¥, oc) = white luminance;

L(V; Q) is the luminance measured for input number i of colour Q;

Lk is the black luminance.

Table 8 shows an example of colour saturation tone accuracy evaluation for cyan saturation
that is R variation when G and B = 255. Figure 12 shows the colour saturation tone curve of
Table 8.
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Table 8 — Example of colour saturation tone evaluation (cyan saturation)

Lumi.(cd/m?)
Input Input level L(V. qe) - L L(V.q) — Ly |Abs(b - a) satu?ac::g:rtone
no. (i) ) L(V; qc) hac ac L(V,q) »a K accuracy (%)
(a) (b)
1 0 257,8 0,00 0,07 0,00 0,00
2 15 261,0 3,26 0,19 0,11 3,15 95,6
3 31 264,3 6,53 0,62 0,55 5,98 91,7
4 47 267,6 9,79 1,47 1,39 8,39 88,3
5 03 270,8 3,09 2,79 2,72 0,33 8916
6 79 2741 16,31 4,40 4,33 11,99 83J3
7 95 277,3 19,58 6,37 6,30 16,54 81J5
8 111 283,9 26,10 8,69 8,62 27,28 75)6
9 127 290,4 32,63 11,42 11,34 29,46 7043
10 143 296,9 39,15 15,03 14,96 28,78 663
11 159 303,4 45,68 19,04 18,97 29,66 6248
12 175 315,5 57,75 23,94 23,86 31,96 52(7
13 191 324,3 66,56 29,75 29,68 33,50 486
14 207 336,1 78,31 36,58 36,51 38,12 417
15 223 345,9 88,10 45,27 45,20 44,01 4042
16 239 355,7 97,89 55,82 55,75 45,00 412
17 255 326,3 68,52 71,78 71,71 12,98 95/6
Min 40J2
Colour saturation tone, accuracy Max 95]6
Average 70,05
T
3120
8
§ L(V_i,0C)-L_OC
g 100 |
a | —o— L(ViQ)}L K.
o = = = Power-law EOTF with gamma 2,2

0 50 100 150 200 250

Input code (8 bit)
IEC

Figure 12 — Example of colour saturation tone evaluation
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The average colour saturation tone accuracy of CMY colour is as follows, and it shall be
reported with the colour saturation tone curve.

where

1
oc = E(UC,C +ocmtocy)

oc is the average colour saturation tone accuracy.

NOTE

6.3

grey v

an add
obey a

grey E

even fif]

The to

as a d

additiv

where
L(Vi,Q)

The to

Figure
colour

gammg

colour

(11)

Colour saturation tone accuracy for RGB is optional.

FTone additivity function

This fu+nction is constructed from the already measured EOTFs and is usedrfor identify

itive display. In displays for which the colour saturation tone functions (see 3.1.4)
power law, this cannot be judged only from the ratio of the colour,saturation gam

the display is non-additive.

isplay function implementing the tone additivity~properties of input signal. Th
ty of input grey level i is given by

ng the

lues for which the luminance of unsaturated colours is higher compared to the ¢ase of

do not
a and

DTF gamma. Also, tone additivity constancy indicates the absence of any EOTF clipping,

ne additivity function is the relationship between the input grey value and the additivity

e tone

_LUiR)+ LUiG) + L(Fig) 12
’ L) 12
is the luminance of-eatour O at grey level i.
ne additivity functionyis‘obtained by substituting input grey values in Formula (12).
13 (solid line)'shows an example of tone additivity for a display for which the ayerage
saturation_gamma (see 3.1.4) is 1,95, and its grey EOTF obeys a power law|with a
of 2,01.JAlthough the display has significant white boosting, it is not reflected| in the

saturation’ gamma value, and the lack of constancy indicates EOTF clipping. Figure 13

d lin€)'shows an example of a tone additivity for another non-additive display which does

not exhibit EOTF clipping [18] and for which the R, G, B, C, M, Y, and grey gammas arg 1,99,
Vi A0 A a¥a Q na hao H O aro = A

2,05,

3

average colour saturation gamma (2,02) does not reflect the amount of white boosting.

nd the
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6.4

Figure 13 — Examples of tone additivity functions for non-additive displays with

6.4.1

Althou
the dis
The to
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-
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po ==
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Input.grey level
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—

(solid line) and without (dashed line) tone“clipping

Functional tone quantization

Measuring method

a proxy for the perceptual tone resolution, which requires analysis in terms of JND.

Prior t
default

other measurements. The-selected mode shall be noted in the test report. The measu
shall bp done as follows:

a)

b)

d)

e)

Th

pattern in.kigure 9 with grey patches (plus RGB in Figure 7 if the display is not aq
in the centre;shall be used and, if there is image sticking, a black frame may be ir

betiveen the-measurements of each level.

Th

input’signal bit depth shall be the same as the one specified by the display manuf

and the’input shall range from 0 to the maximum code value at a step of one.

gh the number of quantization levels (bitcdepth) is specified in the signalling stgndard,
play does not necessarily render all these levels in perceptually distinguishable
he resolution evaluates the effective bit depth to verify how many different lev
y rendered. Note, however, that itis not a proxy for the number of discernible ¢
cannot simply be calculated from' the product of the RGB tone resolutions. Neither is it

steps.
els are
plours,

b the measurement, the contrast and brightness controls, if any, shall be set fo their
values. Any display mode can be selected, provided that the same mode is used

for all
rement

iditive)
serted

Acturer,

Measure the luminance of the screen centre perpendicularly to the display surface.

Measure in the order from low to high input value by one code value step. Grey tone is

ma

ndatory, and RGB tones are optional for additive displays.

Count the number of different levels according to Formula (13) and calculate the effective

dis

play bit depth using Formula (13).

Report 4Ly, and the associated effective display bit depth. If necessary, perform the

me

asurement at each viewing direction.

Directional display bit depth measurement is recommended when the directional display EOTF
is different from the EOTF in the normal direction.
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6.4.2 Evaluation of functional tone quantization

To calculate the number of levels for all input codes for a given threshold luminance difference,
the luminance difference between two neighbouring input code values is compared. If the
luminance difference between subsequent inputs (L,,4 — L;) is equal to or greater than a

threshold of the ideal luminance difference (L;,q ref — L, ref), the two levels are recognized as
optically different from each other. The adopted threshold AL, for the level difference shall be
reported. The number of different luminance levels is then calculated as follows:

Ngotg = Countof (ﬁ > ALth} (13)
e v —
where
ALy, is the adopted luminance difference threshold;
NeoTE is the effective number of different luminance levels;
i is 0,1, 2,3,...(2" — 2) , and »n is the number of input bits:

NOTE [The 10 % threshold is an example based on the luminance transition“of/level to level where 10 % and 90 %
of the luminance variation are treated as criteria to distinguish from the base.and the target level, respectivgly (refer
to sectign 10.2 in [1]).

In this measurement, all pixels of the window pattern €xcept black input shall remain turped on
with equal or increasing luminous intensity as the input level increases. Figure 14 shows the
minimym colour difference (AL) of two consecutivellevels.

EA
]
-
white
___________ [44 > ALy % (LG + 1yeg = L(i)reg)
black o
inp:t

IEC

Figure 14 — Minimum luminance difference between neighbouring inputs

Based on the number of different luminance levels, the display bit depth is calculated as follows:

beotr =l0gy (Ngotr +1) (14)

where
bEOTE is the effective display bit depth in number of bits.
Table 9 and Figure 15 show an example of a tone resolution evaluation in the case of 8-bit

inputs. Since the number of distinguishable levels is 249, the effective display bit depth shall
be 7,97 bits (= log, (249 + 1)).
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Table 9 — Example of bit depth evaluation

Input Measured lumi. Example ref. level AL ratio i?,LcZZEC:f
(8 bits) (normalized) (y = 2,2 case) AL, =0,1

0 0,000 0 0,000 0

1 0,000 0 0,000 0 0,00 NG
2 0,000 0 0,000 0 0,00 NG
3 0,002 1 0,000 1 62,14 -
4 0,006 3 0,000 1 83,07 -
5 0,006 6 0,000 2 4,92 -
6 0,006 9 0,000 3 3,87 -
7 0,006 9 0,000 4 0,00 NG
8 0,007 3 0,000 5 2,66 -
9 0,007 3 0,000 6 0,00 NG
10 0,007 6 0,000 8 2,01 -
11 0,007 9 0,001 0 1,78 -
12 0,008 3 0,001 2 1,60 -
13 0,008 6 0,001 4 1,44 -
14 0,008 6 0,0017 0,00 NG
15 0,008 9 0,002 0 1,21 -
16 0,009 3 0,002-3 1,12 -
17 0,009 6 0,002 6 1,03 -
18 0,009 9 0,002 9 0,96 -
19 0,010 3 0,003 3 0,90 -
20 0,010 3 0,0037 0,000 NG
21 0,010 6 0,004 1 0,80 -
22 0,011(3 0,004 6 1,51 -
23 0,011-6 0,005 0 0,71 -
24 09,0119 0,005 5 0,68 -
25 0,012 3 0,006 0 0,64 -
26 0,012 9 0,006 6 1,23 -
27 0,013 3 0,007 2 0,59 -
28 0,013 6 0,007 8 0,56 -
29 0,013 9 0,008 4 0,54 -
30 0,014 6 0,009 0 1,03 -
31 0,014 9 0,009 7 0,49 -
32 0,015 3 0,010 4 0,48 -
33 0,015 9 0,011 1 0,92 -
34 0,016 6 0,011 9 0,88 -
35 0,017 0 0,0127 0,43 -
36 0,017 3 0,013 5 0,41 -
37 0,018 0 0,014 3 0,80 -
38 0,019 0 0,015 2 1,16 -
39 0,019 3 0,016 1 0,37 -
40 0,019 6 0,017 0 0,36 -
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Input Measured lumi. Example ref. level .AL check
AL ratio in case of
(8 bits) (normalized) (y = 2,2 case) AL, =0,1
41 0,020 0 0,017 9 0,35 -
42 0,021 0 0,018 9 1,03 -
43 0,021 6 0,019 9 0,66 -
44 0,022 0 0,021 0 0,32 -
45 0,022 6 0,022 0 0,63 -
46 0,023 6 0,023 1 0,92 -
4 | 2 ’ 25 4 1’1 ‘Al/
8 0,025 6 0,025 ,16 ’_\(1/
49 0,027 4 0,026 5 1,49 Q-
50 0,028 7 0,027 8 1,08 o’ ’ -
7
A\
O
255 1 1 « N 12 -
Number of different levels Q o 249
O
NOTE | The result of the 4L ratio is slightly different due to the IQM significant figures.
N
(0.4)
Q5 X
s 2 N
S 19 N
1,8 - w0
’ N
=17 K |
—— AL ratio
1,6 - "
15 - ~H-F
14 - 4=
13 - HEN
12 - 1 l 1A A I ‘ " l [
11 \\ ll 1 1
7 " \
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Figure 15 — Graphic result for the bit depth evaluation in Table 9

7 Reporting

7.1 Required reporting
The following information shall be reported:

a) date and time of the measurement
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b) video signal generator specification

number of bits and input code value range
input pattern and signal interface format, etc
box size of the input pattern and APL

c) identification of the display DUT

d) sp

product name, device name, type and lot number
date of production
company name of production

cification of the display DUT

e) sel
f) me
int
g) dan
h) LM
i) inp
j) me
7.2

For the
as follg

a) EO

b) col

screen size and input pixel count (H x V)

input signal type

supported signal bit depth

pcted operational mode and white point if different from the factory-§et mode

bsurement pattern used for each items or measured data from.602-point measu
he case that the 602-point data is available

kroom condition

D type for all measurements including viewing directionalhmeasurement
it data for colour reference pattern

asurement results according to 7.2

Measurement results

measurement results, the measurement’items stipulated in this document shall b
WS
TF and display gamma

EOTFs: tabulated and plotted"EOTF for grey and colour tone at the normal directi
viewing direction

gamma: average gamma or log-log gamma in the case that the EOTF obeys a
law

standard deviationyjand gamma accuracy

grey scale tracking accuracy: average, minimum, and maximum colour difference
directionallgamma distortion in the case that the EOTFs obey a power law

bur saturation tone function
calour saturation tone curves: tabulated and plotted for each colour saturation to

rement

b listed

on and

power

AEqg ;

cotouT Saturatiom tomeaccuracy

c) functional tone quantization

d) ton

display bit depth for grey at the normal direction (for both an additive and a non-additive

DUT)
display bit depth for RGB at the normal direction (for only a non-additive DUT)
e additivity function: tabulated and plotted
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