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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LASER DISPLAY DEVICES -

Part 5-3: Measuring methods of image quality
for laser projection displays

EOREWORD

LEDY vV OT X

The |nternational Electrotechnical Commission (IEC) is a worldwide organization for standardization/co

mprising

all national electrotechnical committees (IEC National Committees). The object of IEC is to promoteintefnational

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

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-goverpmental organization

ealt with
liaising

with the IEC also participate in this preparation. IEC collaborates closely with the International Organizption for

Stanfardization (ISO) in accordance with conditions determined by agreement between 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

htions.

national
from all

National

Committees in that sense. While all reasonable efforts are madé\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 Publications

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

between

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

IEC jtself does not provide any attestation of conformity. 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

mempbers of its technical committeesrand IEC National Committees for any personal injury, property damage or
othef damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fdes) and

IEC 62906-5-3.has been prepared by IEC technical committee 110: Electronic displays.
Interngtional)Standard.

ications.

btions is

f patent

It is an

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

Draft Report on voting

110/1269/FDIS 110/1285/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 62906 series, published under the general title Laser display devices,

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 amepnded.
IMPORTANT - The 'colour inside’ logo on the cover page of(this publication indicates
that it contains colours which are considered to be useful fof the correct understanding
of its|contents. Users should therefore print this document using a colour printer.



http://www.iec.ch/members_experts/refdocs
http://www.iec.ch/standardsdev/publications
https://webstore.iec.ch/
https://iecnorm.com/api/?name=75188a3408154519b533bfa7996281c2

-6 - IEC 62906-5-3:2021 © |IEC 2021

LASER DISPLAY DEVICES -

Part 5-3: Measuring methods of image quality
for laser projection displays

1 Scope

This document specifies the standard measurement conditions and measuring methods for

deter -
the prqgjection devices and screens. The front and rear projection screens are included
document. Other display devices, such as raster-scanned (flying spot) projection devic
not included.

2 Ngrmative references

The following documents are referred to in the text in such a way thatsome or all of their ¢

grating
in this
ES, are

ontent

constitptes requirements of this document. For dated references, only the edition cited ajpplies.

For umdated references, the latest edition of the referenced” document (includin
amendments) applies.

IEC 600050-845, International Electrotechnical Vocabulaty)(IEV) — Part 845: Lighting
IEC 60825-1, Safety of laser products — Part 1: Equipment classification and requireme

IEC TR 60825-8, Safety of laser products — Part 8: Guidelines for the safe use of laser
on humans

IEC 628341-6-3:2017, Organic light emitting diode (OLED) displays — Part 6-3: Mea
methodls of image quality

IEC 62471-5, Photobiological safety of lamps and lamp systems — Part 5: Image project
IEC 62906-1-2, Laser display devices — Part 1-2: Vocabulary and letter symbols
ISO/CIE 11664-1;,€olorimetry — Part 1: CIE standard colorimetric observers

ISO/CIE 19476, Characterization of the performance of illuminance meters and lum)
meters

g any

his

beams

suring

ors

inance

CIE 63, The spectroradiometric measurement of light sources

3 Terms, definitions, and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in IEC 60050-845,

IEC 62906-1-2 and ISO/CIE 11664-1 apply.

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

addresses:

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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3.2 Abbreviated terms
DUT Device under test

LDD Laser display device
LPD Laser projection display
LMD Light measuring device

4 Standard measuring conditions

4.1 General

Unless stated otherwise, the following conditions shall be applied. During the measurgment,
the prqtection of optical radiation safety shall be implemented according to IEC 60825-1 and
IEC TR 60825-8 for the products with a classification over M2, and IEC 62471-5for R(G2 and
RG3.

4.2 Environmental conditions
Measufements shall be carried out under the standard environmental conditions:

— temperature: 25°C =3 °C,
— relative humidity: 25 % to 85 % RH,
— atmospheric pressure: 86 kPa to 106 kPa.

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

4.3 Power supply

The pgwer supply for driving the DUT shall be adjusted to the rated voltage *+ 0,5 %, gnd the
frequepcy shall be supplied at the rated*frequency + 0,2 %.

4.4 Warm-up time

The measurements should be carried out after the light output is sufficiently stable. It is defined
as the time elapsed fromwhen the supply source is switched on, and a full level of inpuf] signal
is applled to the DUT, until the repeated measurements with the interval of one minute $how a
variatign within ten minutes in luminance (or illuminance) of less than 3 %.

4.5 Dark ambient conditions

The LPDs(are intended to be measured under the dark room conditions. Any background
illumingrnee at the image plane shall be less than 1 % of the projector maximum illumfinance
when meastred-with-aprofectormaskbtockingthe-directbeam from-the projectot (f\n example
refer to [1] in 15.1.4). The measurements should be conducted in a room with matte black
surfaces having a photometric reflectance of less than 3 %.

4.6 Measuring equipment

The configurations and operating conditions of the measuring equipment shall comply with the
requirements specified in each item. Unless stated otherwise, the measurement point shall be
at the centre of the image area to be measured. The measurement area at the image plane
shall be at least 1 cm in diameter and contain at least 10 pixels x 10 pixels. It shall be confirmed
that this number of pixels is sufficient by shifting the LMD 20 % laterally and verifying that the
luminance is less than 2 %. A large enough measurement area is needed to average out
speckle-induced non-uniformity; in addition, the entrance pupil of the LMD shall be not less than
2 cm in diameter. To ensure accurate results for static measurements, the LMD integration time
shall be a multiple n (n > = 1) of the frame time, or larger than 200 frame periods.
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Filtered luminance meters and colorimeters are generally considered not to be accurate enough
for laser projector measurements. Spectroradiometric instruments are preferred for these
narrow bandwidth light sources. Filtered luminance meters and colorimeters shall only be used
if they are corrected with a precision spectral radiance meter. However, it is noted that the
correction factors shall be achieved for every given spectral distribution of the light from the
screen (e.g. red, green, blue primaries, in addition to white and black).

To ensure repeatable measurements, the following requirements shall be applied.

1) Spot luminance meter: refer to ISO/CIE 19476. The spectral responsivity shall comply with
the CIE photopic luminous efficiency function, and the general V(1) mismatch index /4
shauld be no greater than 6 %; the relative luminance uncertainty shall not be greater than
4 % for high luminance over 10 cd/m?2 and not be greater than 10 % for low lumingnce of
10 |cd/m?2 and below.

2) Co|orimetric luminance meter: the spectral responsivity shall comply with“the tolour-
majtching functions for the CIE 1931 standard colorimetric observer (seedSO/CIE 11/664-1)
with chromaticity accuracy of 0,004 for x, y.

3) 2D|imaging luminance meter: the number of pixels of the imaging detector shall be 4 times
of the image subpixel within the measurement field as given in follewing each item] When
a large measurement field angle is applied, it shall be noted thatthe measured lumfinance
might be different between the centre and edge field. The diditalization dynamic rande shall
nof be smaller than 12 bit per sample, The spectral respansivity shall comply with the CIE
photopic luminous efficiency function, and the general, 7{4) mismatch index f’; shall{be not

higher than 6 %.
4) Spectral radiance meter: The narrow spectral line‘widths of the laser projection d|splays

usdally require the use of a spectral radiance.meter for accurate results of luminange and
chromaticity. The requirements are as follows;

— |the wavelength accuracy shall be within*+ 0,5 nm;
— [the wavelength measuring range .shall be at least 380 nm to 780 nm;
— |the stray light shall be less than, 10-3;

— |The sampling interval shall\be set to 1/N (N is an integer) of the spectral bandwidth of
the spectroradiometer referred to in CIE 63 to achieve uniform spectral sampling
function for accurate results. For example, a 2,5 nm sampling interval can be usgd for a
2,5 nm or 5 nm bandwidth.

It i3 recommended.fo)use a spectroradiometer with a spectral bandwidth of not more than
5n

5) IIIuEinance meter: It is used for checking ambient illuminance and shall refer to
ISQ/CIE 19476.

5 Ingtalation and adjustment of the DUT

5.1 Placement of the projection device and screen

The laser projection device and screen to be tested shall be installed in the position as shown
in the product specification.

The projection distance from the projection device to the screen, projection direction, viewing
mode, height and tilted angle of the installation shall be reported.

5.2 Focusing and alignment of the LPD
1) The LDD mode shall be set to the factory settings or "standard".

The LMD shall be placed in the front of the screen at the measuring distance, and with its
optical axis perpendicular to the screen. These adjustments shall be held constant during
the measurement. Otherwise it shall be noted in the measurement report.
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2) Projection image placement: The image resolution and even luminance level of the
projection image on the screen can be affected by the focus and zoom of the projector lens.
The zoom and preferred image size will dictate an optimum state by applying an appropriate
pattern provided by the manufacturer. A lens-shift projector shall be positioned at its
optimum optical path as specified by the manufacturer. If the manufacturer does not define
the optimum optical set-up, the lens shift shall be set either to the factory settings or in a
way that centres the projected image along the geometrical axis of the projection lens. If
the projector has a zoom lens, it shall be set to its widest angle. A manufacturer provided
alignment pattern, or a pattern as shown in Figure 1, can be used to focus the projection
image on the screen. The focus shall be adjusted until the centre features and the edge of
the projected image on the image screen are the clearest. In Figure 1, W and H are the
width and height of the image screen, respectively.

In Figure 2, an example of a DUT set-up is shown, the projector is set in front|of the
projecting screen. In Figure 2, L is the distance between the screen and the projectopr, and
B ig the angle between the optical and geometrical axes of the projector. Adjust theg figure
so that the geometrical axis is perpendicular to the screen.

wi10

-
-«

HIO0

H

HI2

wi2

w

A
L

IEC

Figure 1 — Example of an image pattern with width W and height H

Screen

LMD s /i T

Projector

IEC

Figure 2 — Example of DUT setup


https://iecnorm.com/api/?name=75188a3408154519b533bfa7996281c2

-10 - IEC 62906-5-3:2021 © |IEC 2021

6 Test patterns

6.1

Full screen patterns

The full-screen patterns are either grey or a single colour (red, green, or blue) with 100 %, 50 %,
25 % and 10 % input signal levels (Figure 3).

6.2
Check

of 10 9
onab

specifi

NOTE
a shield

IEC
Figure 3 — Full screen patterns

Checkerboard patterns

erboard patterns have different columns and different rows.by applying white signa
b, 50 % and 100 % on a white rectangle box respectively, and a black signal level
lack rectangle box. The 4-by-4 or 5-by-5 checkerboard patterns shall be appl
ed by the manufacturer or supplier (an example©fa 5-by-5 pattern is shown in Fig

f the LMD is sensitive to the surrounding illumination, er/and black wall reflection of the projector e
for avoiding effects from the background illumination is used.

3) With white centre and white corners

IEC

b) With black centre and black corners

levels
of 0 %
ed, as
ure 4).

mission,

IEC

Figure 4 — Examples of checkerboard patterns

7 Measuring methods

7.1

7.1.1

Luminance uniformity

Purpose

The purpose of this method is to determine the luminance uniformity of laser projection displays.
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7.1.2

Measuring conditions

The following measuring conditions shall be applied:

a) Apparatus: an LMD which can be a spot luminance meter or a spectral radiance meter;
a power source and a driving signal equipment.

b) Standard measuring environmental conditions; dark-room conditions; standard

installation and adjustment of the DUT.

c) Measurement points: the point positions as shown in Figure 5.

- w2 -
W6 — W6
Y \i
| S + + §
T | ao 4 Lo g
i 3 =
1 2 3
Q) ) 3) g
S + + - Y
4) ®) (6)
Y + + + &
© (12) (3 | =
! 2 + ) (8) (9) Y
A A
ol Q720 w20 ||
- W -
o = IEC
Figure-5 — Measurement points
71.3 Patterns
The full screen patterns shall be applied with 100 % grey levels as in Figure 3, and a 0 [ grey
level fgr the black screen.
7.1.4 Measuring 'method
For luminangextniformity, the measurement shall be as follows.
a) |Measure the luminance at each of the common (P4 to Pg) nine positions as shjown in
, 1 13
b) Determine the maximum luminance L5« and minimum luminance L., between all
nine or thirteen positions, and the average luminance L,,,, from the nine positions P, to
Pg only.
c) The percent deviation of the highest and lowest luminance values relative to the average,

Unigh @and Uj,,, respectively, shall be calculated as follows:

Uhigh :(@}(]00 (%) U, :(w}(]oo (%) )
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The luminance uniformity shall be calculated as follows:

NU:(@JMOO (%) U =100— NU (%)

X

Report

The following information shall be noted in the report:

- the
— the
— the
— the
7.2

7.21
The pu
display

pattern

unifor

screen

7.2.2
The fo

a)

b)

7.2.3

The p
measu

rectangles are black and white.

test patterns and measurement points on the screen.

(2)

Tuminance at each of all nine or thirteen posiions.
average luminance, maximum luminance and minimum luminance.
luminance uniformity U, percent deviations Uy,;g, and Uy,

Contrast ratio uniformity

Purpose

ity is described by the maximum contrast ratio @and the minimum contrast ratio

Measuring conditions
lowing measuring conditions shall be.applied:

Apparatus: an LMD which can be\a spot luminance meter or a spectral radiance
a power source and driving sighal equipment.
Standard measuring enyvitonmental conditions; dark-room conditions; st
installation and adjustmentof the DUT.

Patterns

bttern shall be™ applied, for an example of 5-by-5 checkerboard patterns a
Fement points.as shown in Figure 4. There are two types of test patterns whose

rpose of this method is to determine the contrast ratio unifermity of a laser prgjection
on the screen. By applying checkerboard patterns, an example of 5-by-5 checkdrboard
s with a white centre and black centre, respectively tocmeasure the luminance 3t each
rectanile position, the contrast ratio of each position shall*be calculated. The contra

5t ratio
on the

meter,;

andard

nd the
centre

in the

7.2.4 Measuring method

1) Applydhe checkerboard pattern whose centre rectangle is white.

2) Measure the luminance Loy (i = 1 to 13) at each centre of the white rectangles
checkerboard screen, and the average white luminance Ly from all thirteen white
rectangles.

3) Apply the checkerboard pattern whose centre rectangle is black.

4) Me

asure the luminance Lqg; (i = 1 to 13) at each centre of the black rectangles

in the

checkerboard screen, and determine the average black luminance Lsgay from all thirteen

bla

ck rectangles.

5) The contrast ratio CR,y, is given as follows:

L

_ fewav
CR,, =

LCBAV

(3)
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6) Calculate the contrast ratio CR; (i = 1 to 13) for each measurement rectangle in the
checkerboard screen as follows:

R =Lew (i _110 13) )

i
CBi

7) Determine the maximum contrast ratio CRyax and the minimum contrast ratio CRy,y from
all thirteen white rectangles.

7.2.5 Report

The following information shall be noted in the report:

— the|test patterns and measurement position on the screen;
— the|luminance at each centre of the rectangles with white and black;
— the|contrast ratio for each measurement rectangle;

— the|contrast ratio CR,py,, maximum contrast ratio CRy px and minimumyeontrast ratio Ry n-
NOTE [The contrast ratio is expressed as a ratio in the format of “X:1”.
7.3 Viewing direction

7.3.1 Purpose

The pdirpose of this method is to measure the viewing direction range of laser projection
displays.

NOTE |n the case of back projection, IEC 62341-6-3 cah be referred to.
7.3.2 Measuring conditions
The following measuring conditions shall be applied.

a) [Apparatus: an LMD that.can'be a spot luminance meter or a spectral radiance meter, a
power source, and a driving signal equipment, as well as a goniometric mechanism to
move the LMD around the projection plane;

b) |Standard measuring environmental conditions; dark-room conditions.
c) |Standard set-up/condition as in Figure 6.
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LMD

a)

7.3.3

The pdttern shall be applied with 100 % grey levels-for full white and black screens.

7.3.4
1) A

(6

3) Me

thr

rarjges in the product.specification.

4) Ca

thg viewing diregtion.

5) Re

baged on the contrast ratio limits which may be specified by the manufacturer, for e
10:

7.4

7.4.1
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Screen

Screen

tn the LMD perpendicularly to the:l\PD surface, and focus on the centre of the sc
2) Me

IEC

Measurement on the horizontal direction b) Measuremention the vertical directi

Figure 6 — Set-up for viewing direction(measurement

Patterns

Measuring method

sure the centre luminance, and the contrast ratio perpendicular to the projectior
= 0y = 0°). The measurement area shall cover at least 500 pixels.

lasure the luminance values and determine the luminance contrast ratio as the LML
bugh the various angles'in the horizontal or/and vertical directions at the specifieg
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Chromaticity uniformity

Purpose

The purpose of this method is to measure the chromaticity uniformity of laser projection displays

on the

7.4.2

screen.

Measuring conditions

The following measuring conditions shall be applied:

a) Apparatus: an LMD which can be a colorimetric luminance meter or a spectral radiance

b)

meter, a power source and driving signal equipment.

Standard measuring environmental conditions; dark-room conditions; standard

installation and adjustment of the DUT.
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7.4.3

Patterns

The pattern shall be applied with 100% grey levels for full screen white, red, green, and blue
as in Figure 3.

7.4.4

Measuring method

For chromaticity uniformity, the measurement shall be as follows.

a) Apply the test patterns for full screen white, red, green, and blue colours, respectively,

b)

f)
7.4.5
The fo

— the
— the

— the
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7.5.1

The purpose of this'method is to measure static image resolution of the LPD on the scrg

NOTE 1

NOTE 2

7.5.2

on the screen.

For each colour, measure the chromaticity »’, v'in the CIE 1976 UCS chromaticity system

at the centre of each of the common (P4 to Pg) nine rectangles as shown in Figu

measurements for each colour.

Measure the u', v’ chromaticity at the four corners (P1g to P13) as shown in Figuf
each colour.

Calculate the chromaticity deviation Au'v’ of the thirteen measurements from the a
value for each colour as follows.

2 5 1/2,

Au'v‘:[(u‘—u'o) +(v'=v')) ]

Determine the maximum chromaticity deviationiin*u' and v’ for each colour.
Report

lowing information shall be noted in the report:

test patterns;
average chromaticity value (u.{y v’g) for each colour;

maximum chromaticity deviation Au’v’ for each colour.
mage resolution

Purpose

An alternative method for determining effective resolution can be found in section 7.7 in [1], if neq

The.method for determining moving image resolution is found in IEC 62341-6-3:2012, 6.5, if nece

e 5.

Calculate the arithmetic average chromaticity value (u'y and v'y) -6fy'the¢ nine

e 5 for

verage

(%)

ten.

essary.

ssary.

o . fiti

The following measuring conditions shall be applied:

a) Apparatus: an LMD which can be a spot luminance meter, a spectral radiance meter or
2D imaging luminance meter; driving power source; and a driving signal equipment;

b) The measurement direction of the LMD to determine the luminance profile shall be
perpendicular to the parallel lines being measured. The integrating time of the LMD
signal shall be long enough so that the standard deviation of the measured luminance is

c)

no greater than 2 % of the average value.

For a 2D imaging luminance meter, the number of pixels of the detector shall be enough.
It is recommended at least five pixels from the detector fall within each pixel line at the

crossed direction;
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