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INTERNATIONAL ELECTROTECHNICAL COMMISSION

LASER DISPLAY DEVICES -
Part 5-2: Optical measuring methods of speckle contrast
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nternational Electrotechnical Commission (IEC) is a worldwide organization for standardizationco
ational electrotechnical committees (IEC National Committees). The object of IEC ishto

hational co-operation on all questions concerning standardization in the electrical and electronic fi
end and in addition to other activities, IEC publishes International Standards, Technical! Specif
nical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to
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tional’ Standard IEC 62906-5-2 has been prepared by IEC technical committele 110:

The text of this standard is based on the following documents:

FDIS Report on voting
110/760/FDIS 110/768/RVD

Full information on the voting for the approval of this standard can be found in the report on

voting

indicated in the above table.

This publication has been drafted in accordance with the ISO/IEC Directives, Part 2.

A list of all parts in the IEC 62906 series, published under the general title Laser display
devices, can be found on the IEC website.
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The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC website under "http://webstore.iec.ch” in the data
related to the specific publication. At this date, the publication will be

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

A bilingual version of this publication may be issued at a later date.

IMPORTANT - The “colour inside” logo on the cover page of this publication indicates
that it[contains colours which are considered to be useful for the correct.understanding
of its ¢ontents. Users should therefore print this publication using a colour printef.
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LASER DISPLAY DEVICES -

Part 5-2: Optical measuring methods of speckle contrast

1 Scope

This part of IEC 62906 specifies the standard measurement conditions and measurement

methOdwmwMWmﬂumlmsmumwm#DDS).
Ds may include hybrid types using both a laser or lasers, and spontaneous eniission-

The LI

based

NOTE

ight sources, such as LEDs.

The monochromatic speckle contrast measurements do not include image quality issues.

2 Normative references

The fo

lowing documents, in whole or in part, are normatively referenc¢ed in this docume

are indispensable for its application. For dated references, only, the edition cited appli
undatgd references, the latest edition of the referenced” document (includin

amend

ments) applies.

IEC 60825-1, Safety of laser products — Part 1: Equiptent classification and requireme

IEC 62906-1-2:2015, Laser display devices — Part\1-2: Vocabulary and letter symbols

3 Tdrms, definitions and abbreviations

For thg purposes of this document,:the terms and definitions given in IEC 62906-1-2,

as the

3.1

311
fully d
FDS
speckl

following apply.

Terms and definitions

leveloped speckle

e when thé/speckle contrast ratio is equal to one (C; = 1)

[SOURCE:Goodman:2006] [1]1

3.2 ADbbreviations

DN
DUT
LD
LMD
MTF
NA
PPUT
PSF

1 Num

nt and
ps. For

g any

hts

as well

digital number

device under test

laser diode

light measuring device
modulation transfer function
numerical aperture
projection plane under test
point spread function

bers square brackets refer to the bibliography.
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signal to noise ratio

4 Standard measuring conditions

4.1 General

An LDD is featured by using coherent or partially-coherent light sources. Speckle is created
particularly by coherence of the light sources. Therefore, measuring methods and equipment

particu

larly designed for speckle are necessary.

When carrying out optical measurements of LDD, the measuring environment, equipment and

methogs—strattbecomptiantwithtEC 66825t forhomansafety———————————————

4.2

Optica

enviropmental conditions, at a temperature of 25 °C + 3 °C, a relative humidity of 2

85 %,
they sh

4.3

The projection direction is the direction of a beam comingyfrom the LDD to the prg

plane
inclina
called

the colinter-clockwise direction, it is related to the.directions on a clock face as follows

is the
9 o'clo

The vi
on the

Standard measuring environmental conditions

measurements related to speckle shall be carried out under ¥the st

and pressure of 86 kPa to 106 kPa. When different environmental ‘conditions are
all be noted in the report.

Measurement coordinate system

under test (PPUT). The projection direction is defined by two angles: the a
ion 6 (relative to the surface normal of the PRUT) and the angle of rotation
pzimuth angle) as illustrated in Figure 1 a). Although the azimuth angle is meas

3 o'clock direction ("right"), ¢ = 90° thg, 12 o'clock direction ("top"), ¢ = 18
Ck direction ("left") and ¢ = 270° the 6 o'clock direction ("bottom").

bwing direction is the direction under which the observer looks at the point of i
device under test (DUT), including the projection plane under test (PPUT). Dur

measu
the po
two an
of rota

is measured in the counter-clockwise direction, it is related to the directions on a clog

as foll

¢ =180° the 9 o'clotk.direction ("left") and ¢ = 270° the 6 o'clock direction ("bottom").

ement, the light-measuring.device (LMD) simulates the observer, by aiming the

nt of interest on the DUT.from the viewing direction. The viewing direction is defi
gles: the angle of inclination 6 (relative to the surface normal of the DUT) and the
ion ¢ (also called azimuth angle) as illustrated in Figure 1. Although the azimuth

bws: ¢ = 0° is the-3 o'clock direction ("right"), ¢ = 90° the 12 o'clock direction

andard
5 % to
used,

jection
gle of
(also
ired in
¢=0°
0° the

nterest
ng the
LMD at
ned by
e angle
angle
k face
"top"),
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LMD or

human eye

a) PPUT (screen) for front projection b) PPUT (screen) for front projection,
or DUT (LDD) ferrear projection

Figure 1 — Coordinate system for projection direction and viewing direction

Darkroom conditions

LDD should be measured under controlled lighting: conditions. Unwanted back

illumingtion except the light generated by the LDDCitself shall be minimized, typic

illumin
backgr

<1/2

background subtraction is required and it shall'be noted in the report. It is recommend
the bgckground for each pixel of the jimaging device be subtracted. In addition,

sensiti

LMD

shall be noted in the report.

Unlesq stated otherwise, the standard background lighting conditions shall be the da
conditipns.

4.5

4.51

It is as

radio

Standard conditions of measuring equipment

General

ground
blly by

bting the display in a darkroom. The darkroom luminance contribution frdm the
ound illumination, which is the measurement-illumination reflected off the DUT, shall be
0| of the lowest black level of the display. If this condition is not satisfieq, then

ed that
if the

vity of the LMD is inadequate to measure at these low levels, then the lower limi{ of the

rkroom

sumed, that all measurements are performed by personnel skilled in the genera] art of

give a

detailed aceount of good practice in electrical and optical experimental physics. Furthgrmore,

it is

n‘Etric and electrical measurements as the purpose of this standard is not to

ngcessary to ensure that all equipment is suitably calibrated as is known to

skilled

personnel and that records of the calibration data and traceability are kept.

It is assumed that all measurements are performed under normal operation conditions as

used

in the finished product by the end user unless requested otherwise.

Standard equipment conditions are given below. Any deviations from these conditions shall be
noted in the report.

Measurements shall be started after the LDD, the light source, and measuring instruments
achieve stability.

If the measurement is not carried out under the darkroom conditions, depending on the
application, the illumination/detection geometry and the light source spectral behaviour shall

be re

ported.
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4.5.2 Adjustment of LDD

The LDD shall be measured at the factory default mode. The LDD may be also measured at
additional modes (e.g. bright or movie mode).

4.5.3 Conditions of measuring equipment

The speckle contrast created by the LDD shall be measured using the standard measurement
conditions given in 4.2.

The following conditions of the speckle contrast measuring equipment shall be noted in the
record:

a) LDD operation mode,
b) distance from projection plane to LDD (except rear projection),
c) distance from projection plane to LMD,
d) projection direction as given in 4.3,
e) viewing direction as given in 4.3,
f) polprization conditions if not operating in the factory default mode;
g) centre wavelength of the LDD,
h) spgctrum of the LDD if not operating in the default monochromatic mode,
i) optjcal system parameters of LMD,
1) [imaging lens F-number
2) |iris diameter
3) |spectral characteristics of the optical filter'of the LMD (when they were applied)
j) spdgcifications of two-dimensional imaging device,
pixel size
bit depth
spectral sensitivity
dynamic range
linearity of input sighal to DN
exposure time

The sgeckle of each primary colour generally shall be measured in terms of the specfrum of
the LD which(line-width is much narrower than LEDs either in the case of single longitudinal
or in the case»of multi-longitudinal mode operation (see Annex A). Spectral measurement of
such g narrow line-width requires much higher resolution: a spectrometer, or a spgctrum
analysgrfmay be used.

The measurement shall be performed considering the following aspects.
o A spectrometer or a spectrum analyser shall be capable of covering a wavelength range of
at least 380 nm to 780 nm and shall have polarization sensitivity less than 2 %.

e Care shall be taken to ensure that the LMD has enough sensitivity and dynamic range to
perform the required task.

e The relative uncertainty and repeatability of all the measuring devices shall be maintained
by following the recommended calibration schedule instructed by the instrument supplier.

e The DUT shall be operated at its intended image refresh rate.
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4.6 Screen conditions

4.6.1

General

The screen is an important component of the LDD in the measurement of speckle. If the DUT
contains a screen as one of the components of the product, the measurement shall be carried

out usi

4.6.2

ng the screen.

Report

The following specifications related to screen gain shall be noted in the report:

e vie
o pej
e hal

NOTE 1
display

The sdg
for lon

NOTE 2
source f

Villy qng:c bhaldbtclict;b,
k gain,
f-gain angle.

The definitions and measurement methods of these parameters are shown in the ICDM infi
neasurements standard, 2012, Appendix B17 [3].

reen should be held rigidly or the measurement results might'be affected, part
) exposure times.

The ICDM document [3] in the bibliography is referred because,there is no other appropriate r
br the screen gain for this document, but in the future, more appropriate document will be referred.

5 Measuring methods of speckle contrast

5.1
5.1.1

The pU
this me

5.1.2
The ap

e ad
e ad
e an
e an

e as

Speckle contrast measurement of still intage

Purpose

asuring method is to measure the screen speckle contrast.

Measuring conditions
paratus consists of the, following:
Fiving power source,

Fiving signal equipment,
maging device,

magifig*lens and iris,

Creen for front projection display.

rmation

cularly

bference

rpose of this method is to determin€ the speckle contrast of an LDD. The main fgcus of

An LMD consisting of an imaging lens, iris and imaging device should be based on the MTF or
the PSF of the human eye perception. [2] The imaging device such as a CCD or a CMOS
output signal should have a linear response to the incident light above the dark current noise
level. Full well capacity should be large enough for the measurement not to be affected by
shot noise. The SNR is more than 10 and the dark current noise is less than 0,1 electrons.
The imaging device should have enough resolution to resolve the minimum subjective speckle

grain s

ize caused by the iris (see Annex B).

NOTE For the noise of the imaging sensor, refer to Chapter 3: Photon Transfer Noise Sources in [4]. For the
characteristics of the imaging sensor, refer to Annex D.

5.1.3

Measuring the monochromatic speckle contrast of front projection

The measurement shall be performed as follows:
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a)

nominal product design values.

b) Place the LMD as indicated in Figure 2. The measurement distance should be the

as the intended audience viewing distance.

Place the DUT in front of the screen. The projection distance should be the same as the

same

The measurement distance strongly depends on the DUT. For example, a measurement

distance of three times the image height is recommended for a full HD projec
measurement distance of 5 m is recommended for a cinema projector.

The imaging device shall be placed at the conjugate focal plane of the screen.

c) The projection image of the DUT is a spatially uniform pattern (typically a primary co
G or B). The speckle should be measured for all primaries, when multi-primary systems

ar maachrad Thao tmaan ciza chall ha laraar than tha finld ~f o of tha | MDD
Creaosuret— e ge—Srte—Sramr o CTarge— e e O e WOt e v

tor. A

lour R,

ecular

te the

of the

——— e ———————

d) Sef the colour filter if necessary, for example avoiding an unnecessary optical signal. The
filtgr should transmit the primary colour channel of the projected image. It is reeommended
to ppply the optical filter that transmits the primary colour separately to' measdre the
spdckle contrast of each light source.

e) Fog¢us the LMD to the projected image on the screen.

f) It is recommended to align the DUT and LMD at an appropriate angle to avoid sj
reflection to the LMD. Focus the LMD on the screen.

g) Capture the image. The exposure time shall be determined-so as not to satura
imgging device.

h) Calculate the speckle contrast Cg using the following equation:

Co=—
I
where o is the standard deviation of the speckle pattern and 1Tis the average
spgckle pattern.
Imaging lens
Iris O A T
Specular reflection I’ :jma_ging
NAScreen-Iris ! /eVIce
Nt
PPUT NADUT-Screen
(screen) DUT (LDD)
. . NAIris-Image
Colour filter (optional)

Figure 2 — Example of measurement geometries for
monochromatic speckle contrast of front projection

NOTE 1 The colour filter set in front of the DUT has a bandpass property for extracting only the very
“monochromatic” bandwidth of lasers generating speckle (see Annex A). It is optional particularly when the other
light sources affect the speckle contrast (see IEC 62906-1-2:2015, 2.3.5). The crosstalk involving the other light
sources is eliminated during the measurement.

IEC

narrow
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NOTE 2 For applications using specific eyepieces, such as 3D glasses which have different optical properties
(polarization or wavelength-band, etc.) between the right and left eyes, appropriate optics which have the same
optical properties as the eyepieces is set in front of LMD.

5.1.4 Measuring the monochromatic speckle contrast of rear projection
It is assumed that a screen is a component part of the rear projector.

a) Place the DUT and the LMD as indicated in Figure 3. The measurement distance should
be the same as the intended audience viewing distance.

b) The projection image of the DUT is a spatially uniform pattern (typically a primary colour R,
G or B). The image size shall be larger than the field of view of the LMD.

C) Se t;lc bUiUul flitcl If necLcosdly, fUI U)\dlllpic dVUiUI;Ily dalt uririetcosdaly Uptibdi b;yllﬂl. The
filtgr should transmit only the primary colour channel of the projected coloun. It is
recommended to apply the optical filter that transmits the primary colour s€pardtely to
mepsure the speckle contrast of each light source.

d) Fogus the LMD on the screen.

e) Capture the image. The exposure time shall be determined so as\not to saturate the
imgging device.

f) Calculate the speckle contrast C in the same manner as in 5.1.3.9).

Imaging lens

Normalto ., R L)~~~/ ======~ IFn;g-irTg\‘
screen ; 1
device |
4 1
1
putr - 1
1
1
1
1
7
__________________ 7
Colour filter LMD
(optional)
NAIris—Image
IEC

Figure 3 — Example of measurement geometries
forcmonochromatic speckle contrast of rear projection

5.2 [Lalibration-and diagnosis of the LMD

5.21 General

To achievé an accurate and repeatable C. measurement, calibration and diagnosis]|of the
LMD are important. The scheduled calibration and diagnosis are recommended.

The entire calibration shall be carried out by front projection, not by rear projection.

The apparatus consists of the following:

e a continuous-wave, narrow-bandwidth and linearly-polarised coherent light source
stabilised in a single longitudinal and transverse mode such as a stabilised He/Ne laser
with a frequency bandwidth less than 20 MHz for high C calibration;

e a polariser;
e anincoherent light such as incandescent lamp for low Cg;

e a projection lens;
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e a diffuse reflectance standard screen which has an approximate Lambertian scattering
property.

NOTE The surface texture of reflectance standards may vary and affect the absolute speckle contrast value. A
single reflectance standard sample is designated as the reference when comparing results.

5.2.2 Calibration procedure and diagnosis for the highest Cg

The measurable highest value of C¢ obtained from an almost perfect coherent light source as
specified in 5.2.1 shall be used for the highest Cg calibration as the Cg value closest to that for
a fully developed speckle (FDS; Cg = 1, see 3.1).

a) Place the LMD as indicated in Figure 4.

b) Sefthe coherent light source at the position of the “light source” in Figure 4.

c) The projection beam shall be collimated and the projected area shall be large)endugh to
overfill the measurement area.

d) Sef a screen and align the DUT and LMD at an appropriate angle %o avoid specular
reflection to the LMD.

e) Sefa polariser in front of the imaging lens.

f) Align the polarization plane of the polariser in the same direction as that of the cqherent
light source.

g) Fogus the LMD on the screen.

h) Capture the image. The exposure time shall be determined so as not to saturate the
imgging device.

i) Calculate the speckle contrast Cg in the same manner as in 5.1.3 g).

j) Report the obtained speckle contrast Cg

Polarizer '
(only for the highest Cg) Imaging lens

7
e

Specular

‘ reflection

Imagif
devicq

«

A}

B i

\
\

N e e e

PPL

(screen) Projection

lens

Light source

N IEC

Figure 4 — Example of measurement geometries for Cg calibration

The measured highest Cg value shall be larger than 0,97. Otherwise, the LMD shall be
adjusted to be larger than 0,97.

5.2.3  Calibration procedure and diagnosis for the lowest C

The measurable lowest value of Cg obtained from an incoherent light source such as an
incandescent lamp or a white LED with uniform illumination shall be used for the lowest Cg
calibration as the C value closest to that for the perfectly incoherent case of Cg = 0.

a) Place the LMD as indicated in Figure 4 (without the polariser).
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b) Set the incoherent light source at the position of the “light source” in Figure 4.

c) The projection beam shall be collimated and the projected area shall be large enough to
overfill the measurement area.

d) Align the DUT and LMD at an appropriate angle to avoid specular reflection to the LMD.

e) Focus the LMD on the screen.

f) Capture the image. The exposure time shall be determined so as not to saturate the
imaging device.

g) Calculate the speckle contrast Cg in the same manner as in 5.1.3 g).

h) Report the obtained speckle contrast Cj.

The m
adjusts

easured lowest Cg value shall be smaller than 0,02. Otherwise, the LMD shall be
d to be smaller than 0,02.
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Annex A
(informative)

Spectral behaviour of the LD

A.1 Spectral behaviour of a single-longitudinal mode LD

A single-longitudinal mode LD usually operates with a very narrow single spectral line
(longitudinal mode) as in Figure A.1. The relationship to speckle contrast is described in detail
by Goodman [1].

442 444 446 448
Wavetength (nm)

IEC

Figure A.1 — Example of spectral behaviour of a single-longitudinal mode LC

A.2 |Spectral behaviour of a multi-longitudinal mode LD

A mulfi-longitudinal made’ LD usually operates with a bunch of many spectral lineg as in
Figure|A.2. The relatienship to speckle contrast is described in detail by Goodman [1].

442 444 446 448

Wavelength (nm)
IEC

Figure A.2 — Example of spectral behaviour of a multi-longitudinal mode LD
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Annex B
(informative)

Recommendation on imaging sensor pixel size

The minimum subjective speckle grain size, s, is given as follows:

A

Ssubj = =——————
SU T 25in Gy

(B.1)

where Y1 is the wavelength of coherent beam and 6, is the half-angle between two.cgherent
beams|from opposite edges of the effective diameter of the imaging lens at the dmage [space.
Osupj N be given by:

D
Osubj = arctan(g) (B.2)

where [D is the iris diameter and f'is the focal length of the lens.*Assuming that f'is 50 mm and
Ais 53R nm, sq,; at various D values is given in Table B.1~Also s, is potted as a flinction
of the F-number (/D) in Table B.1 and Figure B.1.

Table B.1 — Example of sg,;,;

D (mm) Ssubj (HM)
0,4 66,5
0,8 33,3
1,2 22,2
14,6 16,6
2,0 13,3
2,4 11,1
2,8 9,5
3,2 8,3
3,6 7,4
4,0 6,7
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Figure B.1 — Minimum subjective speckle grain size as a function ©f'the F-number

To resplve the speckle, the CCD pixel size is required to be at least half the size

; D SSUbj
accordjing to the sampling theory [8].
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Annex C
(informative)

Fundamental formulation of speckle contrast
and the effects of measurement variables

Fundamental formulation

The formulation of speckle contrast is given by Goodman [1]. The speckle contrast, Cg, is
basically expressed as follows:

where,
Equati

where,

Iris 1S t

M+K+1 [Mexis
R A R

M is the temporal diversity, and K is the spatial diversity. Inythe case of M
bn (C.1) can be approximated by the following equation:

1 NAg

. r .
C ~ ~ creen-lris CS . 1#.‘1"? . N8screen—Iris

s / NApur -5
K NADUT—Screen Fresn

NApyT-screen 18 the numerical aperture of the projector illumination lens, and N4
hat of the imaging lens (see Figure 2). Equation (C.2) implies that Cg depends

Screen-
on the

projection distance, the observation distance, and other measurement variables. Thdrefore,

such v

An exd

C.2

NAScre

follows:

Figure

ariables should be carefully chosen when'Cg is measured.

mple of the effects of such variables is shown in Clause C.2.

Effect of observation.distance and iris radius

Ln-lris 1S redefined, (using the iris diameter D and the observation distance I

D/2

NAgcreen—Iris = 17
obs

C<Z shows an example of measurement results of Cg for a laser projector. C is

by cha

obs 28

(C.3)

plotted

halized

ainatha iric radinic Aand ~Ahocarvatinn Adictanosns Q1 Tha harioantal Aavic 1o tha nar
g gt e oo troo o o O o S ey atriormT Crota T eI e o= ot XTo ot e o

NAgcreen-1ris re€defined as Equation (C.3).


https://iecnorm.com/api/?name=777a60054cf0cc62fa90d57fbc086f8c

	CONTENTS
	FOREWORD
	1 Scope
	2 Normative references
	3 Terms, definitions and abbreviations
	3.1 Terms and definitions
	3.2 Abbreviations

	4 Standard measuring conditions
	4.1 General
	4.2 Standard measuring environmental conditions
	4.3 Measurement coordinate system
	4.4 Darkroom conditions
	4.5 Standard conditions of measuring equipment
	4.5.1 General
	4.5.2 Adjustment of LDD
	4.5.3 Conditions of measuring equipment

	4.6 Screen conditions
	4.6.1 General
	4.6.2 Report


	5 Measuring methods of speckle contrast
	5.1 Speckle contrast measurement of still image
	5.1.1 Purpose
	5.1.2 Measuring conditions
	5.1.3 Measuring the monochromatic speckle contrast of front projection
	5.1.4 Measuring the monochromatic speckle contrast of rear projection

	5.2 Calibration and diagnosis of the LMD
	5.2.1 General
	5.2.2 Calibration procedure and diagnosis for the highest Cs
	5.2.3 Calibration procedure and diagnosis for the lowest Cs


	Annex A  (informative)  Spectral behaviour of the LD
	A.1 Spectral behaviour of a single-longitudinal mode LD
	A.2 Spectral behaviour of a multi-longitudinal mode LD

	Annex B  (informative)  Recommendation on imaging sensor pixel size
	Annex C  (informative)  Fundamental formulation of speckle contrast  and the effects of measurement variables
	C.1 Fundamental formulation
	C.2 Effect of observation distance and iris radius

	Annex D  (informative)  Possible errors and their sources
	Bibliography
	Figures 
	Figure 1 – Coordinate system for projection direction and viewing direction
	Figure 2 – Example of measurement geometries for monochromatic speckle contrast of front projection
	Figure 3 – Example of measurement geometries for monochromatic speckle contrast of rear projection
	Figure 4 – Example of measurement geometries for Cs calibration
	Figure A.1 – Example of spectral behaviour of a single-longitudinal mode LD
	Figure A.2 – Example of spectral behaviour of a multi-longitudinal mode LD
	Figure B.1 – Minimum subjective speckle grain size as a function of the F-number
	Figure C.1 – Measurement result of Cs by changing NAscreen-Iris

	Tables 
	Table B.1 – Example of ssubj




