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P629-52-1 has been prepared by IEC technical committee 110: Electronic display

5. It is

an International Standard.

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

Draft Report on voting

110/1593/FDIS 110/1616/RVD

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

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

A list of all parts in the IEC 62629 series, published under the general title 3D 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 re¢onfirmed,
e withdrawn, or

e reyised.

IMPQRTANT - The "colour inside” logo on the cover page of this document indigates
that jt contains colours which are considered to be useful for-the correct understanding
of it contents. Users should therefore print this document using a colour printer
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3D DISPLAYS -

Part 52-1: Fundamental measurement methods of aerial display — Optical

1 Scope

This part of IEC 62629 specifies the standard measurement methods and measurement
condifforrs—fordetermiming—theopticatpropertiesof aeriat—disptays—Thisdocument—exgludes
image| quality of aerial displays, such as modulation transfer function (MTF) and resglution
measfirements.

2 Nprmative references

The fgllowing documents are referred to in the text in such a way that same’or all of their cpntent
constitutes requirements of this document. For dated references, onlylthe edition cited applies.
For L£ndated references, the latest edition of the referenced ‘document (including any
amendments) applies.

IEC 62629-1-2:2021, 3D display devices — Part 1-2: Generic— Terminology and letter symbols

ISO/CIE 19476, Characterization of the performancé of illuminance meters and lumipance
meterp

3 Terms, definitions, abbreviated terms and letter symbols

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in 62629-1-2 and the
follow|ng apply.

ISO gnd IEC maintain erminology databases for use in standardization at the following
addrepses:

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

e ISP Online“hrowsing platform: available at https://www.iso.org/obp

3.1.1

aerialldisplay
displa ; ; oproy f fght= assive

optical component to converge diverging light from the light-source

Note 1 to entry: Details of aerial display, including the principles and typical optical components to form a real
image, are given in IEC TR 62629-51-1 [1].

[SOURCE: IEC 62629-1-2:2021, 3.1.20, modified — in the definition, the term "display" is
removed from the light source description because the light source is not limited to display, and
Note 1 has been expanded.]

3.1.2

aerial image area

two-dimensional area in mid-air where the aerial display exhibits information via electrically
generated images


https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=3ac194afe8ea730756914c148547a0e2
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3.1.3

design viewing space
three-dimensional space within which the user places both eyes and can see the entire aerial

image

area

Note 1 to entry: Unlike the eye box of the eyewear display, the design viewing space of the aerial display
has no upper limit in the viewing distance; the width and height are quite larger than the interpupillary distance. Both
eyes of the viewer in the design viewing space will see the entire aerial image area meet a specified performance

metric.

3.1.4

design viewing position

usually

ance

when

Note 1

3.1.5
hard
desig
Note 1

Note 2
centre

3.1.6

rTorooot

Lusing an aerial display

o entry: The design viewing position is not limited to the front centre of the aerial image area.

are reference point
location on the aerial display hardware that is used for the origin’ of‘the coordinat

o entry: The hardware reference point serves as the origin location of the‘measurement.

to entry: The design viewing position is located along the line fram_the hardware reference poin
bf the aerial image area.

floating distance

distan

3.1.7
desig
<aeris

Note 1
betwee

3.2
AlA
CCD
DUT
DVP
DVS
HRP

ce from the centre of the aerial image area toithe hardware reference point

h viewing distance
| display> distance from the designviewing position to the centre of the aerial imag

to entry: The summation of the design viewing distance and the floating distance becomes the d
h the hardware reference point and the design viewing position.

Abbreviated terms
aerial image area
charge-coupléd)device
device under-test
designdviewing position
design’viewing space

hardware reference point

Lot

to the

e area

istance

LMD

MTF

. 3 .
Ilulll nmrecaoul IIIH UcTVviuT

modulation transfer function
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3.3 Letter symbols (quantity symbols and units)

The letter symbols for aerial displays are shown in Table 1.

Table 1 — Letter symbols (quantity symbols and units)

Quantities Symbols Units
Measuring point (i = 0: centre) P;
Luminance Ly cd/m2
Maximum luminance Lmax cd/m”
Minimum luminance Lmin cd/m”
Average luminance (spatial) Ly cd/m2
Luminance non-uniformity NU
Contrast ratio CR

4 Standard measurement conditions

4.1 Standard environmental conditions

Unles$ otherwise specified, all tests and measurementsfor aerial displays shall be carri
after qufficient warm-up time for the illumination sources ‘and DUT (see 4.3), under the stg
envirgnmental conditions as follows:

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

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

4.2 |Power supply

In order to stabilize the performances of the DUT, the power supply for driving the DUT
be adEsted in accordance with the specification of the DUT.

NOTE |[When the DUTis driven by the battery, it is less susceptible to power supply fluctuations.

4.3 [Warm:up time

ed out
ndard

shall

h time

The optical performances of the DUT can be affected by the temperature. It takes a certai
for thé inan i i P

is not

within £3 % variation, it shall be reported. All measuring conditions shall be kept constant during

the measurements.

NOTE If the measuring result does not become steady state, it might be influenced by the output fluctuation of the

DUT or fluctuation of the LMD such as noise, or both.

4.4 Darkroom condition

The luminance contribution from the background in the test room reflected off the measurement
space shall be less than 1/20 of minimum luminance output from the DUT. If the condition is

not satisfied, then background subtraction is required, and it shall be noted in the report.
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5 Measurement systems

5.1 Measurement equipment
5.1.1 Goniometer

A biaxial goniometer shall be assembled to be capable of measuring the azimuth (horizontal)
and elevation (vertical) angles. The angular accuracy should be 0,1° or less. A translation stage
can be applied to move the position of the biaxial goniometer.

5.1.2 Light measuring device (LMD)

The configurations and operating conditions of the equipment should comply with the struptures
speciffed in each item. To ensure the accurate measurements, the following requirement$ shall
be applied. Otherwise, the differences shall be noted in the report. ISO/CIE 19476]is available
for refierence to the LMD evaluation procedures.

The optics of the LMD (a spot LMD or a 2D imaging LMD) shall be equivalént to the humah eye.
The LMD shall be equipped with the finder. The position of the entrance pupil (aperture)|of the
LMD ghall be provided by the manufacturer or the supplier. The entrance pupil size of the LMD
should be set between 2 mm and 5 mm. The LMD to measure the optical characteristic$ such
as luminance and colour shall be calibrated with the appropriate~photometric or spectrometric
standards. The LMD should be carefully checked before, megasurements, considerirlg the
follow|ng points:

— sepsitivity of the measured quantity to measuring light;
— erfors caused by veiling glare and lens flare (i.eJ. scatters in the LMD optical system};
— timing of data-acquisition, low-pass filtering,and aliasing-effects;
— linparity of detection and data-conversiony

— measurement field size (number of the image pixels).

The LMD shall be located on the gomiometer. The goniometer rotation centre shall be Igcated
at the|centre of the LMD entrance pupil.

NOTE If the eye box is small and.the influence of the eye-ball rotation is taking place, the rotation centrg of the
goniomgter is located 10 mm behind the LMD entrance pupil, along the LMD optical axis to simulate the ¢ye-ball
rotation] centre location. Unlike.the eye box of eyewear display, however, the design viewing space of the aerial
display|is usually larger than the interpupillary distance. Thus, the influence of eye-ball rotation does not tak¢ place.

The 2D imaging LMD (using a two-dimensional sensor such as CCD) can be used fpr the
measyrements.{However, the valid measurement field angle of the 2D imaging LMD shall be
confirmed and the peripheral image of the 2D imaging LMD shall confirm the free of vigngtting.
When| the~2D* imaging LMD is applied, the measurement results such as luminancg and
chromaticity’ should correspond to those of the spot LMD. The specification of the LMO used
shall pennoted in the measurement report.

NOTE 2 The fields of view of some 2D imaging LMDs are affected by the smaller entrance aperture.

NOTE 3 The 2D imaging LMD can cause moiré because it is composed of a pixel array.

When a spectroradiometric type LMD such as a spectral radiance meter is used, the wavelength
range shall be at least 380 nm to 780 nm, the spectral bandwidth shall be 5 nm or smaller, and
the wavelength accuracy shall be less than or equal to 0,3 nm.

NOTE 4 CIE 250 [2]" and CIE 233 [3] provide detailed use and measurement uncertainty information for
measurements with spectroradiometers.

" Numbers in square brackets refer to the Bibliography.
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When a filter type LMD such as a luminance meter is used, to ensure the luminance accuracy
for the intended DUT light sources, its spectral responsivity should comply with the spectral
luminous efficiency for CIE photopic vision, or it should be compared with a calibrated
spectrometer. The spectral mismatch correction factor can be applied, if necessary.

NOTE 5 CIE-/1" indicates the spectral mismatch factor between the spectral responsivity of the filter type LMD and
the CIE photopic luminous efficiency function with CIE Illuminant A as the reference spectral power distribution. The
detail of spectral mismatch correction factor is given in ISO/CIE19476.

When a filter type LMD such as a colorimeter is used, to ensure the colour accuracy for the
intended DUT light sources, its spectral responsivity should comply with the CIE colour-
matching functions for the CIE 1931 standard colorimetric observer (see ISO/CIE 11664-1 [4])

or it smmmwmmmmmmwn be
applie[d, if necessary. The filter type LMD shall not be used for the absolute colour quantities

but fof the relative colour quantities such as colour uniformity.

5.2 |Test patterns
5.21 General

The fqllowing test patterns shall be applied, and the applied test pattern shall be noted|in the
reportl When other test patterns are applied, they shall be noted in the report.

NOTE [ The test pattern will be clearly visible within the design viewing space.
5.2.2 Geometrical test pattern

The geometrical test pattern with vertical, horizontaland diagonal lines is shown in Figure 1.
This tpst pattern shall be used in the measurement methods in the position and size [of the
aeriallimage area (AlA). The standard nine locations of this test pattern are the image dentre,
the cqrners and the midpoints of each edge.(The centre location is denoted by Bj. Thg eight

locatigns on the boundary of the AIA are numbered from 1 to 8 and denoted by from B, to Bg
as shown in Figure 1.

N

Figure 1 — Geometrical test pattern with vertical, horizontal and diagonal lines

B,

B3
IEC
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5.2.3 Solid colour patterns

The solid colour patterns can be used for measuring the optical qualities. The colours should
be defined in terms of the display primaries, and the white and black solid patterns are used in
this measurement method. The pattern (full screen) fills with a single colour.

5.3 Measuring points

The centre point (1 point) or the multi-point (5 points or 9 points) measurement shall be applied,
which is provided by the manufacturer or supplier. The measuring point(s) of 1 point, 5 points,
and 9 points measurements are P, from P, to P4, and from P to Pg, respectively, as shown in

Figure When
using pther measuring points, the manufacturer or the supplier should point out these posijtions.
Appligd measuring points are defined in each measuring item. If other measuring-poi
applied, this shall be defined in the relevant specification.

NOTE The centre point measurement is carried out to measure the typical characteristics of-the DUT. The % points
and 9 points measurements are carried out to measure the deviations, averages, and unifermities.

NOTE 2 Figure 2 shows that the aerial image area is formed in a precise rectangular shape. In genefal, the
measurng points are the positions that are 10% inside of the boundaries, as defined by Formula (4).

H/2

VI2
V10

Pg ‘PO Pe
O -

- ﬁ!}i“ ————— S @Pi oy
i | H/10 I |

A
Y

IEC

Figure 2 — Measuring points for the centre and multi-point measurement

5.4 |Standard coordinate system

To indicate the positional relationship among the aerial display hardware, the AIA, design
viewing space (DVS), and spherical coordinates system (r, 6, ¢) shall be used by use of radial
distance r, azimuth angle ¢, and elevation angle 6, as shown in Figure 3. The relation between
the spherical coordinate system and three-dimensional Cartesian coordinates system (x, y, z)
is shown in Figure 3.
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“
A > xy-plane

IEC

Higure 3 — Relation between the spherical coordinate system and the Cartesian
coordinate system

The Clartesian coordinate system should be used if necessary. The position vector of a pgoint E
is expressed by coordinate conversion between the spherical coordinate system arnd the
Cartegian coordinate system:

X rsinfcosg
E=|y|=| rsinfsing

z rcosé
r:\/x2+y2+22
(1)
6 =cos™ - 2
\/xz +y2 + 22

0~ tan™ (Xj
X

The fqllowing information.shall be provided by the manufacturer or the supplier:

o the position of the_hardware reference point,
e the coordinates;of the design viewing position, and
e th¢ coordinates of the four end points of the design viewing space (E4, E,, E3 and Ey4).

As showr in Figure 4, The origin O of the spherical coordinates system shall be located|at the
hardwlare reference pninf (I—IPD)

The z-axis is defined as the line from the origin O to the DVP through the centre of the AlA, and
the z-axis is the zenith reference axis. The x-axis, which is the azimuth reference axis, is parallel
to the line from B to Bg on the aerial image of Figure 1, orthogonal to the z-axis, and passes

through the origin 0. The y-axis is defined to be orthogonal to the x-axis and the z-axis and to
compose the right-handed coordinate system.

NOTE The xy-plane is orthogonal to the z-axis and therefore is not always parallel to the hardware surface.

The floating distance, design viewing position, and the end points of the design viewing space
(DVS) are shown in Figure 4. The end points, E; and E, correspond to the marginal point in the

negative direction and the marginal point in the positive direction in the x-direction, respectively.
The end points, E5 and E, correspond to the marginal point in the negative direction and the

marginal point in the positive direction in the y-direction, respectively.
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The following procedures can be applied to setup the coordinate system:

1) The geometrical test pattern (Figure 1) is shown. B, indicates the centre of aerial image
area in Figure 4.

2) The z-axis is along the direction where the HRP and B overlap. The origin of the z-axis is
the HRP. Its positive direction is the direction from the HRP to By.

3) The DVP is on the z-axis and located at the design viewing distance from B,.

4) The x-axis is the projection of the line from B to Bg on the plane that is orthogonal to the z-

axis and contains the HRP. Its origin is the HRP, and the positive direction is the direction
from RU to Ro

5) The y-axis is on the plane that is orthogonal to the z-axis and contains the HRP, Mhe]origin
of [the y-axis is the HRP. The direction of the y-axis is orthogonal to the x-axis apd the
positive direction is defined to compose the right-handed coordinate system:
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Figure 4 — Definition of floating distance and end points of design viewing space of
aerial display

6 Measurement methods for optical characteristics

6.1 General

The purpose of the measurements for optical characteristics is to evaluate the position and size
of the AlA, floating distance, luminance, contrast ratio and chromaticity.
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6.2 Preparations

The aerial display to be measured (DUT) should be placed in the measurement setup in the
darkroom condition specified in 4.4.

The DUT's adjustable conditions, which are related to optical properties, shall be specified by
a manufacturer or a supplier and reported. Some DUTs use image processing and if a setting
for the image processing is also adjustable, the default setting specified by the manufacturer,
or the supplier shall be applied and reported.

The focus of the LMD shall be adjusted through the image finder to become the clear aerial
image—A—raster—pattern—with—a—high—resolution—{e-g—one-by-ore—pixettrne-pai A
appropriate for the DUT and provided by the manufacturer or the supplier, can be appl
adjustment of the LMD focus.

The optical measurement capabilities of the LMD, such as luminance and spectral radjance,
should be traceable to national metrology standards under the same conditions (for example
entrarjce pupil size, measurement field angle and focus distance in sometsfructures).

The optical quantities at different measuring points (directions) shoudld be measured @t the
steady state after the required time specified in 4.3.

6.3 |Position and size of aerial image area and floating-distance
6.3.1 General

The pprpose of this method is to measure the three~dimensional position and size of the|aerial
image| area and the floating distance.

6.3.2 Measurement procedure
The fqllowing procedure shall be applied:

1) Show the geometrical test pattern with vertical, horizontal and diagonal lines (Figure(1).

2) Place an LMD on the biaxiahgoniometer (see 5.1.1) whose centre is placed at E; (orje end
of the DVS in the x-axis direction), as shown in Figure 5.

NOTE [To make the calculation easier, the spherical coordinate system of the biaxial goniometer can be the same
as that|defined in 5.4. This can be executed by the following procedure: (1) the azimuth and elevation anglep of the
biaxial goniometer are ¢hanged so that the LMD is turned toward the origin (HRP), and (2) the azimuth and ellevation
angles pf the biaxial-goniometer are calibrated using the azimuth and elevation angles of E, (these angles afe given

by the fnanufactureri.or the supplier as explained in 5.4).

3) Adjust the*LMD direction to By and the focus of the LMD.

4) Rgcord the azimuth and elevation angles of the biaxial goniometer toward the 9 stgndard
locations(By to Bgomthe AtA)Hf mecessary, the focus of the tMbDTambeadjustedto each

standard location.

5) Move the centre of the biaxial goniometer at E, (the other end of the DVS in the x-axis
direction).

6) Record the azimuth and elevation angles of the biaxial goniometer toward the 9 locations
(Bg to Bg on the AlA).

E, and E, shall be applied to this measurement. However, if other points are applied, these
points shall be reported.

6.3.3 Calculation

Calculate the coordinates of the 9 locations based on the triangulation.


https://iecnorm.com/api/?name=3ac194afe8ea730756914c148547a0e2

- 16 - IEC 62629-52-1:2024 © |IEC 2024

The coordinates of the crosspoint (x, y, z) between the two lines are obtained by the following
system of formulae.

YXE1-X __ YTV _FE17Z
sinf;cosg,; sinf;sing; cosé,

YE2~X _ YE2—YV _ZE2” %
sinf, cosg, sinf,sing,  cosby

where
(xg1, )
(*e2, )
(64, 4
(6s, ¢

Calcu
Calcu

6.3.4

The fqg

E1> ZE1)  are the coordinates of Ey;

E2 Zg2)  are the coordinates of E;

1) are the azimuth and elevation angles of the goniometerat E,; and
5) are the azimuth and elevation angles of the goniometer at E,

ate the horizontal size and the vertical size of the AIA.

ate the floating distance as the distance between the HRP and the centre of the A

Report

llowing items shall be reported:

- thI coordinates of the 9 locations;

— th
B4

horizontal, vertical and diagonal:size of the AIA (the size of B, to B,, Bg to Bg, By
to B4, Bsto B4, B, to B, B4 to B3, B, to B,); and

— the floating distance.

(2)

3)

A.

to By,
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Figure 5 — Measuring the aerial image positions

6.4 |[Luminance and luminance non-uniformity.

6.4.1 General

The pprpose of this method is to measurelthe luminance and luminance non-uniformity |of the
aerial|display. The standard measuremént conditions (see Clause 4), standard coorfinate
system (see 5.4), measurement equipment (see 5.1) and solid colour patterns (see 5.2.3)) shall
be applied.

In thif measurement, the luminance and luminance non-uniformity are measured at the] DVP.
The D|VP is one of the vantage points of the aerial displays, and the vantage point measurgment
is applied.

6.4.2 Measurement procedure

The Iyminance values, Ly, of the 9 points on the AlA (see 5.3) are measured as follows:

1) Place, the LMD at the DVP

2) AdjustthetMbB-direction-to-thepointPyand-thefecusof-theHMb-

3) Show the solid black pattern and measure the minimum luminance at the point P,. Turn off

the DUT and measure the background luminance and confirm the background luminance is

less than 1/20 of the minimum luminance of the DUT.
4)
5)
6)

Show the solid white pattern.
Measure luminance Ly, at the point Py,

From the coordinates of the 9 locations (B, By, ...
follows:

, Bg), calculate the position vector P; as

5

P.

1

(4)
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7) Adjust the LMD direction to point P, (i = 1 to 8) and the focus of the LMD.

8) Measure luminance Ly, at the point P; (i = 1 to 8).
When the size of AlA is small, 5 points measurements may be applied.

6.4.3 Calculation

The average luminance value Ly, the luminance deviation 4L,;, and the luminance non-
uniformity NU are calculated by using the following formulae:

18
Ly, = §Zi=0LVi (5)
ALy; = Ly; — Lya (6)
NU = Linax = Lmin (7)
max

where

Ly; is the luminance value at point P;
Ly, is the average luminance value;

ALy; is the luminance deviation at point Rj;

Lmax | is the maximum luminance valug; and

Lin is the minimum luminance walue.

6.4.4 Report

The fgllowing items shall be reported:

— cajculated 9 points P;;

— lurpinance Ly, and luminance deviation ALy, of each point P;;

— avprage luminance Ly,;

— lumipance non-uniformity NU x 100 (%); and

L N HH ' ol T
- U oSpTulITiLalivull altu SstTilinly.

The measured result can be summarised as shown in Table 2.
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Table 2 - Example of measurement results of luminance and luminance non-uniformity

6.5
6.5.1

The p
ratio (

. . Luminance
Measuring point Ly, (cd/m?)
Vi
Po 115
P, 107
P, 111
Py 108
Py 106
Py 113
Ps 115
P, 110
Pg 111
Average luminance 111
Ly, (cd/m?)
Luminance non-uniformity 5 8%
NU % 100 (%) ’

Contrast ratio
General

Lrpose of this method is to measure’the contrast ratio of the aerial display. The cg
epends on the luminance of the AIA and the background caused by stray lights

standxrd measurement conditions (see Clause 4), standard coordinate system (se€g

meas
The c

6.5.2
The c

1) PI
2) Ad

rement equipment (see 5.4)*and solid colour patterns (see 5.2.3) shall be applied,
bntrast ratio of the AlA is measured at the DVP.

Measurement procedure
bntrast ratio.is measured as follows:

bce the-LMD at the design viewing position.

just the LMD direction to the point Py and the focus of the LMD.

3) Show the solid white pattern.

4) Measure luminance Ly at point P,

5) Show the solid black pattern.

6) Measure luminance Lgq at point Py,

7) Adjust the LMD direction to point P, (i = 1 to 8) and the focus of the LMD.

ntrast
. The
5.4),

8) Measure luminance Lyy; and Lg; at point P; (i = 1 to 8), showing the solid white and black

pa

tterns, respectively.

When the size of AlA is small, the 5 points measurements at point P, (i = 0 to 4) may be applied.
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Calculation

The contrast ratio at the point P; (i = 0 to 8) is calculated as follows:

CR, = W ®)
i
where
Ly, psthetuminancevatue-of-white-atpeintP=:
Lg; s the luminance value of black at point P;; and
CR; s the contrast ratio at point P,.
6.5.4 Report
The fgllowing items shall be reported:
— coptrast ratio CR; at each point P;
— luminance value of white Ly; at each point P;;
— luminance value of black Lg; at each point P;; and
— the¢ LMD specification and setting.
6.6 |[Chromaticity and white chromaticity
6.6.1 General
The pprpose of this method is to evaluatethe chromaticity and white chromaticity of th¢ DUT
as vigwed from the DVP. In the case, “of multi-primary displays, the chromaticity shjall be
measyred by white and the primary c6lours at maximum input of the RGB channels in sequence

and m

ay also include a measurement of the secondary colours.

The s

measyirement equipment (see 5.2), and solid colour patterns (see 5.2.3) shall be applie
LMD that can measure/Colour quantities shall be used.

The clromaticity.and white chromaticity of the AIA are measured at the design viewing po

6.6.2

Measuring procedures

andard measurement, conditions (see Clause 4), standard coordinate system (se¢ 5.1),

. The

Sition.

Measuyrédthe chromaticity of the DUT using the following procedure:

1) Place the LMD at the DVP and adjust the optical axis of the LMD orientated to the point P
and the focus of the LMD.

2) Show the full-screen pattern (white, red, green or blue) on the DUT. Allow the luminance to
stabilize.

3) Measure the chromaticity coordinates (xp, yp) for solid colour of white (p = W).

4) Repeat from 2) for other solid colours or red, green and blue (p = R, G, B).
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