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INTERNATIONAL ELECTROTECHNICAL COMMISSION 

____________ 

 
3D DISPLAYS – 

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

 
FOREWORD 

1) The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising 
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote international 
co-operation on all questions concerning standardization in the electrical and electronic fields. To this end and 
in addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Reports, 
Publicly Available Specifications (PAS) and Guides (hereafter referred to as "IEC Publication(s)"). Their 
preparation is entrusted to technical committees; any IEC National Committee interested in the subject dealt with 
may participate in this preparatory work. International, governmental and non-governmental organizations liaising 
with the IEC also participate in this preparation. IEC collaborates closely with the International Organization for 
Standardization (ISO) in accordance with conditions determined by agreement between the two organizations. 

2) The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international 
consensus of opinion on the relevant subjects since each technical committee has representation from all 
interested IEC National Committees.  

3) IEC Publications have the form of recommendations for international use and are accepted by IEC National 
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC 
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any 
misinterpretation by any end user. 

4) In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications 
transparently to the maximum extent possible in their national and regional publications. Any divergence between 
any IEC Publication and the corresponding national or regional publication shall be clearly indicated in the latter. 

5) IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity 
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any 
services carried out by independent certification bodies. 

6) All users should ensure that they have the latest edition of this publication. 

7) No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and 
members of its technical committees and IEC National Committees for any personal injury, property damage or 
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and 
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC 
Publications.  

8) Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is 
indispensable for the correct application of this publication. 

9) IEC draws attention to the possibility that the implementation of this document may involve the use of (a) 
patent(s). IEC takes no position concerning the evidence, validity or applicability of any claimed patent rights in 
respect thereof. As of the date of publication of this document, IEC had not received notice of (a) patent(s), which 
may be required to implement this document. However, implementers are cautioned that this may not represent 
the latest information, which may be obtained from the patent database available at https://patents.iec.ch. IEC 
shall not be held responsible for identifying any or all such patent rights. 

IEC 62629-52-1 has been prepared by IEC technical committee 110: Electronic displays. 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 

• reconfirmed, 

• withdrawn, or 

• revised. 

 

IMPORTANT – The "colour inside" logo on the cover page of this document indicates 
that it contains colours which are considered to be useful for the correct understanding 
of its 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 
conditions for determining the optical properties of aerial displays. This document excludes 
image quality of aerial displays, such as modulation transfer function (MTF) and resolution 
measurements. 

2 Normative references 

The following documents are referred to in the text in such a way that some or all of their content 
constitutes requirements of this document. For dated references, only the edition cited applies. 
For undated 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 performance of illuminance meters and luminance 
meters 

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 
following apply. 

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

• IEC Electropedia: available at https://www.electropedia.org/ 

• ISO Online browsing platform: available at https://www.iso.org/obp 

3.1.1  
aerial display 
display that forms a real image in mid-air by use of an incoherent light-source and a passive 
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 
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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 usually 
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 
design location at which the midpoint of both eyes is placed to achieve the optimal performance 
when using an aerial display 

Note 1 to entry: The design viewing position is not limited to the front centre of the aerial image area. 

3.1.5  
hardware reference point 
design location on the aerial display hardware that is used for the origin of the coordinates 

Note 1 to entry: The hardware reference point serves as the origin location of the measurement. 

Note 2 to entry: The design viewing position is located along the line from the hardware reference point to the 
centre of the aerial image area. 

3.1.6  
floating distance 
distance from the centre of the aerial image area to the hardware reference point 

3.1.7  
design viewing distance 
<aerial display> distance from the design viewing position to the centre of the aerial image area 

Note 1 to entry: The summation of the design viewing distance and the floating distance becomes the distance 
between the hardware reference point and the design viewing position. 

3.2 Abbreviated terms 
AIA aerial image area 
CCD charge-coupled device 
DUT device under test 
DVP design viewing position 
DVS design viewing space 
HRP hardware reference point 
LMD light measuring device 
MTF modulation transfer function 
  

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 62

62
9-5

2-1
:20

24

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


 – 8 – IEC 62629-52-1:2024 © IEC 2024 

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) Pi  

Luminance Lv cd/m
2
 

Maximum luminance Lmax cd/m
2
 

Minimum luminance Lmin cd/m
2
 

Average luminance (spatial) Lva cd/m
2
 

Luminance non-uniformity NU  

Contrast ratio CR  

 

4 Standard measurement conditions 

4.1 Standard environmental conditions 

Unless otherwise specified, all tests and measurements for aerial displays shall be carried out 
after sufficient warm-up time for the illumination sources and DUT (see 4.3), under the standard 
environmental 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 shall 
be adjusted in accordance with the specification of the DUT. 

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

4.3 Warm-up time 

The optical performances of the DUT can be affected by the temperature. It takes a certain time 
for the luminance output of the DUT to achieve a steady state. If the luminance output 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 structures 
specified in each item. To ensure the accurate measurements, the following requirements shall 
be applied. Otherwise, the differences shall be noted in the report. ISO/CIE 19476 is available 
for reference to the LMD evaluation procedures. 

The optics of the LMD (a spot LMD or a 2D imaging LMD) shall be equivalent to the human eye. 
The LMD shall be equipped with the finder. The position of the entrance pupil (aperture) of the 
LMD shall 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 characteristics such 
as luminance and colour shall be calibrated with the appropriate photometric or spectrometric 
standards. The LMD should be carefully checked before measurements, considering the 
following points: 

– sensitivity of the measured quantity to measuring light; 
– errors caused by veiling glare and lens flare (i.e., scatters in the LMD optical system); 
– timing of data-acquisition, low-pass filtering and aliasing-effects; 
– linearity of detection and data-conversion; 
– measurement field size (number of the image pixels). 

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

NOTE 1 If the eye box is small and the influence of the eye-ball rotation is taking place, the rotation centre of the 
goniometer is located 10 mm behind the LMD entrance pupil, along the LMD optical axis to simulate the eye-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 take place. 

The 2D imaging LMD (using a two-dimensional sensor such as CCD) can be used for the 
measurements. 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 vignetting. 
When the 2D imaging LMD is applied, the measurement results such as luminance and 
chromaticity should correspond to those of the spot LMD. The specification of the LMD used 
shall be noted 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] 1  and CIE 233 [3] provide detailed use and measurement uncertainty information for 
measurements with spectroradiometers. 

___________ 
1 Numbers in square brackets refer to the Bibliography. 

IECNORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 IE
C 62

62
9-5

2-1
:20

24

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


 – 10 – IEC 62629-52-1:2024 © IEC 2024 

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-f1' 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 should be compared with a calibrated spectrometer. The colour correction factors can be 
applied, if necessary. The filter type LMD shall not be used for the absolute colour quantities 
but for the relative colour quantities such as colour uniformity. 

5.2 Test patterns 

5.2.1 General 

The following test patterns shall be applied, and the applied test pattern shall be noted in the 
report. 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, horizontal and diagonal lines is shown in Figure 1. 
This test pattern shall be used in the measurement methods in the position and size of the 
aerial image area (AIA). The standard nine locations of this test pattern are the image centre, 
the corners and the midpoints of each edge. The centre location is denoted by B0. The eight 
locations on the boundary of the AIA are numbered from 1 to 8 and denoted by from B1 to B8 
as shown in Figure 1. 

 

Figure 1 – Geometrical test pattern with vertical, horizontal and diagonal lines 
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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 P0, from P0 to P4, and from P0 to P8, respectively, as shown in 
Figure 2. H and V shall be the horizontal size and vertical size of the AIA, respectively. When 
using other measuring points, the manufacturer or the supplier should point out these positions. 
Applied measuring points are defined in each measuring item. If other measuring points are 
applied, this shall be defined in the relevant specification. 

NOTE 1 The centre point measurement is carried out to measure the typical characteristics of the DUT. The 5 points 
and 9 points measurements are carried out to measure the deviations, averages, and uniformities. 

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

 

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, θ,  ϕ) shall be used by use of radial 
distance r, azimuth angle ϕ , and elevation angle θ, 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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Figure 3 – Relation between the spherical coordinate system and the Cartesian 
coordinate system 

The Cartesian coordinate system should be used if necessary. The position vector of a point E 
is expressed by coordinate conversion between the spherical coordinate system and the 
Cartesian coordinate system: 
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The following information shall be provided by the manufacturer or the supplier: 

• the position of the hardware reference point,  

• the coordinates of the design viewing position, and 

• the coordinates of the four end points of the design viewing space (E1, E2, E3 and E4). 

As shown in Figure 4, The origin O of the spherical coordinates system shall be located at the 
hardware reference point (HRP). 

The z-axis is defined as the line from the origin O to the DVP through the centre of the AIA, and 
the z-axis is the zenith reference axis. The x-axis, which is the azimuth reference axis, is parallel 
to the line from B0 to B6 on the aerial image of Figure 1, orthogonal to the z-axis, and passes 
through the origin O. 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, E1 and E2 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, E3 and E4 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. B0 indicates the centre of aerial image 
area in Figure 4. 

2) The z-axis is along the direction where the HRP and B0 overlap. The origin of the z-axis is 
the HRP. Its positive direction is the direction from the HRP to B0. 

3) The DVP is on the z-axis and located at the design viewing distance from B0. 

4) The x-axis is the projection of the line from B0 to B6 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 B0 to B6. 

5) The y-axis is on the plane that is orthogonal to the z-axis and contains the HRP. The origin 
of the y-axis is the HRP. The direction of the y-axis is orthogonal to the x-axis and 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 AIA, 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-one pixel line-pair) which is 
appropriate for the DUT and provided by the manufacturer or the supplier, can be applied for 
adjustment of the LMD focus. 

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

The optical quantities at different measuring points (directions) should be measured at 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 purpose 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 following procedure shall be applied: 

1) Show the geometrical test pattern with vertical, horizontal and diagonal lines (Figure 1). 
2) Place an LMD on the biaxial goniometer (see 5.1.1) whose centre is placed at E1 (one 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 angles of the 
biaxial goniometer are changed so that the LMD is turned toward the origin (HRP), and (2) the azimuth and elevation 
angles of the biaxial goniometer are calibrated using the azimuth and elevation angles of E1 (these angles are given 
by the manufacturer, or the supplier as explained in 5.4). 

3) Adjust the LMD direction to B0 and the focus of the LMD. 

4) Record the azimuth and elevation angles of the biaxial goniometer toward the 9 standard 
locations (B0 to B8 on the AIA). If necessary, the focus of the LMD can be adjusted to each 
standard location. 

5) Move the centre of the biaxial goniometer at E2 (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 
(B0 to B8 on the AIA). 

E1 and E2 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. 
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The coordinates of the crosspoint (x, y, z) between the two lines are obtained by the following 
system of formulae. 

 E1 E1 E1

1 1 1 1 1sin cos sin sin cos
x x y y z z
θ φ θ φ θ

− − −
= =  (2) 

 E2 E2 E2

2 2 2 2 2sin cos sin sin cos
x x y y z z
θ φ θ φ θ

− − −
= =  (3) 

 

where 
(xE1, yE1, zE1) are the coordinates of E1; 

(xE2, yE2, zE2) are the coordinates of E2; 

(θ1,  ϕ1) are the azimuth and elevation angles of the goniometer at E1; and 

(θ2,  ϕ2) are the azimuth and elevation angles of the goniometer at E2. 

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

Calculate the floating distance as the distance between the HRP and the centre of the AIA. 

6.3.4 Report 

The following items shall be reported: 

– the coordinates of the 9 locations; 
– the horizontal, vertical and diagonal size of the AIA (the size of B1 to B2, B6 to B8, B3 to B4, 

B1 to B4, B5to B7, B2 to B3, B1 to B3, B2 to B4); and 

– the floating distance. 
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Figure 5 – Measuring the aerial image positions 

6.4 Luminance and luminance non-uniformity 

6.4.1 General 

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

In this measurement, the luminance and luminance non-uniformity are measured at the DVP. 
The DVP is one of the vantage points of the aerial displays, and the vantage point measurement 
is applied. 

6.4.2 Measurement procedure 

The luminance values, LVi, of the 9 points on the AIA (see 5.3) are measured as follows: 

1) Place the LMD at the DVP. 
2) Adjust the LMD direction to the point P0 and the focus of the LMD. 

3) Show the solid black pattern and measure the minimum luminance at the point P0. 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) Show the solid white pattern. 
5) Measure luminance LV0 at the point P0. 

6) From the coordinates of the 9 locations (B0, B1, …, B8), calculate the position vector Pi as 
follows: 

 0 4
5

i
i

+
=

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

8) Measure luminance LVi at the point Pi (i = 1 to 8). 

When the size of AIA is small, 5 points measurements may be applied. 

6.4.3 Calculation 

The average luminance value LVa, the luminance deviation ∆LVi, and the luminance non-
uniformity NU are calculated by using the following formulae: 

 8
Va 0 V

1=
9 i iL L=∑  (5) 

 V V Va=i iL L L∆ −  (6) 

 max min

max
=

L L
NU

L
−

 (7) 

 

where 

iLV  is the luminance value at point Pi; 

LVa  is the average luminance value; 

ViL∆  is the luminance deviation at point Pi; 

maxL  is the maximum luminance value; and 

minL  is the minimum luminance value. 

6.4.4 Report 

The following items shall be reported: 

– calculated 9 points Pi; 

– luminance LVi and luminance deviation ∆LVi of each point Pi; 

– average luminance LVa; 

– luminance non-uniformity NU  x 100 (%); and 

– LMD specification and setting. 

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 

Measuring point 
Luminance 
LVi  (cd/m2) 

P0 115 

P1 107 

P2 111 

P3 108 

P4 106 

P5 113 

P6 115 

P7 110 

P8 111 

Average luminance 
LVa (cd/m2) 

111 

Luminance non-uniformity 
NU × 100 (%) 7,82 

 

6.5 Contrast ratio 

6.5.1 General 

The purpose of this method is to measure the contrast ratio of the aerial display. The contrast 
ratio depends on the luminance of the AIA and the background caused by stray lights. The 
standard measurement conditions (see Clause 4), standard coordinate system (see 5.4), 
measurement equipment (see 5.1) and solid colour patterns (see 5.2.3) shall be applied. 

The contrast ratio of the AIA is measured at the DVP. 

6.5.2 Measurement procedure 

The contrast ratio is measured as follows: 

1) Place the LMD at the design viewing position. 
2) Adjust the LMD direction to the point P0 and the focus of the LMD. 

3) Show the solid white pattern. 
4) Measure luminance LW0 at point P0. 

5) Show the solid black pattern. 
6) Measure luminance LB0 at point P0. 

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

8) Measure luminance LWi and LBi at point Pi (i = 1 to 8), showing the solid white and black 
patterns, respectively. 

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

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

 W

B
= i

i
i

L
CR

L
 (8) 

 

where 
LWi is the luminance value of white at point Pi; 

LBi is the luminance value of black at point Pi; and 

CRi is the contrast ratio at point Pi. 

6.5.4 Report 

The following items shall be reported: 

– contrast ratio CRi at each point Pi; 

– luminance value of white LWi at each point Pi; 

– luminance value of black LBi at each point Pi; and 

– the LMD specification and setting. 

6.6 Chromaticity and white chromaticity 

6.6.1 General 

The purpose of this method is to evaluate the chromaticity and white chromaticity of the DUT 
as viewed from the DVP. In the case of multi-primary displays, the chromaticity shall be 
measured by white and the primary colours at maximum input of the RGB channels in sequence 
and may also include a measurement of the secondary colours. 

The standard measurement conditions (see Clause 4), standard coordinate system (see 5.1), 
measurement equipment (see 5.2), and solid colour patterns (see 5.2.3) shall be applied. The 
LMD that can measure colour quantities shall be used. 

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

6.6.2 Measuring procedures 

Measure the 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 P0 
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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