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b International Electrotechnical Commission (IEC) is a worldwide organization for standardizationccom
national electrotechnical committees (IEC National Committees). The object of IEC is to promote{intern
operation on all questions concerning standardization in the electrical and electronic fields. To this e
ddition to other activities, IEC publishes International Standards, Technical Specifications, Technical R
blicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC Publication(s)”).
paration is entrusted to technical committees; any IEC National Committee interested in the subject dea
y participate in this preparatory work. International, governmental and non-governmental organizations |
h the IEC also participate in this preparation. IEC collaborates closely with the Intemational Organizat
ndardization (ISO) in accordance with conditions determined by agreement between the two organizat

b formal decisions or agreements of IEC on technical matters express, as neatly as possible, an intern
sensus of opinion on the relevant subjects since each technical committee has representation fr|
brested IEC National Committees.

L Publications have the form of recommendations for international ‘use and are accepted by IEC N
Immittees in that sense. While all reasonable efforts are made te\ensure that the technical content
blications is accurate, IEC cannot be held responsible for/the~way in which they are used or f
interpretation by any end user.

order to promote international uniformity, IEC National\Committees undertake to apply IEC Publig
hsparently to the maximum extent possible in their national and regional publications. Any divergence be
IEC Publication and the corresponding national or regional publication shall be clearly indicated in the|
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itself does not provide any attestation of confaormity. Independent certification bodies provide con
essment services and, in some areas, access$\to IEC marks of conformity. IEC is not responsible f
vices carried out by independent certificationshodies.

users should ensure that they have the latést edition of this publication.

mbers of its technical committees and IEC National Committees for any personal injury, property dam|
er damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fee
enses arising out of the publication, use of, or reliance upon, this IEC Publication or any oth
blications.
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ispensable for the correct application of this publication.
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2629-62-11 has been prepared by IEC technical committee 110: Electronic displayg
ernatienal Standard.
extof this International Standard is based on the following documents:
Draft Report on voting
110/1459/FDIS 110/1473/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.

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.
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A list of all parts in the IEC 62629 series, published under the general title: 3D 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 reconfirmed,

e withdrawn,

e replaced by a revised edition, or
e amended.

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 corréctinderstanging
of ifs contents. Users should therefore print this document using a’colour printer.
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3D DISPLAY DEVICES -

Part 62-11: Measurement methods for virtual-image type — Optical

1 Scope

This part of IEC 62629 specifies the standard measuring conditions and measurement methods
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3 Terms, definitions, and abbreviated terms

3.1

For t
follow

ISO ¢
addre

e |H

e |9

3.1.1

for d?ermining the optical properties of the image created by 3D display devices and.vi

optics such as head-up displays. The virtual image refers to an image in which th
information is superimposed with the outside world. Eye-wear type displays are’hoy
nd the scope of this document.

The meaning of a virtual image in optics is in general an image formed when the outgoing rays from
object always diverge. With regard to display application, a virtual image can be.interpreted accordin]
bwing case. When an image is viewed, even though there is no physical display (monitor, TV, screen), i
rson's eyes, it is called virtual image.

ormative references

bllowing documents are referred to in the text in such arway that some or all of their co

indated references, the latest edition of the\ referenced document (including
dment-s) applies.

2629-1-2, 3D display devices — Part 1-2:(Generic — Terminology and letter symbols

Terms and definitions

e purposes of this document, the terms and definitions given in I[EC 62629-1-2 an
ing apply.

SSses:

C Electropedia: available at http://www.electropedia.org/

O Online browsing platform: available at http://www.iso.org/obp

rtual-
e 3D
vever

h point
gtoa
h front

ntent
plies.
any

d the

nd IEC maintain-terminological databases for use in standardization at the follpwing

virtual image distance
distance from the centre between both eyes to the centre of a virtual image

Note 1

3.1.2
field

to entry: The eye-centre corresponds to the point where the half of the binocular spacing is located.

of view

angle subtending the area of the virtual image as observed from the centre between both eyes

3.1.3

eye-box
<3D display devices — virtual-image type> three-dimensional space within which the users place
both their eyes and properly see the entire virtual image
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3.1.4

look down angle

angle in a downward direction between the normal line and viewing direction from which the
virtual image is viewed at the centre between both eyes

Note 1 to entry: The normal line represents a line forming a vertical angle of 90° from the centre of the eye to the
virtual image plane.

3.1.5

look over angle

angle in a sideway direction between the normal line and viewing direction from which the virtual
image_is viewed at the centre between both eyes

3.2 | Abbreviated terms

CCD charge-coupled device

CMOB complementary metal-oxide semiconductor
FOV field of view

HUD head-up display

IPD inter pupil distance

LMD light measuring device
4 Measurement systems

4.1 Measuring device

A sppt LMD or an imaging LMD such as a 2B-imaging colorimeter should be appligd for
measluring light and colour properties, for exafmple luminance value, chromaticity coordinates,
etc. The specification of the LMD applied should be described in the report as in the example
given[in Table 1.

NOTE| If a 3D display has the characteristi¢s'of multi-view, which is explained in IEC 62629-22-1 [1]1, the aperture
size of 2 mm to 5 mm is suggested and«is.not larger than 6 mm.

Table 1 — Example of reported specification of an imaging LMD

Image sensor type CCD, CMOS

Resalution 1380 x 1 030, 2 448 x 2 050,
Lumipance range 0,05 cd/m? to 100 000 cd/m?
Repgatability AL (luminance) < 0,1 %

Ax, y (chromaticity coordinate) < 0,001

Meadquring accuracy AL < 3 % (for Standard llluminant A)

Ax, y < 0,002 (for Standard llluminant A)

The geometric property of the 3D virtual image can be estimated using the imaging LMD
(multiple imaging LMDs or one imaging LMD with movement). Annex A shows a comparison of
measurement items between the conventional 3D display and the virtual-image type 3D display.

T Numbers in square brackets refer to the Bibliography.
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4.2 Measuring setup
421 Eye-box and virtual image plane

The geometric relationship between an eye-box and a virtual image plane is shown in Figure 1.

Virtual image plane

Eye-box

\ S
.

e —|
e

3

3D virtual objects

% V4 in the.ftont and rear of
f‘f\ Half mirror reflecting virtual image plane
Designed the virtual image
viewing HUD unit reproduced by
distance HUD unit

-n

igure 1 — Geometric relationship between an eye-box and a virtual-image plane

If usgrs’ eyes are placed in the eye-box, it is assumed that the users can view the entire \jirtual
imagé without moving their head or making any ether adjustment. The eye-box position can be
specified by a supplier since this is varied by.(the application. The designed viewing disfance
showh in Figure 1 is the distance between ‘the centre of the eye-box and the position on the
half mirror, which should be suggested by the supplier. For the measurement, the des|gned
viewing distance should be applied as the measuring distance.

If the eye-box location information 'is not provided by the supplier, this can be determined
accolding to the method presented in 4.2.2. The measuring devices of the imaging LMD should
be sdt up within the eye-box‘pdsition. When the same left and right images without parallgx are
input| the plane on whichithe image is displayed is referred to as the virtual image plane.|A 3D
virtugl object can be presented in the front or the back of the virtual image plane. A 3D
coordinate system of xyz indicated in Figure 1 is defined in order to figure out the positigns of
the 3D virtual object.and the virtual image plane from the eye-box of the users. The cenfre of
the eye-box is defined as the zero position (xyz = 0).

NOTE| If the'supplier does not provide the eye-box position, this can be estimated by checking the geometric Iqcation
where| observers can view the entire virtual image plane. In general, the eye-box location is defined py the
manufaeturer according to the application. For example, it is determined by considering the distance frgm the

H rald | + k. A £ + F'H L F'H -tk dict £ +h + + L£ H
winds hetd-er-eombirerteo-the—driverforautomotiveappheation—and-thedistanreefromtheuserto-thehalmifror for

the exhibition application.

4.2.2 Determination of the eye-box

If the eye-box position is not provided by the supplier, the following method can be applied to
determine the eye-box:

NOTE H1 to H9 and V1 to V7 in Figure 2 indicate examples of the position of the imaging LMD to determine the
eye-box.
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Almost half virtual image
plane viewed from position H1

A whole virtual image plane

positon H3 viewed from position H5

1/5% horizontal
input image size

A

HUD unit

1/5% vertical
input image size

IEC

Figure 2 — Configuration for determination of-the eye-box

a) alfull grey input image (e.g. RGB = 50) with a white outliné.and a centre grey square (1/5
infput image size in the horizontal and vertical position,)e.g. RGB = 200) can be uséd as
sIown in Figure 2;

b) am imaging LMD is located at the designed viewing distance (z = 0) and should be dirgcted
tg the centre point of the input image;

c) thle virtual image of full grey input is captured, and the luminance of the centre grey square
ismeasured by moving the imaging LMD inan increment of 5 mm from left to right;

NOTE|1 When the experimenter visually observes the virtual image (in Figure 2) at the designed viewing digtance,
the leff border of the target virtual image starts to-be viewed. The LMD is placed at position H1.

d) find the maximum luminance value from those measured while moving the imaging LMD,
and calculate the percentage-of-the maximum luminance value at all imaging LMD locations;

e) the leftmost and rightmostpositions, at which the full grey image with the white outline is
ag¢quired and the percentage of the maximum luminance value is greater than 50 %, are
ditermined in the x-axis (for instance, almost half of the virtual image plane and 40 % ¢f the
peércentage of the 'maximum luminance value are only acquired by the imaging LMD at the
H[l position);

NOTE|[2 The peréentage of the maximum luminance value applied to find the eye-box boundary can be seledted as

50 % qr something else, but the value will be recorded in the report.

f) far example, the leftmost and rightmost horizontal positions to be determined are H3 and
HB.io Figure 2;

NOTE 3 The left eye and right eye are located at the leftmost and rightmost positions determined through the
procedures (a) to (e). Both eyes are free to be located inside the leftmost and rightmost positions.

g) the horizontal centre (x = 0) is found from the middle position of H3 and H8;

h) the virtual image of full grey input is captured and the luminance of the centre grey square
is measured by moving the imaging LMD in an increment of 5 mm from the bottom through
the horizontal centre (x = 0) to the top;

i) find the maximum luminance value from those measured while moving the imaging LMD,
and calculate the percentage of the maximum luminance value at all imaging LMD locations;

j) the bottommost and topmost positions, at which the full grey image with the white outline is
acquired and the percentage of the maximum luminance value is greater than 50 %, are
determined in the y-axis;

k) for example, the bottommost and topmost vertical positions to be determined are V2 and V6
in Figure 2;
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[) the vertical centre (y = 0) is found from the middle position of V2 and V6; and
m) the zero position (xyz = 0) is finally determined.

4.2.3 Measuring configuration for geometric property

Figure 3 illustrates the configuration of three imaging LMDs and the test pattern displayed on
the virtual-image plane in the three-dimensional xyz—coordinate system for evaluating geometric
characteristics of the virtual projected image.

Virtual image plane

IEC
Figure 3 — Measuring setup for geometric property

The measurement items for assessing the virtual image geometry relative to a user’s ey¢gs are
the Igok down/over angle, virtual image distance, and field of view. To ensure that projedtions
are pfoperly aligned, geometric distortion is also measured. The centre of the eye-box is dgfined
to be|the origin (x = 0, y = 0 and z = 0) at whigh‘the centre imaging LMD (LMD() is placed. The

gap hetween the left (LMD ) and right (LMDBR) imaging LMDs is assumed to be the same gs the

inter pupil distance (IPD) of a user. Thetaverage IPD of 60 mm or 65 mm can be used fqgr this
gap. [The IPDs are selected to reflectmean values among both male and female examjnees
foung in previous research [2]. Thedistance between the LMD gy and LMD is the half ¢f the

distance between the LMD and-EMDg. If one imaging LMD instead of three imaging LMDs is

applied, the measurement canjbe conducted by moving the imaging LMD. The measuring|point
for each of the nine black circles in the test pattern is named Pl-j (iandj=1, 2, 3). Pij can be

exprgssed as (xij, Vi zij) in the xyz-coordinate system.

The 3D virtual image/object to be evaluated can be located on the virtual image plane or |n the
front/rear of the/virtual image plane (Figure 1). If the 3D virtual image/object is placed gn the
virtugl image'plane, there is no parallax. On the other hand, if the 3D virtual image/object|to be
evaluated-is.located in the front or rear of the virtual image plane, there is negative or positive
parallax.

Annex B describes the principle of the geometric-property measurement method applied for this
document and comparisons with other measurement methods. Annex C provides the geometric
calibration process for the imaging LMD. The required calibration level should satisfy the
following condition.

The rotation matrix R in the calibration result of three imaging LMDs (LMD, LMD and LMDgR)
in Figure 3 should be R, = Rg = Rg in theory. For the practical case, if R| # Rc # Ry, there is

then nonzero for the difference in the vertical pixel index of ‘nlj—"ﬂ between the captured
images by LMD, and LMDg where the n is vertical pixel index of the captured image of the test

pattern ij. To obtain reliable results, the value of ‘n!; —n;-{‘ should be less than 1 %, that is, the

difference in the vertical pixel index between the captured images by LMD, and LMDg should
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be less than the number of vertical pixels in the captured image/100. Details related to imaging
LMD calibration are described in Annex C.

4.2.4 Test image and denotation for the captured test image

Figure 4 shows the test image composed of nine black circles and the three corresponding
captured images by three imaging LMDs (LMD, LMD and LMDg) placed in the left, centre and

right positions of the eye-box. Every black circle includes a white cross in the centre. The
distance between LMD and LMDy is indicated by a. The measuring point(s) can be selected

from the nine points of P4 to P55 as necessary.

o
HI2 =
! l 1
_== _________ Aan_ ‘=_* A
o P11 ‘-,P12 P13‘3 -
N ! : ! )
a ‘I. | | _&’ %
y ’ AN dan_ _ O I i =
f' ‘!'P21 e, P23{,= § E
/ \ ! . | g;
LMDL LMDC LMDR _ -‘.E)31 _______ ".?32 _____ P SE‘. _
: w -y w Y
Eye-box I i i
. H/10
——— -
_H (horizontal'size of virtual image)
- o IEC
-y - L] -y v N w ww .
an an ‘:| an an ‘:I an an ‘j
v A14 A - wr A wr \14 Al
an an ‘:| P19 1Y ‘j an an ‘]
NP wF NP NP NP WP A 1 A 1 4 .p
IEC IEC IgC
Figure 4 — Test\image with nine measuring points (top right) and the three
correspondingimages (bottom) captured by three imaging LMDs (top left)
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P = (mjs.nj5) Py = (mf.nf) PR (R iRy

/) ij ij o Tif

NOTE| m,n: pixel index of the captured image, which is an integer.

Figure 5 — Denotation for each of the three corresponding
images captured by three imaging LMDs

Figure 5 shows the denotation in terms of P!},Pg,and PUR farthe test patterns in the Jthree
correpponding captured images by three imaging LMDs, that is LMD, LMD and LMDg. Bince

PZIJ' PC, and P}; are the two-dimensional coordinatgs’ on the captured images, |:’,~I]'“’R is
LCLR LCR . . .
represented by (7; , i) where m and n @re pixel indexes of the captured image ¢f the

test gattern.

5 (Gommon measurement applied<for 3D virtual-image geometry

5.1 General

The 8D virtual images should'be properly aligned relative to a user’s eyes. The geomnetric
property therefore shall be’ evaluated for the projected virtual-image plane and the 3D \irtual
objedts (see Figure 1) that'can be located in front or in back of the virtual image plane. Clause
5 intrpduces the common measurement method applied for the geometric property evaluation.
Clauge 6 and Clause-7 describe the specific procedures for evaluating the degree to which a
virtugl image is aligned from a user's location by focusing on four aspects: look down/over gngle,
field pf view, distance between the user, and virtual image plane, and the distortion. Clajise 8
descilibes thedetailed procedures for determining the distance between the user and the 3D
virtug| object.

There is no parallax for the 3D virtual object placed on the virtual image plane, whereas there
is negative or positive parallax for the 3D virtual object located in front or in back of the virtual
image plane. The geometric properties for the virtual image plane (Figure 8 to Figure 11) and
the 3D virtual object (Figure 12) are obtained based on the triangulation methodology. The input
factors in the application of triangulation are the binocular disparity information acquired by the
multiple imaging LMDs and the field of view of the imaging LMD.

If the geometric property measurement is made using other methods than that proposed by this
document, these other methods shall be mentioned in the report.

5.2 Position estimation of measuring points

If the positions (P, = x;;, y;;, z;) for the nine points P44 to P33 on the captured image are
determined in the xyz-coordinate system of Figure 3, the geometric information for the virtual
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image plane and the 3D virtual object can be deduced. In order to determine the accurate
location of the 3D virtual object, Annex C introduces the reason for using three imaging LMDs
(LMD, LMD¢ and LMDg) in Figure 3. The position z{4 for P44 in the test image of Figure 3 is

obtained first using LMD and LMDg. The LMD is then used to determine the position (x4,
v41)- The detailed calculation process is described as follows.

The position zq4 for P44 in the test image of Figure 3 is calculated first using a triangular
relationship made of the distance (between the centre of the user’s eyes and P4,) in the z-axis,
the binocular disparity information of (L, - %), and the LMD’s field of view of #in Figure 6. For
the black circle indicated by P44, the denotation in the captured images is given in Figure 7.

Formpla (1) and Formula (2) describe this relationship well. The binocular disparity information
of (%, —mR ) is obtained from the corresponding 2D image points of the two capturedqmages by

L R
LMD, and LMDg. The horizontal disparity between 11 of the LMD, image and‘7q1 ¢f the
LMDg image is the same as the value of a. Thus, the ratio of (,t, - R ) to Mwan be exprgssed
in thg same way as the ratio of a to 2,[211 _tanﬂj using the following formulae.
2

m%‘1—m1R1:M:a:2~[z11«tan%j (1)
L R
a _ gy
2
2'(211"23[‘]0] M ( )
2
wher¢
M is the number of horizontaDpixels in the captured image;

R are the horizontal pixeljindexes of the captured image by LMD; and LMDg;

0 is the horizontal field of view of the imaging LMD;
Zq4 is the distance-between the centre (0, 0, 0 in Figure 3) of LMD and LMDg, and P;
and

a is the gap'between LMD, and LMDg.
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2 - AT tang

IEC

a: gap|between LMD, and LMDg;

@: horigontal field of view of the imaging LMD;

z44: digtance between the centre position (0, 0, 0 in Figure 3) of LMD, and LMDg; and

P,,: ofe of the black circles in the test image in Figure 4;

mh, ”51: horizontal pixel indexes of the captured image by LMD, and LMDy.

Figure 6 — Geometric relationship of the black circle of P, in the test image,

two imaging LMDs, and the captured P, (indicated by ,. and ,R)
by the two imaging LMDs of LMD, and LMDy

L L R ,,R cC C
(m1q, n1q) (m14,%nq%) (my7, n17)
I
1
A ' an an Aan Al o /AN an ]
A1 4 A 1 4 ‘j AL/ A\ 14 ‘j \ 14 .
a a a an an - J |an a a
v A 14 ‘j -y -r ‘:I 5 S 4
an an a A LY a an A 1
. L 14 w v ww - T3 .y .
z z
IEC IEC IEC

Flgure 7 — Denotation for the black circle indicated by P4 (i and j = 1) in the three
corresponding images captured by three imaging LMDs

L L
The Qlaek-circle in the top left corner (P44) in Figure 7 is indicated by (741, q1)in the capltured

R R C C
image by LMD, or by (14, ™q4)in the captured image by LMDg or by (71, M41) in the captured
image by LMD.. From Formula (1) and Formula (2), the value of z;, can be obtained. The
position (x44, ¥41, z41) of P44 can then be calculated using Formula (3).

C o C
x11=Z11'tang(2'ﬂ—1J, y11=Z11'tani(2'n1—1—1j1 2=y LM R (3)
20U M 20U N 2-tan (mfy —mY)

where
M, N are the number of horizontal and vertical pixels in the captured image;
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¢ are the horizontal pixel indices of the captured images by LMD, LMDg, and LMDg;

S, is the vertical pixel index of the captured image by LMDg;
0 is the horizontal field of view of the imaging LMD;

o' is the vertical field of view of the imaging LMD; and

a is the gap between LMD, and LMDg.

6 Measurement method for the geometry property of the virtual image plane

6.1 Measurementof virtual-immage distance
6.1.1 Conditions

The fpllowing detailed conditions should be applied (see Figure 8):

a) test pattern: the test image with nine circles (P44 to P33) in Figure 3; and

b) ac¢quisition of the test image: the three imaging LMDs located in the-eye-box are used to
capture three sets of the 2D image.

Eye-box Virtual image plane
(0,0,0)

LMD|

P;; = Centre point of a grcle

¢

Figure 8 — Measuring. condition for the virtual image distance

IEC

6.1.2 Procedures
The fpllowing measuring procedures should be carried out:

a) tqree test images_are ‘acquired by the three imaging LMDs: LMD, LMD and LMDg;
b) the position (¥»5, yo0, z55) for P,, in the test image is determined according tp the
computation/method described in 5.2; and

c) the virtualimage distance between (0, 0, 0) in the eye-box and (x5, y59, z55) in the dentre
of the\virtual plane is calculated as follows:

2 2 2
DV|=\/X22 +Y92" 122 (4)

6.1.3 Reports

The measurement results shall be reported with the gap (a in Figure 3 and Figure 4) that is
the same as the IPD value applied to evaluate the virtual image distance as follows.

Dy, inm

— a,in mm
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6.2 Measurement of look down/over angle
6.2.1 Conditions
The following detailed conditions should be applied (see Figure 9):

a) test pattern: the test image with nine circles (P44 to P33) in Figure 3; and

b) acquisition of the test image: the three imaging LMDs located in the eye-box are used to

capture three sets of the 2D image.

Virtual image plane
Eye-box

/
Ydown wP
Y TSy @00y (23, Odz20)

P

gdown
A P2

( w )4
X2, V22, Z
LMD b ap, 22, Y22, 222 WPy,
R a P22
.\‘% (¥22 Y22, 72
w P33
IEC
(a) for the look down angle of 6,  «
Virtual image plane
Eye-box P e
Oover w P Ta
) wEi3
’:S,_—l'l\n P2 0
LMD — ¢ over 0
! A o G220 @5 0.0.0 ( ey 2y
WPy o 23 (0,0,0)
T . A P22
LMDg T Pa3 (x22 ¥22} 222)
IEC
(b) “for the look over angle of 4 .
Figure 9 — Measuring conditions for look down and look over angles
6.2.2 Procedures
The fpllowing measuring procedure should be carried out:
a) three test-pattern images are acquired by three imaging LMDs: LMD, LMD and LMDg;
b) tgst pattern: the position (x55, v59, z55) for Py, in the test image is determined accord|ng to

the €Computation method described in 5.2; and

c) theTook down/over angles of Fyo,, anNd b,,e, are calculated using the position nformation

(x20, Y22, 29p) for P55 in the test image as follows:

[ 2 2
1 X2 + Y22

2 2
\/xzz + Voo t2Zpo

[ 2 2
-1 Xo2 t 223

Odown = COS ™ > > >
\/x22 + Voo 23

» Oover =COS

6.2.3 Reports

The measurement results shall be reported with the gap (a in Figure 3 and Figure 4) that
the same as the IPD value applied to evaluate the look down and look over angles as foll

(%)

is
ows.
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edown and Hover

— a,inmm

6.3 Measurement of field of view

6.3.1 Conditions

The following detailed conditions should be applied (see Figure 10):

a) test pattern: the test image with nine circles (P44 to P33) in Figure 3; and

b) acgquisition of the test image: the
apture three sets of the 2D image.

6.3.2 Procedures
The fpllowing measuring procedure should be carried out:

a) three test images are acquired by three imaging LMDs: LMD, LMD and LMDg;

b) far the horizontal FOV, the positions (x51, y51, z21) and (x53, y23, z63)for P4 and Py

test image (see Figure 10 (a)) are determined according t6-the computation m
described in 5.2;

H
c) the horizontal FOV of QFOV is calculated as follows:

2 2
1(1210] +|B3®] )| Po1Ps
2B5;0||[P50

GFHOV =Cos~

where

o is the (0, 0, 0) position}-that is, the centre of the eye-box;

||1”21Pz3|| is the distance between P, and P,s;

||}210|| is the distance between P, and O;

||}230|| is théndistance between P,5 and O;

d) far the vertical FOV, the positions (x4, y42, z12) @and (x35, ¥39, z35) for P4, and P35 in th

pattern(see Figure 10 (b)) are determined according to the computation method desq
in| 5.2;-and

2022

n the
bthod

(6)

b test
ribed

e) the vertical FOV of %\/ is calculated as follows:

2 2 2
1(1A20] +|Ps20] )~ |A2Ps
2|A20]|P20

G,YOV =CO0S™

where

(0] is the (0, 0, 0) position, that is, the centre of the eye-box;

||P12P32|| is the distance between P, and P»;

(7)
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|320] s the distance between P, and O;
||P320|| is the distance between P, and O.
Virtual i |
Eye_box Irtual Image plane

AN
H P
Oedy w11

(21, 21, 221)

LMD, N P13
PPy PN
—— w2 (xzauTza' 223)
/ WP
LMDg 2 23
N\
P3o P
P33
IEC
(a) for the horizontal FOV
Eye-box Virtual imagé plane

(x \’. Z19)
LMD, —> 12: Y12 212
==P22
LMDg ‘
APy (¥ 32, 23))
a\

IEC

(b) for the vertical FOV

Figure 10 — Measuring'conditions for field of view (FOV)

6.3.3 Reports

The measurement results shalkbe reported with the gap (a in Figure 3 and Figure 4) that |s the
same| as the IPD value applied to evaluate field of view as follows.

v
fov  GFov

)

— alin mm

7 Neasurement methods for the geometric distortion of the virtual image pllane

7.1 LGeneral

The deviation degree in each of the horizontal and vertical directions is measured to evaluate
static distortion that is caused by processes of enlargement and projection in 3D displays such
as head-up displays.

7.2 Measurement of static distortion
7.21 Conditions
The following detailed conditions should be applied:

a) test pattern: the test image with nine circles (P4 to P33) in Figure 11; and

b) acquisition of the test image: the three imaging LMDs located in the eye-box are used to
capture three sets of the 2D image.
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Virtual image plane
1Y
w Py
\
Eye-box \ ] Pi2 Y

't Pis
LMD
LMD¢
LMDg Pas
Horizontal distortion
Vertical distortion A
Figure 11 — Measuring conditions for evaluating static distortion

7.2.2 Procedures

The fpllowing measuring procedure should be carried out:

a) three test images are acquired by three imaging LMDs: LMD, LMD and LMDg;

b) al
cq

c) calculate the horizontal distortion DT} 4 for the point Py, from the distance between the

P
P

d) the total and maximum horizontal distortions’ of DT}, and DT}, are calculated as follo

e) calculate the vertigal distortion DT, 4 for the point P4, from the distance between the

P
of

f) the total.and maximum vertical distortions of DT,; and DT\, are calculated as follows:

| the positions (x;;, y;;, z;;) for P4 to P33 in the test pattern.afe determined according

mputation method described in 5.2;

b1 and the line determined by P4, and P34, andthen repeat this calculation for the g
bo and Pyg;

DTy =avg{Dn1, Dnho, Dn3}

DThm = Max{DOn1, Dnz, Pnz}

» and the lineldetermined by P4, and P,3, and then repeat this calculation for the ¢
P, and Pgs;

DT, =avg{Dyq,Dy2,Dy3}

7.2.3

DTvm = maX{DV1, DV2’ DV3}

Reports

2022

o the

point
oints

(8)

(9)

point
oints

(10)

(11)

The measurement results shall be reported with the gap (a in Figure 3 and Figure 4) that is the

same

as the IPD value applied to evaluate geometric distortion as follows.

— DTy, DT

- DThm' DTvm

- a,

in mm
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8 Measurement method for the distance between a user and a 3D virtual object

8.1

General

The accurate depth reproduction of the 3D virtual object is important to indicate the
corresponding 3D real object in the real world. Clause 8, therefore, introduces the measurement
method for determining the physical distance of the 3D virtual object. The measured result
represents the distance between a user and the displayed 3D virtual object. The 3D virtual
objects can be reproduced in the front/back of or on the virtual image plane. For example, the
virtual object of P,, can be displayed in the front or back of the virtual image plane in Figure 12.

8.2
8.2.1

The fpllowing detailed conditions shall be applied:

a) th

b) acquisition of the test pattern image: the three imaging LMDs logated in the eye-bg
used to capture three sets of the 2D image, that is, the left, centfé and right images.

8.2.2

The fpllowing measuring procedures shall be carried out:

a) t:]
b) t

C¢

Measurement method

Conditions

e test circle pattern in Figure 12; and

Virtual image plane

Rear virtual object

Eye-box
* (0,0,0)

LMD,

LMD,

[MDg

Front virtual object
IEC

Figure 12 — Measuring conditions for the distance of the 3D virtual object

Procedures

ree testimages are acquired by three imaging LMDs: LMD, LMD and LMDg in Figu

e position (x99, ¥oo, z99) for P,y in the test pattern is determined according t
myputation method described in 5.2;

X are

e 13;
b the

c) the distance (D3p gpject) IS Calculated as the distance between (0, 0, 0) in the eye-box and
(x990, ¥99, 295) in the centre of the virtual plane as follows:

2 2 2
D3p opject = \/ Xp2" +¥22" +20

(12)
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L L L c c cC R R (R
Pyo = (myp.n5,) Py = (myy.n5,) Py = (myzngs)

NOTE| m, n: pixel index of the captured image, which is an integer.

Figure 13 — Three images captured by three imaging CMDs for
the 3D virtual object located at the back of the virtual plane

8.2.3 Reports

The measurement results for the distance of the 3D virtual ebject shall be reported with the gap
(a in Figure 3 and Figure 4) that is the same as the IPD<yalue applied to evaluate the distance
betwgen a user and 3D virtual object as follows.

— Dpp opject (for example, in terms of dioptre (1./m))

— alinmm
9 Neasurement methods for luminance and chromaticity

9.1 General

The Jreproduced 3D virtual-image should have enough vivid lights and colours fo be
distinguishable from real-world surrounds. Clause 9 introduces the measurement methad for
luminfance and chromaticity considering the user and the virtual-image plane configuration. The
first measurement is conducted from different positions in the eye-box (see Figure 14) since
userg can view the virtual image within any position in the eye-box. The luminance valugs are
evaluated at different points in the eye-box in order to find out the angular variation that explains
changes in luminance up to the viewing position. The second measurement is conducted| from
the dentre point in the eye-box against different positions in the virtual-image plane| (see
Figure 14)."Through these first and second measurements, the luminance and chromaticily are
evaluatéd-in the uniformity aspect of both eye-box and virtual-image plane.

In addition to luminance and chromaticity measurement, the measurement method for 3D
crosstalk is introduced by Annex D.

9.2 Measurement for luminance drop over the eye-box
9.2.1 Conditions
The following detailed preparations shall be applied:

a) the spot LMD is successively placed in the centre of each of the 25 positions (E44 to Eg5)
on the xy plane of the eye-box in a dark surround in Figure 14 (a);
NOTE The SAE J 1757-2 [3] defines nine measurement positions inside the eye-box. If a measurement is therefore

required in consideration of conformity with SAE J 1757-2 [3], the measurement can be performed at nine positions
(E44» B3y Egyqy Eq3s By Eggs Eys, Egsy @nd Eg;) instead of 25 positions.
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b) the centre position (E;3) of the eye-box corresponds to the zero position (xyz = 0) in Figure 3;
and

c) the test signal: full white image.

(<4
8
EHI9 (2 % EH)I9 <
N
/
A,x\ Eqs 3 B E1s a
o
el
2 E21 Eoo M Ex Eos I E2s Y
NES
Slg  Eat Ex; M E:: Es, I E35
K » Horizontal direction
.g Es1 Es I Es Ess I Ess
(%] \
>
Y Es5q Esp I Es: Ess [ Ess

-

Vertical

EVI9

EH (horizontal size of eye box)

IEC

(a) measuring location representation in the eye-box

Virtual image plane

LMD can be
placed at each of 25
positions in the eye-box

HUD unit EC

(b) measuring layout for luminance and chromaticity from the 25 positions in the eye-box

Eigure 14 — Measuring location representation in the eye-box

9.2.2 Procedures

The fpllowing measuring procedure shall be carried out:

a) apply the test signal of white;

b) measure the luminance of the centre point of the virtual image plane at each of the 25 points
(E44 to Egg) in the eye-box shown in Figure 14 for white and black images, respectively;

c) calculate the average of luminance drop (.pf... and rpY, . ) for white (L,,) between the
adjacent viewing positions in the horizontal and vertical directions, respectively, as follows:

Lyhite (E;;)
LDjhite =teizs aVY 1< j<4| T ———x100
Lyhite (Ei( j+1)) 3)
Lihite (E;;)

\Y
LD, hite =1<i<4 V9 1< <5 —— = %100
white —1<i< <j< Lwhite (E(i+1)j)
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where

Lynite(Ej) is the white luminance measured at the measuring point E,;

1y and LDy,  are the horizontal and vertical white luminance drop;

i, j are 1 to 5 for the 25-point measurement;
divide the luminance drop (.p4,,. and zpY,..) for white by (2 x EH / 9) and (2 x EV / 9)

respectively to estimate the luminance drop rate per centimetre in the horizontal and vertical
directions:

LD

H hit
LDRM“e:(zxgyﬁg

v (14)
DRV, .. — _LDwhite

white = o> EV)/9

where

bR @nd LprY, .~ are the horizontal and vertical white luminance drop ratg¢ per

centimetre;
if {the luminance drop (LDt:rget colour @Nd LDt\;rget Colour) has to be evaluated for different

colours such as black, red, green and blue, the test signal can be changed from white as
fallows:

E..
Ltarget colour( U) <100
Ltarget colour (Ez’(j+1) )

H -
LDtarget colour (Eij ) =1<i<5 3Yg 1<./<4{

(15)
Ltarget colour (Ej;)
LDt\:flrget colour (Eij S 1<i<4 @VG 1< <5 T %100
Ltarget coIour(E(i+1)_j)
where
LDt:rget colour(Eij) is the luminance for the target colour measured 3at the

measuring point El-j;

H 14 ; ; i
LDtarget Solour and LDtarget colour  are the horizontal and vertical target colour luminance
drop;
i,j are 1 to 5 for the 25-point measurement;
- . H \Y
divide the Iuminance drop (LDtarget colour @Nd LDtarget colour ) for the target colour by

(2x EH/9) and (2 x EV/9), respectively, to estimate the Iluminance drop rate per
centimetre for the target colour in the horizontal and vertical directions, as follows:

H
LD,
LDRH _ target colour

target colour (2xEH)/9
\
LDRV _ LDtarget colour
target colour (2 x EV) /9

(16)
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where

and LDRY

H
LDR target colour

target colour

— 25—

9.2.3

per centimetre.

Reports

The measurement results shall be reported in Table 2.

Table 2 — Example of measurement results for the average of luminance

9.3
9.3.1

The |
plang
chron

The f]

a) t

S
b) te
c) m
NOTE
differe

of con
X width

drop for white colour over the eye-box shown in Figure 14

White luminance drop rate (%)
in the horizontal direction

White luminance drop rate (%)
in the vertical direction

H v
LDRyhite LDRyhite
3.5 % 42 %

uminance and chromaticity values are evaluated-at different points in the virtual i

Measurement of the luminance and chromaticity for the,virtual-image plane

Conditions

from the centre position of the eye-box in ordérvto estimate changes in luminancs
haticity up to the projection position.

pllowing detailed preparations shall be applied:

e LMD is placed in the centre position' (E53) (as in Figure 14 (a)) of the eye-box in g
rround in Figure 15;

st signal: full images of white;‘\black, red, green, and blue;

If the measurement is required at a point other than the adjacent nine points at the edge, defined in Fi
ht points can be selected\according to the requirement of a user. If a measurement is required in consid
ormity with SAE J 1757-2 [3], the measurement points for luminance uniformity are located at the positi
/length’ inward framjthe edge.

Virtual image plane

D
v

easurement points in the test image: the nine points (P44 to P33) defined in Figure 4.

are the horizontal and vertical white luminance drop rate

mage

and

dark

ure 4,
bration
bn ‘0,2

LMD
at centre positio
of the eye-box

N

\

3
' 4
>

4

4

S
..f\

HUD unit

/

IEC

Figure 15 — Measuring condition for luminance and chromaticity
from the centre point in the eye-box
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Procedures

The following measuring procedure shall be carried out:

a)
b)

c)

d)

apply the test signals of white and black;

2022

measure the luminance of the nine points (P44 to P33) in the virtual image plane shown in

Fi

gure 15 for the white and black images, respectively;

calculate the luminance-uniformity values for white and black images as follows:

Lynite = Lwhite (P22)

~

Ly

Ly

I,

Lojack = Lolack (P22)

max Lwhite (P[j ) - mi.n Lwhite (Pij )
1<i, j<3

LUy =|1-E2=2 100
max Lyhite (P;)
1<i,j<3
12?52(3 Lpjack (P ) — 12“_23 Lyjack (P9
LUg =|1- == *”é; ) x100
max .
1<i,j<3 Lorack (%
here
hite is the luminance value for the white image at the measuring point P5o;
lack is the luminance value for the black image at the measuring point P,,;
Y is the luminance-uniformity value for the white image;
Ug is the luminance-uniformity value for the black image;
hite(P;;) is the white luminance measured at the measuring point P,;
lack(P;;) is the black luminance measured at the measuring point P;;; and
i are 1 te 3 for the nine-point measurement;

Cc
a
reg

romaticity difference between the two points (u’v’y to u',v'y) that are farthest
ongst.the u'v' coordinates measured at the measuring point Pij for white and black in
spectively as follows;

m:Easure the chrematicity coordinates of the nine points (P4 to P33) and calculat

(17)

(18)

e the
apart
ages

Uwhite = Uwhite (F22 ), Ywhite = Ywhite\F22)

Upjack = Uplack (P22): Volack = Yblack (P22)

MVghite = \/(u{(white) — ub(white))? + (vi(white) — vy (white))?

Au'Vigek = \/(u{(black) — u'2(black))2 +(vj(black) - v'2(black))2

where

(19)
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g)

h)

u'v'\yhite is the chromaticity coordinate for the white image at
measuring point Py,;
u"'black is the chromaticity coordinate for the black image at

u'qv'y (white or black)

measuring point P,,; and

and u’,v', (white or chromaticity diagram that are farthest apart amongst

black)

coordinates measured at the measuring point Pl-j for white
black images respectively.

ca

where

Ly

m|

chromaticity difference between two points (u'4v’y to u',v';) that are farthest apart am
the u'v’ coordinates measured at the measuring point Pij for the red, green, and blue in
rgspectively.as‘follows:

apply the test signals of red, green and blue alternately;

measure the luminance at the measuring point P5g<in the virtual image plane sho
Figure 15 for the red, green and blue images, respectively; and

Iculate the contrast value of C at the measuring point P,, as follows:

o — Lwhite(P22) ~ Lpiack (Po2)
Lblack(PZZ)

hite(P22) is the white luminance measured at the measuring(point P,,;

lack(P22) is the black luminance measured at the measuring point P,,.

Lreq = Lrga(P22)
Lgreen = green(PZZ)

Liye = Lplue (P22)

asure the chromaticity coordinates of the nine points (P,; to P33) and calculat

Ured = Ured(P22), Vred = Wred(P22)

the

the

are the chromaticity coordinates in the CIE 1976 u' and v’

u'v'
and

(20)

vn in

(21)

e the
bngst
ages

! ! Viw) AY ! ! Vim} \
“green — "green\' 22 /> Vgreen — Ygreen\'! 227

Uplue = Ublue (P22), Volue = Volue (P22)

AUy = \/(ui(red) —up(red))® + (vi(red) - vy (red))?

ot ' ' 2 ' ’ 2
Au'Vyreen = \/(u1(green)—u2(green)) +(vi(green)—v,(green))

Au'vyyo = \/(ui(blue) —uy(blue))® + (vi(blue) - v4 (blue))?

(22)
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is the chromaticity coordinate for the red image at the measuring
point Py,;

is the chromaticity coordinate for the green image at the
measuring point Py,;

is the chromaticity coordinate for the blue image at the measuring
point P,,; and

4v'y (red, green or are the chromaticity coordinates in the CIE 1976 »' and v’
blue) and u',v', (red, Chromaticity diagram that are farthest apart amongst "’

9.3.3

The measurement results shall be reported in Table 3.

green or blue)

Reports

Table 3 — Example of measurement results for white (black) luminance,
contrast, uniformity of white (black) luminance, and chromaticity coordinates

coordinates measured at the measuring point P, Tor red,_gieen
and blue images respectively.

in the measurement configuration of'\Figure 15

Luminance Contrast Uniformity of Chromaticity coordinates
white black white black White Red Green Blug
luminance | luminance luminance | luminance
u’ u’ u’ u’
(Lw) (LB) (C) (LUW) (LUB) B ’ s s
v v v v
cd/m?2 cd/m?2 % %
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Annex A
(informative)

Comparison of measurement items between the conventional
3D display and the virtual-image type 3D display

The 3D effect is implemented for 3D displays by using depth cues such as occlusion, relative
size, shading, distance to horizon, texture gradient, linear perspective, binocular disparity, and
motion perspective, among others. The most common depth cue is binocular disparity, that is,
deviation in the retinal images of the left and right eyes due to the slightly different viewing
anglg bDetWeen tWo eyes against the same object. In the conventional 30D display snown in
Figure A.1 (a), users recognize the stereoscopic image that is positioned in the front@nd{back
depth directions from the 2D display. On the other hand, the position of the 2D virtual image
plang is determined by the optical system design for the 3D HUD, and 3D virtual content can
be prpduced so that it is located in the direction of the depth before and behind the Vvirtual image
plang (see Figure A.1 (b)).

3D far object
3D near object

A
y

Victual image distance

\\

= Virtual plane
IEC IEC

HUD unit

(a) conventional flat-panel type (b) illustration of 3D HUD

Figure A.1 — Example of 3D displays

The higgest differences’between a traditional 3D display and a 3D HUD is (1) the reprodyction
image¢ plane viewed by observers (actual 3D display versus virtual image plane projected from
the alctual 3D display by the optical system) and (2) the correlation with real objects ih the
viewing surroundings (non-correlation versus correlation). These differences raise the neg¢d for
the development of new measurement methods for 3D HUD. The optical-characteffistics
measurement methods are well defined in the IEC 62629-12-1 [4] and 62629-22-1 [{] for
tradiflonal stereoscopic and autostereoscopic 3D displays, respectively. Contrary t¢ the
conventional 3D displays, the new measurement methods, particularly with regard to geometry
and spatial distortion, are required for 3D HUD. It is therefore attempted to develop an optical-
property measurement method for 3D HUD using the concept of binocular disparity, and its
results are suggested for the development of this document. Table A.1 compares measurement
items between the conventional standards (IEC 62629-12-1 [4] and 62629-22-1 [1]) for 3D
displays and the current document.
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Table A.1 — Comparison of measurement items

IEC 62629-62-11

IEC 62629-22-1 [1]

Measurement IEC 62629-12-1 [4] _
items (Virtual 3D - Optical) | (Stereoscopic 3D — Optical) (Autostereoscopic 3D —
Optical)

Reproduction Virtual 3D Actual 3D displ Actual 3D displ

image plane irtua ctua isplay ctua isplay

viewed by image plane with glasses without glasses

observers

Correlgt|on with Correlation Non-correlation Non-correlation

real object

Viewipg area Eye-box Non-specification Non-specification

3D crpsstalk (X-
talk)

Interocular X-talk for
multi-view display

(see Annex D)

Interocular X-talk at screen
centre for two-view display

Interocular X-talk screen position
dependency

X-talk (luminance component
ratio) for two-/multi-view display

X-talk related property for mpulti-
view display: (1) offset X-talk, (2)

3D pixel X-talk
Virtual image distance
3D virtual image Look down/over angle |None None
geometry
Field of view
3D viftual image | Static distortion
h ; None None
distorfion
Distampce between | Distance from user to
3D viftual object |3D virtual image None None
and uper
Luminance Luminance Maximum luminance directidn
Luminance uniformity Luminance uniformity Luminance
Lumirlance
Interoculariuminance difference |Screen luminance uniformity
Angular luminance variation
Chromaticity White chromaticity White chromaticity
Colour White chromatic uniformity White chromaticity uniformity on

(chromaticity)

Interocular chromatic difference

Colour gamut

screen

Angular chromaticity variatig

=}

Contrast

Contrast

Contrast ratio

Interocular contrast difference
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Annex B
(informative)

Comparison of the optical-property measurement
methods for virtual images

Table B.1 compares different optical-property measurement methods to determine the virtual
image distance: this document, ISO 9241-305 [5] and SAE J 1757-2 [3]. Figure B.1, Figure B.2
and Figure B.3 illustrate the measurement concept applied for this document, ISO 9241-
305:2008, 6.11.1 in particular [5], and SAE J 1757-2 [3], respectively. The triangulation principle

is applied for this document and 10 924 1-305 [5] Whereas the actual vertical Scree
orthogonal horizontal and vertical rulings, which is called paravan thereafter, is used for|9
175712 [3].

The Variable factors dependent on the virtual image distance and the constant factor uncha
by thpt distance are described in each of the three methods in Table B.1;.The virtual i

dista

imaging LMDs in Figure B.1 for this document (see 5.2). The rotation angle of the LMD obt
from the goniometric measurement configuration is used to evaluate'the virtual image dis
in Figure B.2 for ISO 9241-305 [5]. The paravan is moved to the position where both the V
image and the grating pattern in the paravan are in focus in order to measure the virtual i
distapce in Figure B.3 for SAE J 1757-2 [3]. There is howeverlimitation in the measurem

the g

binogular disparity information cannot be measured by ¢he proposed method in SAE J11]

[3]. H

measdluring the virtual image distance using the physical paravan.

ce is evaluated using the binocular disparity information obtained~from the m{

with
AE J

nged

mage

ltiple

hined

ance
irtual

mage
bnt of

eometric property for the 3D virtual objects with parallax (see Figure 12) sincg¢ the

(57-2

or the HUD providing the tilted virtual-image.plane, there are practical difficulties in
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Table B.1 — Comparison of the optical-property
measurement methods for virtual images

IEC 62629-62-11

1SO 9241-305:2008 [5]
(particularly 6.11.1)

SAE J 1757-2 [3]

This document specifies the
standard measuring conditions
and measurement methods for
determining the optical
properties of the virtual-image
created by 3D display devices

In6.11.1.

Applicability: Monocular and
binocular (both eyes, separate
optics, identical images) near-
to-eye displays, which produce
a virtual image.

This SAE standard provides
measurement methods to
determine HUD optical
performance in typical
automotive ambient lighting
conditions.

Scope such as head-up displays. It
can also be appled o1 e 30 | This procedure does NOT
superimposed visual apply to stereoscopic vision
mformatlon on the external (different image for each eye)
field. or two-eye monocular (one
large optics for both eyes)
devices.
Princjple
applied for the Triangulation Triangulation Focu§ on virtual image of
measurement physical paravan
method
NumBber of 1 LMD with movement 1 LMD with movement

imaging LMDs

(or 3 LMDs)

(or 2 LMDs)

1 LMD

Variaple factor

Binocular disparity information

dependent on . . . LMD rotation angle based on "
. R in the multiple images - Position of the paravan
virtugl image goniometer
. captured by LMDs
distance
E:::; l?‘ntefdatk:)tor Distance between multiple
g Y |LMDs (see 5.2) and the field of | Distance.between two LMDs LMD position
the virtual .
. . view of the LMD
image¢ distance
Method to T_rlangulatlc_)n us_mg_the . JTriangulation using the Mov_|_ng the paravan to the
. binocular disparity information . position where both the vjrtual
determine . 4 . rotation angle of the LMD and |: h
. . between multiple images usihg . image and the grating paftern
virtugl image . . the distance between two . )
. LMDs and field of view of the in the paravan are in focys
distance LMDs
LMD
For the captured For the captured
images by LMDs images by LMDs
for thefar target for the near target
Left
; LMD
""" [[[[[[m ’/ Field of
‘ view of LMD
‘ = )/ /
I z
: - U
\ Virtual image Virtual image
MI ,,,,,, -\ (near target) (far target)
Right
LMD
T O
Disparity for
the far target 1 LJ ~ Disparity for
the near target

IEC

Figure B.1 — lllustration of the measurement concept applied for this documenta
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LMD LMD
rotation rotation
angle g, angle Gpeqr
(far virtual image) (near virtual image)

Left LMD
Right LMD
Virtual image Virtual image
(near fnrgnf) (fa_r_ta_[ge_t)
IEC
Figure B.2 - lllustration of the measurement concept applied

for 1ISO 9241-305:2008, 6.11.1 [5]

Moving paravan

N

S

- /

LA

.

Moving rail

Virtual image Virtual image
IEC

Figure B.3 - lllustration of the measurement concept applied for SAE J 1757-2 [3]
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Annex C
(informative)

Additional information for geometric property measurement
of 3D virtual images using imaging LMDs

General

2022

In 5.2, the measurement method is defined for the geometric property of 3D virtual images using

three
Anne
appli
imagi

Cc.2

A 3D
lights
one
circle
be C
positi
corre
way

pressg
numhb

;IIIGU;IIS LMDa T;IU 'uab'r\yluuuu' fUI t:IU DU:Ubt;UII Uf t:IIUG illlagillg LMDa ;D ;IItIUUIUL
X C. The possibility of error in the determination of the virtual-object location b
tation of two imaging LMDs is also explained. The geometric calibration process ¢
ng LMD is also provided in Clause C.3.

Reasons for the necessity of using three imaging LMDs

HUD is made up of a real 3D display and the optical components)of lens and mirror
from the circle reproduced on the real 3D display (R in Figure,€.1) do not converg
irtual position due to aberration by the lens in the HUD unit that can lead to two V
s of A and B in Figure C.1. As a result, the 3D virtual-object location can be estimat
based on triangulation using the two virtual circles of A<and B. The error in estimatin
on of a virtual object due to lens aberration cannot be detected because the numt
sponding positions between two LMDs is only one(C in Figure C.1). There is therefo
o determine the accurate location of the corresponding virtual circle against the
nted on the real 3D display using two LMDs. This limit can be overcome by increasin
er of imaging LMDs.

Estimated position of the 3D circle
Y based on triangulation using two

/ positions of A and B

Virtual 3D circle
captured by left LMD

Virtual 3D circle
captured by right LMDy

LMD \
i ‘nR\

ed in
y the
f the

. The
b into
irtual
ed to
g the
er of
re no
circle
g the

P
b“‘ ,\
'y Circle on real
3D display

HUD unit

IEC

Figure C.1 — Limit in the determination of the location of
a 3D virtual object using two imaging LMDs

Three imaging LMDs with the same gap can prevent a wrong estimation by determining the
location of the virtual object that satisfies the condition described in Formula (C.1). In this
condition, the disparity values between “left and centre” and “centre and right” imaging LMDs
are identical, indicating that three imaging LMDs can capture the 3D virtual object at the same

positi

on (E in Figure C.2).
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7 —

vy

L R
My — nyj

where

lj ’

C

mk m; , and m; are the pixel indices of the captured images (by left, centre, and right L

(C.1)

MDs)

for the corresponding 3D virtual circle of the R on the real 3D display in

Figure C.2.

The d
In cd
aberr

C3

The i
Figur
(see
plang
such

nclusion, the erroneous determination of the 3D virtual-object position dug]to
ation can be solved using three imaging LMDs.

Estimated.position of the 3D circle
based‘on triangulation using two
positions of A and B

LMDg

&N

» :
a ( ' Circle on real

..#’\ 3D display

HUD unit

IEC

Figure C.2— Determination of the location of
a 3D yirtual object using three imaging LMDs

Geometric calibration process for the imaging LMDs

maging LMB.is used to measure the geometric locations of the virtual image plane
e 1) and the-3D virtual object that can be placed in the front/back of the virtual image
B.2). The.imaging LMD image is obtained by projecting points in 3D space ontoa 2D i
. The actual 2D image is greatly affected by the mechanical parts inside the imaging
asthe lens, the distance between the lens and the image sensor, and the angle fo

by th

etails about the pixel index of the captured image by imaging LMDs are given in Figlire 5.

lens

(see
blane
mage
LMD,
rmed

lens and imngn sensor \When r\nlr\lllnfing the pncifinn where 3D pninfe are prnjnpf

ed on

the image or conversely restoring the 3D spatial coordinate from the image coordinate, accurate

calcu

lation is possible only by removing these internal factors.

An imaging LMD calibration process is executed to align the imaging LMDs at the centre of the
eye-box (see Figure C.3). The imaging LMD calibration estimates the intrinsic and extrinsic
parameters. The extrinsic parameters are related to the geometrical relationship between the
imaging LMD and the external space, such as the installation height and direction (pan, tilt) of
the imaging LMD. The intrinsic parameters refer to the internal parameters of the imaging LMD

itself,

such as the focal length, aspect ratio, and centre point of the imaging LMD.
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To determine these parameters, the following procedures can be applied:

a) calculate the intrinsic matrix:

fio 0 C,
Intrinsic matrix=| 0 fy C,
0O 0 1

W
Sy
(d

ICTT

andfy are the focal lengths expressed in pixel units in x and y directions;

" Cy) is a principal point that is the optical centre of the imaging LMD lens;

b) calculate the field of view from the intrinsic matrix:

w

w

w

—, FOv, —2tan 1
f 27,

JX

FOV, = 2tan™" 5

here
and & are the horizontal and vertical resolution;

c) calculate the extrinsic matrix for three imaging LMDs:

w
R

d) calculate a (the gap betweehthe left and right imaging LMDs) from the extrinsic matri

2|:)l-MDIeft = [R1’T1]’ 2Dl-MDcentre = [RZ’TZ]’ 2|:)l-MDright = [RB’TCS]

here
and T are a rotation and a translation matrix; and

=7 - |+ |5 - |

O O 7

(C.2)

(C.3)

(C.4)

(C.5)
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