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Foreword

[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out through
ISO technical committees. Each member body interested in a subject for which a technical committee
has been established has the right to be represented on that committee. International organizations,
governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely
with the International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.

The procedures used to develop this document and those intended for its further maintenance are described
in the ISO/IEC Directives, Part 1. In particular, the different approval criteria needed for the different types
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Introduction

In current standards, spectacle lenses are mostly treated as two-dimensional objects.

However, knowing their three-dimensional geometrical properties is helpful to fully understand their
optical effects. Therefore, these are already taken into account in the industry in some instances, e.g. to
increase the performance of products and the accuracy of measurements.

The aim of this document is to deliver background information on this topic, to provide helpful terminology
including parameters, and to present some ways of dealing with their impacts. It is intended as a source of
information to the manufacturers of spectacle lenses measurement systems, and mounting equipment as

We]l as te tha ontoranteis and Aot g o faccinnc
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Technical Report ISO/TR 11826:2024(en)

Ophthalmic optics — Spectacle lenses — Aspects of three-
dimensional properties and reference markings

1 Scope

e A ab a-asp pects 2 retr—eynting in
gives possible details of how these aspects can be taken into account, particularly for let}ses with
their perimanent reference engravings (markings) on their back surface.

2 Normative references

The following documents are referred to in the text in such a way that some or all gf their content copstitutes
requirements of this document. For dated references, only the edition cited applies. For undated references,
the lates} edition of the referenced document (including any amendments) agplies.

ISO 13646, Ophthalmic optics — Spectacle lenses — Vocabulary

3 Terms and definitions
For the gqurposes of this document, the terms and definitions‘given in ISO 13666 apply.
ISO and JEC maintain terminology databases for use in standardization at the following addresses:

— ISO Dnline browsing platform: available at httpst//www.iso.org/obp

— IEC Electropedia: available at https://wwwrelectropedia.org/

4 Technical background

4.1 Gdneral

Changes|in the method of manufacture of spectacle lenses and in the styling of some spectacle frames have
generateld problems of positioning lenses correctly in the frame that did not occur in the 20th|century.
Conversgly, free form mantufacture allows the benefits of individualized computer enhancement gnd more
sophistidated lens designis but requires an improved, and available, ability to position lenses.

Many aspects related to the use of free form technology are explained in ISO/TR 18476[1, which algo covers
optical effects-relevant to the topics discussed in this document.

4.2 Speciaclelenses

The reference points and design reference points are specified in ISO 13666 to be on the front surface of the
lens. This is logical, in that the marking device on focimeters dots the front surface of the lens, in particular
the optical centre for single-vision lenses. This dot is used for positioning the uncutlens correctly for edging it
to shape for mounting in the frame. Although errors in prism imbalance (relative prism error) are generated
if lenses are not correctly centred in the frame in front of the eyes, there is no or little effect on the binocular
field of view for single-vision lenses or for the far and near fields of view with multifocal lenses. Position-
specific single-vision lenses and power-variation lenses have, however, to be positioned so that their optical
properties including, where applicable, the (intermediate) corridor and near portion are aligned with the
eyes. The conventional construction of progressive-power and degressive-power lenses was to use a blank
with the power-variation surface moulded (or sagged for glass blanks) on the front surface of the blank, then

© IS0 2024 - All rights reserved
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surfacing the prescription onto the back surface. The two permanent alignment reference markings were
positioned on the complicated surface, and thus automatically on the front, and were used to generate the
reference point for mounting the lenses.

The ability to combine the prescription and complicated surface of power-variation lenses on the back
surface and generate this using free form technology - see ISO/TR 18476[1] - means that the permanent
alignment reference markings are now usually positioned on the back surface of the lens. These markings
are, however, viewed through the front surface when positioning the uncut lens for mounting in the frame.
Prism incorporated in the lens, whether prism thinning or prism required by the lens order, displaces the
apparent position of these markings and hence the midpoint between them, while the convex front surface
will magnify their separation. Position-specific single-vision lenses also have complicated back surfaces
generated with free form technology, and are likely therefore also to be marked on the back surface.

In many fespects, it is more logical to have the reference points on the back surface of the lens, sineelit is rays
leaving the back surface that enter the eye, but this change requires an enormous change to-the m¢thods of
working|in the lens mounting industry, including non-permanent lens inking and edgingcblock pogitioning
presently on the front. Moreover, nose pads and spectacle sides are likely to be in the way when measuring
the positioning of mounted lenses. Changing to using the back surface for reference points for |enses is
therefore a “non-starter”.

4.3 Spectacle frames

Until the early 2000's, spectacle frames had fronts which were relatively flat so that the two lendes lay in
the sam¢ plane, or nearly so. Since then, a minority of frames have’been designed with a signififant face
form or wrap angle (see ISO 8624[21). This can have an effect on the'decentration needed - the gedmetrical
relationghip between various distances is given in the notes to{entry for the term “centration point” in
ISO 13646.

Key
a as{worn fage.form angle
d digplatement

centre’thickness

Figure 1 — Displacement caused by the face form angle and lens thickness

An additional point for lenses in frames with significant face form angle is the thickness of the lens. The
front surface can lie in front of the plane of the lens shape or of the dummy/demonstration lens by an amount
depending upon the centre thickness of the lens and the position of the peak of the bevel relative to the edge
of the lens. This results in a nasal displacement between the centration point on the front surface and the

© IS0 2024 - All rights reserved
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intersection of the normal to the front surface at this point with the back surface. As shown in Figure 1, this
displacement, d, can be calculated by Formula (1):

d=t.tana (@8]

e.g. 0,67 mm for a lens 2,5 mm thick or thicker than the dummy lens for a face form angle of 15°.

The as-worn pantoscopic angle can have a similar effect on vertical centration, but at least the errors are in
the same direction in both lenses rather than additive with base in or base out for the face form angle. If the
vertical component of the centration point position is measured in the plane of the lens shape, no errors are
expected to occur, but if it is measured projected onto a vertical plane, e.g. by a digital dispensing system
that doesnot take account of the as-worn pantoscopic angle, then erraors could occur. If the height measured
in the vdrtical plane is y and the as-worn pantoscopic angle is 6, then the height y' in the planeof the lens

shape as|shown in Figure 2 is given by Formula (2):

y’ =)}cos 0 (2)

Taking ap example of an as-worn pantoscopic angle of 10° and a centration point height of 20 mm ffrom the
tangent fo the bottom rim, the required measurement in the plane of the lens shape is only about [0,31 mm
larger thian the apparent measurement in the vertical plane, but for a pantoscepic angle of 15° itis §,71 mm.
At the cqntre of rotation of the eye, about 27 mm behind the lens, these distances correspond to just over
1,0 A anfl 2,5 A respectively. The wearer can compensate for such a small“induced prismatic eff¢ct by an
upwardg or downwards gaze movement.

Key

y apparent heightdiieasured in a vertical plane
y' he|ght measured in the plane of the lens shape
0 as{worn pantoscopic angle

i 2_p ial in fittine heieht with the as- : ]

5 Influence of three-dimensional effects and necessity to deal with them

5.1 Optical effects

Optical aberrations in conventional spectacle dispensing can be minimised by decentring the optical centre
of the lens horizontally and vertically in the spectacle frame so that the optical axis of the lens passes
approximately through the eye's centre of rotation, the "centre of rotation condition". With a relatively flat
fronted spectacle frame (see 4.3), matching the centration distance to the wearer's monocular centration

© IS0 2024 - All rights reserved
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values is sufficient to achieve the horizontal requirement. In the vertical direction, the optical centre is
usually positioned below the pupil centre position, i.e. the visual point, V, when the wearer's eyes are looking
in the primary direction, (Key 1 in Figure 3), i.e. the eyes are in their primary position. This is because, as
pointed out by Jaliel3], most frames are designed to have the plane of the spectacle lens (‘plane of the lens
shape’) approximately parallel to the plane joining the supra-orbital ridge to the chin, giving an as-worn
pantoscopic angle of 5° to 15°. This centre of rotation condition is satisfied if the optical centre is displaced
downwards by 1 mm for each positive 2° of as-worn pantoscopic angle - the "dispenser's rule". In most cases,
the frame manufacturer's choice of vertical boxed lens size, bridge dimensions (including bridge height)
and angle of side (or ‘frame pantoscopic angle’) means that the horizontal centreline of the frame is usually
4 mm to 5 mm below the pupil centre so that very little vertical decentration from the horizontal centre line
is often needed. See Figure 3 a), which illustrates the back surface of the spectacle lens and the eye.

vV 1
/
O\

v 1
/

e
-/ 2&

0

a) Conventional dispensing

///\/

b) Dispensing of a steeper base curve lens with high as-worn pantoscopic angle

1  prinary direction

O  optifal centre of'the lens

V  visupl pointinthe primary position
Z  cenflre of rotation of the eye

C, centfeof rotation of the back surface of the lens

¢  angle of obliquity on leaving the lens when viewing in the same direction as in the upper diagram
Note that the centre of rotation rule is satisfied in a) but not in b).

Figure 3 — Conventional and sports-vision dispensing

Satisfying the centre of rotation condition means that when the eye rotates away from the optical axis of
the lens, relatively simple spherical surfaces can give good optical performance in the periphery when using
one of the various types of “best form” lens, for example, the choice of minimising the oblique astigmatism

© IS0 2024 - All rights reserved
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error!) or the mean oblique errorl). Figure 5 a) shows that the angles of refraction ¢, and ¢y, at angles of gaze
25° above and below the optical centre are equal.

Frames with deeper lens shapes and probably smaller angles of side to avoid the lower rim resting on the
cheeks and, conversely, frames, often for sports-vision, with larger angles of side giving larger as-worn
pantoscopic angles and probably with significant face form angles are likely to make it difficult to apply
the dispensing rule mentioned above without creating excess lens thickness at the upper or lower rim.
Figure 3 b) shows the situation of a steeper-than-normal base curve for the lens combined with a high
as-worn pantoscopic angle so that the optical axis of the lens does not pass through the eye's centre of
rotation. Even when viewing through the optical centre of the lens, positioned in the same relative place
as in the Figure 3 a), the oblique ray path induces oblique astigmatism. An approximate expression for this
astigmatism, 4, is given by Jaliel4l in Formula (3):

Az[s~tan2¢ (3)

where:

¢ |is the angle of obliquity, and n is the refractive index;

F, |is the sagittal power of the lens, given by
)
F - MJ ; )
2n

and F in Formula (4) is the power of the lens.

This oblique astigmatism compounds with any cylindrical correction required in the lens. The obliquity also
produce§ the very small change in the spherical componentof the lens power from F to F,. For example, for a
+5,00 D gphere lens in 1,6 index material tilted through ¥2°, F, = +5,068 D and A = 0,23 D.

Provided the lens manufacturer is supplied with thé dispensing data (centration point and visyial point
positiong for single-vision lenses and just the centration point position for power-variation lenses yertically
and horigontally relative to the frame, vertex distance, as-worn pantoscopic and face form angles)| the lens
manufacturer can calculate the compensatéd power of the lens at the optical centre or design reference
point that gives the wearer the ordered power when viewing through the lens. To take care of any potential
differende between the power experiénced by the wearer and the power displayed by a focimgter (see
ISO/TR 18476[11 and 1SO 13666:2019;:3.10.15, Note 2 to entry, for details) the manufacturer can pr¢vide the
value of the power (termed “verification power” in ISO 13666) that is expected to be found as the rieasured
power when verifying the lens, 0n a focimeter according to ISO 21987[7], SO 8980-1[8] and 1SO §980-2[21.
Figure 4|gives an idea of therelationship between the various powers mentioned.

1)  BS 3521-1[2] defines this as the difference between the tangential and sagittal oblique vertex sphere powers, the
latter being subtracted algebraically from the former.

© IS0 2024 - All rights reserved
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MEASURED POWER

Written on the prescription: OPTICIAN
Prescription #1 PRESCRIBED POWER
Adapts the prescription:
Vertex distance
Near or intermediate
working distance
Binocular balance @
Written on the order:
MANUFACTURER LUIDIEAED PO This gives prescription #2
Calctilates both the power to
be nlade, which respects
presfription #2 in wearer
conditions®, and the Written on the lens packet: OPTICIAN
veriffication power — ORDERED POWER — Measuresthelens to obthin
VERIFICATION POWER
the measured power
Focimet trol usi
Displayed by the focimeter: apgreter contro” using
<+—— wverification power as

reference

WEARER

Perceives prescription

#2 when wearing the
spectacles

a In sdme countries, the person dispensing the spectacles is permitted to refine the prescribed power.

b As-worn position and other applicable paraméters such as the chosen working distance and physiological factors.

fSOURCE: ISO 13666:2019, Figure 8]

Figure 4 — Relationship between the various powers

Conversgly, in Figure 5 b), the) distance between the eye and back surface of the lens and the|angle of
refractign of rays leaving thellens varies asymmetrically above compared with below the optical centre. The
same effgct applies in thehorizontal where there is significant face form angle. As pointed out by Jaljiel®], this
compendation, if applied’to a standard best form single-vision lens, is correct for only the distande design
reference point of thedens (in the case of alens designed for distance vision), not the periphery. Compensation
for both|the distan’ce design reference point and for the varying angles on incidence in the periphery of
the lens [can he-earried out using modern computing methods and free form lens manufacture. Ajs always

with fre¢ form'technology, the effect of the optimization varies widely with the level of sophistication of the
algoritthmWWMmMMMnﬂnf powers

or methods for the periphery are specified in the international standards.

2)  While a simple toric superimposition does not achieve much more than can be done with conventional tooling,
an algorithm providing sophisticated pointwise optimization allows for eliminating power errors due to the as-worn
orientation of the lens even in the far periphery. However, there is a growing trade-off between eliminating power errors
and generating other unwanted optical effects like image distortion when moving away from the design reference point.
This is especially noticeable in binocular assessment of large lenses with high as-worn face form angles. (For a detailed

assessment, see Becken et al.[11]),

© IS0 2024 - All rights reserved
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a) Conventional dispensing

///‘(
— C2

b) Dispensing of a steeper base curve lens:with high as-worn pantoscopic angle

Key
1 prjimary direction

opltical centre of the lens
\Y visual point in the primary position
Z centre of rotation of the eye
C, centre of rotation of the back surface of the lens
0] arjgle of obliquity on leaving the lens when viewing in the same direction as in the upper diagram
¢, ¢y, angle of refraction on leaving-the lens when viewing 25° above and below O
Note that|the centre of rotationrule is satisfied in a) but not in b).

Figure 5 — Conventional and sports-vision dispensing

5.2 Rdference points on front surface versus back surface meeting the eye in as-worn
positio11

The standards 1SO 2198717l ISO 8980-1[8] and ISO 8980-22] stipulate that position-specific single-vision
lenses and power-variation lenses such as progressive-power lenses have permanent alignment reference
markings comprising two marks located nominally 34 mm apart, equidistant to a vertical plane that passes
through the fitting point or prism reference point and contains the normal (perpendicular) to the surface at

that point.

When the markings are engraved on the front surface (see Figure 6 a)), the determination of the location of
the different reference points can be done with a fair precision as all these points are defined with respect to
the front surface according to ISO 13666. The positioning of the lens with respect to the eye's pupil centre in
the as-worn condition is done taking into account the prismatic deviation induced by the lens as illustrated
horizontal ray passing through the pupil centre of eye and deviated by the lens. In Figure 6 a), we

with the

© IS0 2024 - All rights reserved
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consider that O corresponds to the fitting point. When the markings are engraved on the back surface
(Figure 6 b)) of the lens, no information is usually provided on how to transfer their position to the front
surface's coordinate reference system in order to determine the location of the reference points. This can
however influence the fitting of the lens into the frame or the position of the reference points at which the
lens is verified.

Indeed, when the markings are engraved on the back surface and one looks at their images produced by the
lens's front surface, one can notice that their location changes with the viewing direction. If the lens is, for
instance, in a frame with a significant face form angle, the apparent position of the images of the markings
on the front surface can be inaccurate with respect to their theoretical position, which then can lead to a

shift of a

1l reference points.

Key
E;rand E
O
E;gand E
Og

O'p

Figure 6

This is il
marking
front suf
front suf
dots pro
marking

ElF ElB
Op
Or O'r
EZF EZB
a) Markings on front surface b) Markings on back surface

b markings positioned on the front surface (+17 mm apartfrom its centre Op)
origin of front surface, midpoint between E; and E,
bg  markings positioned on the back surface (+17 mmd@part from its centre Og)
origin of back surface, midpoint between E; and E,

theoretical centre on the front surface when information is provided on how to pass Og from
surface’s coordinate system into the front,surface's one

ustrated in Figure 7 for a #4:D lens with a prism thinning of 2 A at 270°. The grey dots repr
s Eqp and E,p engraved on-the lens's back surface. The black dots are the apparent positios

face at O'r and with-an azimuth of 135°. The black cross represents the midpoint between
ected onto the léng’s front surface. Finally, the rectangular boxes show the nominal locatid
s Eqp and E,pifthey had been put on the front surface and the white cross shows the nomin|

O’z on thle lens's front‘surface. As can be observed, the two crosses do not match. The front surface|

obtained

from thé image of the markings does not match the nominal one.

the back

— Illustration of markings engraved on the front and the back surface, as viewed from above

bsent the
s on the

face of the images of the engravings when viewed with an angle of about 27° from the normal to the

the black
ns of the
al centre
position

© IS0 2024 - All rights reserved
8


https://standardsiso.com/api/?name=8be7ad2523d22c936c79a336e523f00e

ISO/TR 11826:2024(en)

~
)
<

front reference marks (E;pand E,p)
images of back surfacearks

back surface marks\(E; g and E,)

nominal centré-on the lens's front surface (0'g)

+ 4+ °®n

midpointbetween the black dots projected onto the lens's front surface

FiFure 7 — Apparent displacement of back surface marks when viewed through the lens

Another issue can arise if the lens has semi-permanent (removable) ink markings on its front surface that
are not in line or centred with respect to the image of the back surface markings through the lens: is the lens
to be fitted with respect to the semi-permanent ink markings or the image of the markings through the lens?

Finally, when calculating a lens in the as-worn conditions (taking into account the as-worn pantoscopic
angle, the as-worn face form angle, and the cornea vertex distance), the lens is normally positioned so that
the image of the fitting cross (Og) on the front surface (cross in Figure 6 a)) is aligned with the centre of the
pupil, possibly compensating for the optical deviation induced by the lens. This is illustrated in Figure 6 by
the ray that passes through both O or O’p and the pupil centre and that is shifted from the eye's optical
axis which is represented by the dashed line. In general, the prismatic deviation induced by the lens in the
as-worn condition is small and can be neglected for the fitting. However, if the lens is thick and the face form

© IS0 2024 - All rights reserved
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angle is significant, it could result in mounting errors if the monocular pupillary distance is strictly applied
horizontally to fit the lenses into the frame.

5.3 Positioning errors from the images of markings on the back surface

5.3.1 General

The following study illustrates the influence of the viewing direction and lens deviation effects on
establishing the reference point positions on the front surface of a lens when the reference markings are
on the back surface, i.e. the errors produced when establishing a front reference coordinate system from
markings on the back surface.

This stu
used to

directior
the front

In the fo

5.3.1.1

The mar
coording
tangent |

Key
1 bacl

2 fronft surface

In this b

dy considers spherical single-vision lenses with markings on their back surface. Rayt
letermine the position of the images of these markings on the front surface for different
|s and to calculate the positioning error they introduce when they are used to locate the
reference coordinate system.

lowing, the approach detailed in 6.2.3.3 is used to present the calculations and results foul

Back surface marking positions

kings Ep and E,p are located on the back surface as displayed jimFigure 8 with the back 1
te system defined with its origin at Op, with the normal to this point being the zg axis
plane being the plane (xg, yg).

\
\ \
\ \ de \ 1
\ \A/\

E surface

Figure 8 — Horizontal cross-section

ek, surface coordinate system, the positions of the permanent alignment reference mar}

racing is
viewing
origin of

nd.

eference
and the

(ings are

given in

1 L0
UL Hiulda {( JJ.

Eig= (X1 Y1p Z18) = (-de, 0, 213)

Ep = (X2p, V2ps Z28) = (de 0, Z53)

with d, = 17 mm
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5.3.1.2 Image of markings at the front surface

When looking at the markings E; and E,; from the front surface side of the lens, their images [, and I, can
be seen. The point M is defined as the midpoint between I and I,p.

The position of I, and I, depends on the lens and the viewing direction (see Figure 9).

The viewing direction is defined with respect to the theoretical front reference coordinate system, which
is positioned according to 6.2.3.3, and with O coinciding with the engraving reference point (ERP) for this
study. Its axes are (xp, yp zp) with z; being the normal to the front surface at Op.

. 2
s ] P/
/

T

Key
1  viewing direction
2 viewing azimuth
3 viewing angle

Figure 9 — Horizontal cross-section (leff))and Viewing direction (right)

Two parameters characterize the viewing direction:
— viewing angle: angle formed between the viewing direction and the z axis;

— viewiing azimuth: angle formed by the prejéction of the viewing direction on the (xp y) plane and the xj axis.

5.3.1.3 | Image positions of the engraved markings in the front surface coordinate system

The thegretical front reference éoordinate system is (xp yp zg) with its origin at the O - see Figure[10.

© IS0 2024 - All rights reserved
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JF

Figure 10 — Tangential plane of front surface at Oy, the real ERP

In this rgference coordinate system, the positions of I and I, are given by Formula 6 as:

Lir =(X1p V1P Z15)
Lor =|(X2p Yop Z25) (6)

and the position of My by Formula 7 as:

Xvr q (X + X2p)/2
Yur 3 W1p +Y2p)/2 (7)
Zyr (215 + Z25)/2

Projectefl in the plane (xg\Vg), i.e. the tangential plane to the front surface at O, the point M coqrdinates
becomes My (xyp Vup)-Flie'radial distance r representing the positioning error between the reconstructed
front refprence origin’My and the front theoretical origin Oy is given by Formula 8 as:

TF =1 XI%/IF+.yl%/lF (8)

5.3.2 Simulation results

The following single-vision lenses have been used for these simulations:
— Front surface: spherical

— Back surface: spherical

— Index of refraction: 1,5

— Prescription range:

— Sphere: [-10 D to +8 D] in 2 D steps

© IS0 2024 - All rights reserved
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— Prism: 0 Aand 3 A, Base 270° 315° and 360°
For each lens, the viewing direction was varied as follows:
— Viewing angles = 0°, 5°, 10°, 15°, 20°

— Viewing azimuths = [0° to 315°] in 45° steps

5.3.2.1 Midpoint between the images of the engraved markings measured in the front surface
coordinate system

The prOJectlon of the mldpomts MF on the theoretlcal front reference coordinate system plane (OF, Xp VF)
of all lensestsshownintisurett—Theteft Bt apu corY copuudo totenseswithno Pt tsmrand-theright graph

correspdnds to lenses with a prism of 3 A.

Y 2
1,5 T 1,54 _
1 i 1 - o
R e e S v - . MNNS VN S 0,5 :
Y “\/ Y
( J PR S Py MR N B 0 -
0,5 - : «* : s, ) 0,5
-l ‘ -1 A @
A5+ SRS SR - N .
D -2
-2 -15 -1 -05 0 05 1 15 2 -2 -15 -1 05 0 05 1 15[ 2
X X
a) Lens prismof0 A b) Lens prism of 3 A
Key
Viewing angle (°)
O 20
15
° 10
°
°
X Xy (mm)
Y  yuf(mm)

Figure 11 — Projection of midpoint Mg on the front surface coordinate system

As the viewing azimuth step was 45°, a star like pattern can be observed. With the increase of viewing angle,
the fluctuation of the projection of the midpoints My also increases, i.e. the positioning error between the
reconstructed front reference origin My and the front theoretical origin O can potentially be higher.

Table 1 shows the maximum radial distances r,,, between the theoretical origin O and the midpoint Mp.
The left table corresponds to lenses with no prism and the right table corresponds to lenses with 3A prism.
The values of rg ., can be found for the different viewing angles and the lens's spherical power.
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Table 1 — Values of rg ,,, in millimetres

Viewing angle Viewing angle
) )
0 5 10 15 20 0 5 10 15 20
-10 0,00 | 0,23 | 0,46 | 0,70 | 0,93 -10 0,21 | 0,44 | 0,67 | 090 | 1,13
-8 0,00 | 0,19 | 0,39 | 0,59 | 0,78 -8 0,17 | 0,36 | 0,56 | 0,75 | 0,95
-6 0,00 | 0,16 | 0,32 | 0,48 | 0,64 -6 0,13 | 0,29 | 0,45 | 0,61 | 0,77
-4 0,00 | 0,23 | 0,25 | 0,38 | 0,51 -4 0,11 | 0,24 | 0,36 | 0,49 | 0,62
Sph -2 0,00 | 0,09 | 0,18 | 0,28 | 0,37 Sph -2 0,08 | 0,17 | 0,26 | 0,35 | 0,45
(D) 0 0,00 0,06 0,12 0,16 0,25 (D) 0 0,06 0,19 0,51 0,44 | 0,57
2 0,00 | 0,09 | 0,17 | 0,26 | 0,35 2 0,04 | 0,24 | 0,43 |-:062 | 0,82
4 0,00 | 0,16 | 0,31 | 0,47 | 0,63 4 0,05 | 0,31 | 0,57 |y 0,83 | 1,10
6 0,00 | 0,23 | 0,47 | 0,70 | 0,94 6 0,07 | 0,39 |.0)72 | 1,05 | 1,39
8 0,00 | 0,31 | 0,63 | 094 | 1,26 8 0,09 | 0,49 "\090 | 1,30 | 1,71
lens prism =0 A lens prism =3 A
Viewingdirection normal to the front surface at Oy (viewing angle = 0°):
— Ifle:[s prism = 0 A then xyr = yyr = 0 mm and Mg is located at O
— Iflens prism = 3 A, the maximum radial distance of Mg with Og,#4¢, ., is 0,21 mm for the -10 D lens
Viewing|direction not normal to the front surface at Op: the maximum radial distance of Mg with O, rgg iax
is influemced mainly by the
— viewing angle,
— lens|centre thickness (high positive powered lenses),
— prism base setting, and
— lens|focal power, especially positive powered lenses with their higher front surface powers.
The posifioning error between the reconstructed front reference origin My and the front theoretical prigin Og
can get hligher than 1 mm when the viewing angle is above 15° and the sphere power, Sph, is high (|Sph| > 4 D).
5.3.2.2 | Theoretical front reference surface origin expressed in the back reference coordinate system
To illustrate the requirement to provide information on how to pass from the back reference cdordinate
system fo the front ofi¢)as mentioned in 6.2.3.3, the theoretical front origin Oy expressed in fhe back
referencg coordinaté'system was plotted in Figure 12. No raytracing was performed in this analyj§is, just a

projectid

n of O ont@ the back surface reference plane (Og, xg, ¥g).
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Key

X horigontal coordinate of the origin of the front reference coordinate system (mm)

Y  vertiral coordinate of the origin of the front reference coordinate system (mm)

Figure 12 — Theoretical front reference coordinate system origin Og
expressed in the back reference coordinate system plane (Og, Xz, Vi)

For lens¢s with no prism, the proejection of O is on Og. The projection of O does not match the pgsition of
Og when| the lens has someprism (prescribed prism or prism thinning for example). The points are in the
horizontpl, vertical and 45> direction as the lenses’ prism bases are 270° 315°, and 360°.

6 Different approaches to specifying measurement positions and alignment

6.1 Gdneral

For spec ficcases; wheremumericatreferencesareneeded; thist eportsuggests ubiug athree=dimensional
coordinate system and specifying the position of the relevant points therein. As this is only relevant in a
business-to-business context, the scheme can either be agreed between the parties involved reflecting an
individual company's features, follow an existing specification like the DCSI10, or use some of the concepts
presented in this clause.

For general use, including by the eye care and dispensing professionals, the current system as specified in
1SO 21987171, 1SO 8980-1[8] and 1SO 8980-2[2] or the like using non-permanent ink markings, permanent
engravings and the appropriate centration charts for the lens design works very well. A numerical approach
is too difficult.

© IS0 2024 - All rights reserved
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6.2 Reference coordinate systems defined by engravings

6.2.1 General

Irrespective of whether the engravings are on the front or the back surface, the reference points are located
on the lens's front surface according to current standards3). The positions of the reference points from the
front surface are defined in 2D (x, y values or horizontal, vertical distances) after orthogonal projection of
those points onto a two-axes reference coordinate plane (orthonormal coordinate system Oxy). The origin
Op of this reference plane is the engraving reference point (ERP), which in turn is located on the front surface
and defined by the two engravings according to the system used. For lenses with spherical front surfaces,
the reference plane4) is the plane tangential to the front surface at the engraving reference point. For lenses
withan . .
lenses, l¢nses w1th aspherlcal front surfaces) the manufacturer can deflne a dlfferent 0r1entat1n of the
reference plane, if needed.

NOTE 1 | The orientation of the reference plane is defined by the intended surface of the lens. Any deviatipns of the
actual sufface, e.g. due to defects, do not change the orientation of the reference plane from thatintended.

NOTE 2 | For lenses with non-spherical front surfaces, the orientation of the tangential.plarnie depends on the actual
design of|the front surface. This design can vary with the addition and other parametefs, even within lenfes of the
same series. Therefore, the orientation of a reference plane defined as a tangential plane can also vary. Furthprmore, it
can becorpe uncertain in case of high curvatures.

NOTE 3 | The prism reference point can coincide with the engraving reference point to allow for easfer prism
checking.

The horifontal orientation, i.e. the x-axis, is based on the alignment of the two reference engravings|- see for
examplep 6.2.2 and 6.2.3. With Oxyz being an orthonormal coordinate system, this also defines the y-axis
lying withhin the reference plane and the z-axis being normal to the Oxy plane.

Accordir]g to ISO 21987, the alignment reference markingcomprise two markings located nominally 34 mm
apart, equidistant to a vertical plane through the fitting point or prism reference point. In Figures|[13 to 17
these mdrkings are assumed to be located (Figuresd3, Figure 14, Figure 15 and Figure 17) at the distance of
d, = 17 mym from their midpoint or appear at this.distance, when viewed from the front (Figure 16)

6.2.2 Reference coordinate system for front side engravings

The pair| of permanent engravings.at\34 mm on the front surface together with a left/right or ip/down
marking| (e.g. the permanent marking indicating the power variation or the manufacturer) and the front
surface ¢ontour (but not the lens's outer shape) are used to define the lens's position and the feference
points' ppsition on the front.surface for blanks and for uncut or cut finished lenses.

Horizonfjally, the ERP is“@point on the front surface that is midway between the two engravings when
viewed lyy an observerlooking at the front surface of the lens, positioned at an infinite distance from the
lens and|viewing along the z-axis as defined in Figure 13. Vertically, the position of the ERP can differ from
the midpoint betivgen the permanent reference markings. This difference (measured in the referenge plane)
is to be stated-by the manufacturer.

NOTE This vertical offset is used e.g., in cases when the permanent markings are applied at the height of the fitting
point to allow for easier checking of the centration once the Ienses are mounted and the non-permanent markings
removed. Schemes doing without this offset, on the other hand, allow for an easier retrieval of the coordinates in an
automatized setting.

The horizontal direction is provided by the orthogonal projection of the line joining both engravings onto
the reference plane Oxy. Figure 13 shows the situation in absence of any vertical offset between the ERP and
the engravings.

3) SeealsoISO 13666:2019, 3.2.15 to 3.2.23, 3.2.34 and 3.16.10.

4)  This plane is defined independently of the plane of the lens shape (see ISO 13666:2019, 3.2.41) and will typically
differ.
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In a simple 2D approach, parallax errors arise when selecting a midpoint on the front surface by viewing this

3D front

surface with a bad viewing direction.

The definition given in the first two paragraphs of this subclause is universally accepted among the lens
manufacturers.

6.2.3 Reference coordinate system for back side engravings

6.2.3.1

A pair of

contour

and refel

Comparg

parallax

the front

Unfortu

significant differences between manufacturers as evidenced below. Therefore, it is of the highest im
for every manufacturer to use.and/or provide clear recommendations and appropriate tooling for
lens positioning and verification.

As for frjont surface €ngravings (see 6.2.2), the vertical position of the ERP can differ from the

Figure 13 — Front side engraving

General

permanent engravings at 34 mm on the bagk*surface together with a left/right marking
bf both back and front surfaces (but not the'lens's outer shape) are used to define the lens's
ence points' position on the front surface for finished lenses in uncut, cut, and mounted st

d to frontside engravings, the case 6f‘backside engravings is much more complex. Moreove
effects arise due to the refractigneffect when viewing back side engravings through the |
side (see 5.2 and 5.3).

ately, contrary to the case of frontside engravings, there is no universal approach, res

and the
position
htes.

1, higher

ens from

ulting in
bortance
accurate

midpoint

between|the permadnrent reference markings with the offset (measured in the reference plane) to lpe stated

by the mpanufacturer.

Examplefs of'methods used to transfer back surface permanent reference engravings to the referen
on the frjonPsurface are presented in the following subclauses. For easier reading, this is done for

Ce points
the case

without any vertical offset between the ERP and the mid-point between the engravings. However, such an
offset can easily be included.
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Contrary to the case of front engravings, in the general case of backside engravings, it is possible that the
horizontal direction is not provided by a simple orthogonal projection of the line joining both engravings
onto the plane tangent to the surface at the engraving reference point.>)

The engraving reference point position differs significantly when applying different manufacturers' rules for
a given lens. An easy example is provided by comparing the ERP positions from Figures 14 and 15. This effect
is greater with higher ‘centre’ thickness and prism values. As an illustration, Figure 12 provides simulated
ERP distances for the “projection perpendicular to the front surface” (see 6.2.3.3) option, to be compared
to the “projection perpendicular to the back surface” (see 6.2.3.2) option where the prism reference point
would be at (0,0).

The “optical projection” option from 6.2.3.4 (Figure 16) ‘mimics’ the rules applied to the front side
engravings.

6.2.3.2 | Projection perpendicular to the back surface

The midpoint Oy between the two back surface engravings is projected to the front-surface alopg a line
that is nprmal to the back surface at Oy (see Figure 14). This projected point becomes the origin Dy of the
referencg coordinate system on the front surface and is the ERP.

Y Zg

Figure 14 — Back side engraving with projection perpendicular to the back surface

6.2.3.3 | Projection perpendicular to the front surface

The midpoint Og betweefthe two back surface engravings is projected to the front surface along a|line that
is normdl to the front surface at the projected point O (see Figure 15). This projected point becpmes the
origin Oy of the reference coordinate system on the front surface and is the ERP.

5) Anexample is provided by the case of optical projection (see 6.2.3.4) where the line segment joining the two images
of the engravings as viewed on the front surface is used to define the horizontal direction by the orthogonal projection
of the line joining both engraving images onto the plane tangent to the surface at the engraving reference point. With a
prism at 225° resulting from a horizontal prism in addition to thinning prism, the lens thickness is not the same for both
engraving positions and the line segment joining the two images of the engravings as viewed on the front surface is not in
the same plane as the segment line joining both engravings on the back.
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ZF

Figure 15 — Back side engraving with projection perpendicular to the front surface

6.2.3.4 | Optical projection of engravings

The ERP|is a point on the front surface that is midway between the apparentpositions of the two engravings
when vigwed through the front surface of the lens by an observer positietied at an infinite distance|from the
lens and with the viewing axis perpendicular to the front surface at the ERP (see Figure 16). The origin O of
the reference coordinate system on the front surface is the ERP.

Figure 16 — Back side engraving with optical projection of engravings

6.2.4 DPata.Communication Standard (DCS) from the Vision Council

Due to the large diversity of the rules used by various manufacturers, instead of communicating the option
to be handled in each case, the following flexible approach is used in the DCSI10l, However, the shape of the
back surface is needed for some of the transformations mentioned in 6.2. For example, it does not allow
a vertical offset between the ERP and the engravings to be defined without establishing a back surface
coordinate system.

The more complex case of back side engravings led to the need of the BRERA angle from the DCS standard
providing the orientation according to a selected reference orientation.

The existing rules (see 6.2.2) for front side engraving have been transferred to the case of back side
engravings for defining a transitional reference coordinate system (Oxyz) - see Figure 17. This back
reference coordinate system with its origin BRP (back engraving reference point, Og, from 5.2 and 5.3) on
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