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Foreword

ISO (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 procg¢dures 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 fypes of ISO documents should be noted. This document was drafted in accordance with the
editorial ffules of the ISO/IEC Directives, Part 2 (see www. iso. org/directives).

Attention|is drawn to the possibility that some of the elements of this document may.be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such patént rights. Detailg of
any pateng rights identified during the development of the document will be in the Introduction andjfor
on the IS{ list of patent declarations received (see www. iso. org/patents).

Any tradg name used in this document is information given for the convenience of users and does not
constitute{an endorsement.

For an explanation on the voluntary nature of standards, the meaning ©f ISO specific terms and expressigns
related to|conformity assessment, as well as information about\ISO’s adherence to the World Trdde
Organizatlon (WTO) principles in the Technical Barriers to~Trade (TBT) see the following URL:
www.isoorg/iso/foreword. html.

This document was prepared by Technical Committee ISO/TC 172, Optics and photonics, Subcommittge
SC 7, Ophthalmic optics and instruments.
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4.1

ere are no normative references in this document.

1 Preliminaries

ention to the benefits added by using free form technology, and rovides a collectigh
ms and descriptions.

Normative references

Terms and definitions

terms and definitions are listed in this document.

[EC Electropedia: available at http://www.electrepedia.org/

ISO Online browsing platform: available atthttp://www.iso.org/obp

Technical introduction

.1 There are various ways of spelling the term “free form”. This document uses two separ

.2 There are various terms explaining spectacle lens optical power design which are
'pose of simplicity, this document uses the word “characteristics”. The phrase “optical pro
ed simply to-describe the optical results of the geometry of the lens, but not an intended
hracteristicl

#th—particular

f relevant

v

and I[EC maintain terminological databases for usedn’standardization at the following addlresses:

hte words.

fommonly

ed such as “optieal function”, “optical characteristics”, “optical properties”, or “design property”. For

perties” is
design or

Figure A.1

.3 A typical flowchart including refraction, dispensing and manufacturing is shown in |

(se

le-AnnexA)

4.1.4 A glossary of terms and their descriptions is provided in Annex C.

4.2 Whatis free form?

In ophthalmic optics, the term “free form surfacing” refers to a spectacle lens surfacing process that is
capable of producing continuous, smooth, non-symmetrical lens surfaces that lack point, axial or plane
symmetry and are described by three-dimensional coordinates created by mathematical formulation.

Th

is design and surfacing process enables optimization of the lens performance.

Conventional lens surfacing technology which smooths and polishes using hard lap tools can produce
only simple spherical or toroidal lens surfaces.

©lI
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Modern free form lens surfacing methods are now capable of generating surfaces that are much more
complex than simple spherical and toroidal surfaces, allowing local optical laboratories to manufacture
progressive-power and other lens designs directly onto the lens blank with the required prescription
curves. In order to produce these complex surface shapes, free form surfacing utilizes precise, computer-
driven control of the cutter with three or more axes of movement. Often, the surface is machined using
single-point diamond turning and then polished using flexible lap tools.

A “free form process” can thus be summarized as a lens surfacing process using Computer Numeric
Control (CNC) devices capable of producing a free form surface with optical characteristics on either or
both side(s) of the lens.

It should be noted that when simpler surfaces that can be manufactured by conventional methods ;tre
produced by free form processing, these simpler surfaces should not be termed free form surfaeces nor
the resultjng lenses free form lenses.

4.3 Does free form equal better vision?

As an enabling technology, free form surfacing makes possible the application of gptical characteristics,
using information specific to the individual wearer, immediately prior to lens manufacture.

The use of free form surfacing as a manufacturing method does not guarantee any visual benefit to the
wearer. Itfis true that the soft lap tool polishing process used during free form surfacing is not subject to
the roundiing errors of conventional lens surfacing. Conversely, it can.fmaintain an accurately generated
free form|surface. Hence, soft lap polishing actually relies on more,extensive process engineering and
quality control in order to achieve high quality lens surfaces.

Free forn] surfacing provides a powerful vehicle for overcoming the limitations of conventional semi-
finished lpns manufacturing when utilized in conjunctien*with sufficiently advanced optical design
software py delivering lenses custom-designed for thetspecific visual requirements of the individpial
wearer. It|{becomes possible to optimize the optical design of the lens individually (i.e. upon the expct
prescription power and orientation of the fitted lens) before the lens is actually manufactured, in ordler
to preserve the intended optical lens characteristics for each and every wearer.

In additiop to preserving the intended optical lens characteristics for any combination of prescription
power or|as-worn position, it is also possible to customize other features of the lens design for the
individua] wearer. The lens can be adapted further in order to modify the corridor length for the fitting
height in §mall increments, optimize the viewing zones for occupational demands, and adjust periphejral
power grddients for the head-eye'movement behaviour, and so on. It is important to note, however, that
only custgm-designed free form/lenses will offer this level of sophistication and design properties for
the wearser.

Nevertheless, without/the application of real-time optical design to optimize the lens design for the
individua] wearer, the-potential visual advantages of using free form surfacing are relatively small.

4.4 C(Classification

Wlth free farm canar‘Inrt an nnhr-a] ]ahnrafnry can surface a2 varietv of lens deciagng r‘]nﬂnr‘f]v ontod a

semi-finished lens blank in addltlon to the prescription curves that are normally applied. Wlth two
separate surfaces to work with, the optical characteristics, addition power, if any, and prescription
components of a free form lens can be applied to the lens blank in a variety of possible lens surface
configurations. Each type of free form lens represents a particular combination of factory-moulded and
directly-surfaced lens curves. The lens surfaces involved range in complexity from simple spherical
surfaces to individually-optimized progressive power surfaces that simultaneously fulfil all of the
prescription requirements of the wearer.

2 © IS0 2017 - All rights reserved
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When free form surfacing is used to transfer the optical characteristics onto the lens blank, free form
progressive-power lenses may be classified by the distribution of the optical characteristics between
the front and back surfaces (see Figure 1).

a)

b)

Front surface free form lenses (A in Figure 1) employ a directly-surfaced progressive surface with
the full addition power on the front and conventionally-surfaced prescription curves on the back.

The progressive optics are surfaced directly onto the lens. While less common, this con
may, for instance, be utilized to achieve broader prescription ranges.

figuration

Dual-surface free form lenses (B in Figure 1) employ a factory-moulded (or, in some cases, a directly-

surfaced) nrooressive-like surface with a comnonent of the total addition nower on the.
T8 g

front and

Fo
Fig

NO

5

5.

a digitally-surfaced progressive surface with, for instance, the remaining addition \p
has been combined with the prescription curves on the back. The progressive-power
distributed between both lens surfaces.

Back-surface free form lenses (C in Figure 1) employ a factory-moulded spherical surfz
front and a directly-surfaced progressive surface that has been combined-with the pr
curves on the back. The progressive lens design may be a standard (figed) design or an
optimized design.

" the purpose of simplicity, the rest of this document will refer only)to full back surface lg
ure 1).

\ FULL ADD
" POWER

\

'y

A.FRONT-SURFACE ~ B.DUAL-SURFACE  C. BACK-SURFACE
PROGRESSIVE PROGRESSIVE PROGRESSIVE

\

TE Image by Darryl Meister. Reproduced with permission from Carl Zeiss Vision GmbH, USA.

Figure 1 — Classifieation of free form progressive-power lenses by the distribution
addition power between the front and back surfaces

Manufacturing

| C-General

pbwer that
bptics are

ce on the
bscription
optically-

nses (C in

of the

Whatever the process used to manufacture the lens, the lens manufacturing cycle is the same. The
general lens manufacturing flow is described in Figure 2.

Molds / Inserts - Semi-Finished lens blank - Finished lens

Injection Surfacing
or
casting

Figure 2 — General lens manufacturing flow with semi-finished lens blanks and sur

© IS0 2017 - All rights reserved
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5.2 Conventional surfacing

Conventional surfacing is a four-step process for finishing the unfinished back surface of a semi-
finished lens blank with the required prescription curves (see Figure 3). Semi-finished lens blanks have
an optical-quality front surface that has been moulded by a manufacturer.

In the first step termed “blocking”, the semi-finished lens blank is mounted by its finished surface on a
support to hold it for the next three steps.

In the second step, the unfinished surface of the lens is machined by a generator to approximately the
required shape using a grinding, turning or milling process

In the thifd step, known as fining or smoothing, the worked surface is ground to the precise-surface
shape by [a toroidal smoothing/polishing machine that rapidly moves the lens surface in @ eyclical
motion oyer a hard lap tool fitted with abrasive pads that matches the intended curvature of l¢ns
surface. This brings the lens surface to a quality suitable for polishing.

In the foufth and final manufacturing step, known as polishing, the abrasive pad is replaced by a polishing
pad. The |Jens surface is once again cycled over the hard lap tool in a toroidalsmoothing/polishing
machine, while the pad is soaked with polishing slurry. The lens is then “de-blgcked”.

See Figure 3 a) and b). In Figure 3 b) the hard lap tool copies the fixed'two principal meridiaps
curvaturgs to the lens’s concave surface.

Rx + Order A . \ED OVE i
Frame o ‘ “‘J”H‘ ‘H\

Lens blank selection
+

LMS
Back side surface
lation {sphere / torus)

L Ao;
Calculation Data
Equipment Data

N
{ Blocl1ing )..‘ Cutting ‘.;‘ Polishing ‘., Enra$ }

Lens Blank Surface Final Mouriting referential /
positipning i {uctidentification
bptiénal process

¥ Y
and cosmetics

a) Scheme of conventional surfacing process b) Fining process used in conventional surfacing

Figure 3 — Conventional surfacing process

The simplestigenerators are two-axis machines that utilize a diamond-impregnated grinding wheel to
generate a spherical or toroidal lens surface. The emphasis of a conventional generating process is on
throughput and rapid removal of lens material. Any inaccuracy in the shape of the generated lens surface
is ultimately corrected during the fining process by the hard lap tool. In particular, the fining process
with hard lap tools exploits the rotational or meridional circular symmetry of spherical or toroidal lens
surfaces, since these surfaces can be cycled over the hard lap tool using a uniform rocking motion that
produces relatively constant fining and polishing pressure over the lens blank [see Figure 3 b)]. The
use of hard lap tools during the fining and polishing processes therefore restricts the range of possible
lens surface shapes to simple spherical and toroidal surfaces. Moreover, in practice, hard lap tools are
only available in discrete increments of surface curvature. Due to the need for reasonable inventory
requirements, hard lap tools are often stocked in eighth-dioptre (0,12 D) or tenth-dioptre (0,10 D) steps
for the sphere power, although larger laboratories may stock tools in 0,06 D steps. This can potentially
result in rounding errors of up to 0,05 D from the desired surface curvature, which will limit the

4 © IS0 2017 - All rights reserved
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accuracy of the prescription power of the surfaced lens and increase the likelihood of failure during a
quality inspection.

5.3 Free form surfacing

In conjunction with the Laboratory Management System (LMS), a Lens Design Server (LDS; computer
and appropriate sophisticated software) is first used to calculate a surface description file (SDF) (also
known as a “points file”) from the prescription and lens order parameters. The points file contains
surface height (and possibly slope) data [see Axis 1 in Figure 4 b)] that characterize the required three-
dimensional geometry of the lens surface to be cutlZl. The required lens surface is then generated from
the points file using a CNC cutting process. With three or more axes of precisely controlled movement,
the single-point cutting tools of these generators can produce virtually any continuously smooth
suflface shape with a high degree of accuracy and smoothness that requires minimal polishing.

Thie machine may also orientate the cutter to be at right angles to the orientation of the lens fsurface in
th¢ immediate area in which it is cutting; hence, there may be three or five axis thachines, doyble that if
the¢y can surface the left and right lenses simultaneously.

Rx + Order
Frame
Optical & Geometrical

[ & Manufacturing data

LMS

Ul

‘ Blgcking ’..‘ Cutting ‘..‘ Polishing ‘.,‘ Engraving ‘

DIAMOND
0oL

Ldns Blank Surface Final Mounting referential /
itioni i identification

9 9 9

and cosmetics |
a) Scheme of free form surfacing process b) Free form CNC machining
Figure 4 — Free form surfacing process

With most free form denses, the prescription powers are combined into the required lens dgsign, and
thén processed as @single surface onto the back of a semi-finished lens blank, as in Figure| 2[8]. This
allpws the fabrication of a lens design and the prescription curves in a single step. The wgrked lens
sufface is then polished by a free form polisher using a soft lap polishing tool that is also dyjnamically
controlled dy*a computer. Unlike hard lap tools, which are only available in specific increments of
sufface curvature, soft lap tools can polish a lens surface to within very small increments.

Berduse this technology allows the laboratory to fabricate complex lens design directly ontio the lens
blamk; freeformrsurfacing s sometimes Teferredtoas direct surfacinmg-Because free formrterrs surfacing
relies on computer (points) files that describe the desired surface shape, free form lens surfacing is
also referred to as digital surfacing. However, the term “digital surfacing” is often used more generally
to refer to any lens surfacing process that utilizes free form surfacing equipment, even when surfacing
conventional spherical or toroidal surfaces, which makes the use of this particular term potentially
misleading.

In summary, a conventional surfacing process cannot produce the complex surfaces utilized for
complicated lens designs like progressive-power lenses due to limitations in both the range of possible
surface-shape geometries and the quality of the finished surface produced by conventional generators.
Free form surfacing is, however, a more sophisticated surfacing process that is capable of producing
virtually any continuously smooth surface, including aspheric, atoroidal, and progressive-power
surfaces, in addition to basic spherical and toroidal surfaces. This allows local optical laboratories to

© IS0 2017 - All rights reserved 5
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manufacture progressive-power and other complicated continuous surfaces that previously needed
moulding using a mass-manufacturing process.

5.4 Comparison of conventional and free form manufacturing

Table 1 — Comparison of steps of conventional and free from manufacturing

Manufacturing step

Conventional process

Free form process

— Prescription: SPH, CYL, Axis, addition,

Prism base and ‘7'3]!10’ CD

— Prescription: SPH, CYL, Axis, addi-

Hr\n' Prism base and vn]nn' CD

Inputs fi

1
OIIl1 OI'dcl

— Fitting and personalised parametdrs

Lens blank selection

— The base curve is selected from the
prescription according to the Rx range.

— The complex surface already exists on
the front surface of the lens blank.

— Number of lens blank stock keeping
units (SKUs) needed is high to cover all
additions and all prescriptions.

— The base curve is selected from-the
prescription according to the Rx range.

— A part of the complexitymay exist o
the front surface of the lens blank.

=]

—

— Number of lens blank SKUs neede
can be reduced-in the case of full back
surface lenses:

— Simple and limited surfaces: the back
surface of the lens can be only spherical or
toroidal because of the surfacing tools.

— The optical characteristics are managed
through the front surface.

— The calculation delivers the radii of
curvature and axis of the back surface

— Free form surfaces: the surface of
the lens can be spherical, toroidal, as-
pherjeal or progressive/degressive-power
oracembination of both or even more
cemplex.

= The optical characteristics are man-
aged through the back surface only (full

Calculation of the | and its positioning relative to the front back] or through both surfaces (dual).
backsurface surface (thickness and prism). — Usually based on complex ray-trac
— The output of calculationis rounded ing algorithms, the calculation deliver{
according to the tooling steps available either one s_urface_ t_hat_ will hav_e to be
(e.g.0,12 D, 0,10 D or 0,06.D) made and its positioning relative to the
8- O T ! ’ other surface or both surfaces.
— Output of the calculation is the
exact lens surface target without any
rounding.
Tdbin Use of a plastic film deposited on the front surface both to protect it and to ensure ad
ping hesion for.blocking (not always needed by alternative method, e.g. water soluble spray).
Bloicking Mechahical 3D positioning of the blank (centring, axis, tilts, etc.)
~“\Rough milling. — Rough turning with a rotating cut;
= Use of cup wheel introducing ellipti- ter disc,
cal errors. — Fine turning with a single point dia-
{ — Generating of the back surface curva- mond tool.
Geng¢rating tures.

— Cutting machines need high preci-

— Generated surface can be approximated
as the final geometry is given by fining/
polishing tools.

ton-trajeet inr-hish-aceeteration—
SIVII LI Cl,cl' U1 y ey lllsll
conditions.

— Machined surface has the exact
final expected shape.
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Table 1 (continued)
Manufacturing step Conventional process Free form process
— Smoothing by abrasive pad on rigid |This step is not necessary.
Fining tool.
— Gives the final expected curve.
— Respects the fined surface shape. — Respects the generated shape.
Polishing — Hard polishing with Rigid tool. — Soft polishing with flexible tool.
— 1 tool = 1 spherical or toroidal surface. |— 1 tool = infinity of surfaces.
For spherical front surface semitfinished
lens blank, generally done.on the back
Engraving Gen(.ar:illl.y puton the front surface of the surface of the finished léng; altHough
semi-finished lens blank
some free form lenses\uses pre-¢ngraved
semi-finished lens blanks.
There has been a steady process in improving conventional surfacing. Lap tools may be ¢ut on re-

us
len

po
Dif
of
pr

s surface generators can produce more accurate surfaces that do pot\necessarily requir
ishing.

ferences between the two processes also exist in terms of , pawer/prism conformity and
Fhe intended surface (see Table 2). Consequently, a specifiecptocess control is needed for a
bcess to ensure integrity of the intended surface.

Table 2 — Power/prism conformity and integrity of the intended surface shap

hble or disposable laps, thus avoiding the need to keep such tools in fihé steps. More sophisticated

e hard lap

integrity
free form

4

Conventional process Free form process

In
co|

P
gu

lelTs manufacturing process Distance vision.and |of full back side) transferred to laboratories

fegrity of the intended surface is guaranteed by (flntegrity of the intended surface also relies on the
ntrolling moulds, inserts and the semi-finished\ {manufacturing phase: responsibility mostly (ful

ism reference point (PRP) prism conformity

. — Distance vision and prism reference point
aranteed by laboratories. p p

prism conformity guaranteed by laboratories.

back side
ly in case

(PRP)

6

6.

Wi
ab
thd
pe
wh
an

Potential benefits af free form lens calculation

| Oblique astigmatism

ien the line of sight passes through the lens at an angle to the optical axis of the lens,

brration known as oblique astigmatism is produced due to the oblique refraction of light ray
 lens. Oblique astigmatism results in unwanted spherical and cylindrical power error
ceived-bythe wearer as deviations from the desired prescription. Oblique astigmatism is i
en either the lens is tilted with respect to the wearer due to the fit of the frame or the wez
object through the periphery of the lens. In either case, the line of sight forms an angle to t

hn optical
s through
5 that are
htroduced
rer views
he optical

ax

£l o 1 £loot 1o 3 raa L oot ta £ +lo - dod £
O Ul LIIT ITIIS LIIdl UdIT TTOUIU 111 dII ClDLlslllClLlL ITUCUS Ulladt ucycu Lo 11T UIIT UIIT ITILCIIUCTU 1UCUS,

design does not adequately account for this effect (see Figure 5).
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NOTE

Figure

Oblique as
the object

a) lineo
b) blurr
c) blurr

For spher
selecting
paramete
needed in|
optical ax
+3,50 D o]

This resu

Image by Darryl Meister. Reproduced with permission from Carl Zeiss Vision, GmbH, USA.

the lens
tigmatism does not occur when the line of sight coincides'with the optical axis of the lens a
is seen clearly (see Figure 5):
f sight aligned to the optical axis of the lens gives‘a‘good image (A in Figure 5);
bd image with tilted lens (B in Figure 5);
bd image with oblique line of sight (C inEigure 5).

cal prescriptions, oblique astigmatisim introduced during off-axis vision can be eliminated
h spherical front curve that corresponds to a Tscherning’s ellipse for a given set of lens des
's. See the example in Figure 6[9] which represents the power of the lens’s convex surfj
distance vision to eliminate oblique astigmatism when the line of sight is rotated 30° to {

+17,00 D.

ts in a best form-lens design. Alternatively, an aspheric lens design can be utilized, wh

b — Degradation of the image because the line of sight is ndt along the optical axis of

nd

by
gn
ice
he

is. For a prescription of(=5;00 D, the power of the convex surface will need to be about either

ch

frees the lens designer from the relatively steep lens form requirements of Tscherning’s ellipse in ordler

to providg
separate §

p flatter, thinnér lenses. However, as with best form lenses, each spherical power require
sphericens design.

Sa
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PRESCRIPTION SPHERE POWER

TE Image by Darryl Meister. Reproduced with permission from Carl Zeiss Vision GmbH, USA.
Figure 6 — Tscherning’s ellipse
5t form and aspheric lenses are rotationally-symmetrical lens designs that can correct f

igmatism fully only when the lens design precisely matches-the design required for t
wer of the prescription and the prescription does not reqdire cylindrical power. In order
b oblique astigmatism in sphero-cylindrical lenses withprescribed cylindrical power, an
s design should be utilized, which has asphericity that differs in the two principal me
 lens[10]. Over 75 % of prescriptions in the USA include cylindrical power[11]: Lenses w|
pgressive-power, addition power, as-worn pantascopic or face form angles, or other optical
1 require designs of even greater complexity[12]-

p

Limitations of conventional lenses

optical laboratory fabricates conventional spectacle lenses from semi-finished lens blanks

the lens manufacturer with the intended optical characteristics and nominal surface (¢
bically identified by a basewcurve value. Unfortunately, the economics of offering a un
"ve design for every prescription combination, as indicated by Tscherning’s ellipse, are
phibitive for both lens-manufacturers and optical laboratories due to the costs associated W
king and to the exgessive inventory requirements that would be involved.

hsequently, inceach lens material, conventional semi-finished spectacle lens blanks arg
de availablelin“only a few-base curves, which are each intended to cover a range of pr
wers. For-example, these lens blanks are typically offered in a limited range of different frd

br oblique
he sphere
to correct
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conventlonal lenses, many wearers must tolerate less than perfect correction because thelr parameters

With semi-finished progressive-power lenses, the base curve restrictions become even more critical,
because of the number of additional design permutations required. For each base curve, there are
typically 12 addition powers (from +0,75 D to +3,50 D) and separate right and left lens designs. If five
base curves are made available, thisresultsin 5 x 12 x 2 = 120 different lens blanks for each lens material.
Any new lens design options, such as a short-corridor design or a design with a different viewing zone
balance, would double the number of unique lens blanks needed. The inventory requirements and
product development costs associated with introducing a new progressive-power lens design therefore
limit the range of possible lens designs that are made available.
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The unwanted effects of uncorrected optical aberrations are also exacerbated in progressive-power
lenses, which are already subject to optical limitations imposed by the surface astigmatism in the lateral
blending regions of the lens design. As the prescription deviates from the ideal prescription associated
with a given base curve design, the effects of cylindrical power ordered at an oblique axis increase. This
oblique cylindrical power interacts optically with the surface astigmatism of the progressive-power
design, causing the zones of the lens to contract and can also cause the zones of a progressive-power to
shift or become distorted from their ideal shape as the combination of oblique and surface astigmatism
combine to increase or decrease the total power (see Figure 7). This effect can differ between the right
and left lenses and disrupt binocular vision.
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— Comparison of the size and position of the clear zones of a progressive-power lens

with increased amounts of oblique cylindrical power

ential benefit of free form lens design

t of free form technology has freed{ens designers from the constraints of conventional m

NSS

iction by enabling an optical laboratory to deliver spectacle lenses that have been designed

factured for the specific details of the actual lens order. Free form surfacing makes possi
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ction of complicated lens-designs in a small-scale production environment, on demand8l.

d in conjunction with gufficiently advanced optical design software, often referred to a

5 a

h server, free form surfacing can be utilized to deliver custom-designed single-vision gnd

e-power lens designs’ that have been individually optimized using parameters specific
er, prior to prodtetion.
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rm surfacingprocesses that deliver custom-designed lenses, the optical characteristics of egach
culated bythe lens design server in order to optimize the optical characteristics individugdlly

that ean'include the wearer’s prescription, fitting parameters, frame information and so

pn.

bptical characteristics of the lens will depend upon the number of parameters that are taken

int-during this optical optimization (see Figure 8). The most advanced optical optimizat
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algorithms, until the calculated optical characteristics of the lens comes as close as possible to the ideal
optical characteristics of the target lens design.

10

© ISO 2017 - All rights reser

ved


https://standardsiso.com/api/?name=0cc331cda5fbdbb94a71e05adc972d26

ISO/TR 18476:2017(E)

TARGET LENS DESIGN i NDOPTICAL OPTIMIZATION OPTIMIZATION FOR RX ONLY ~ OPTIMIZATION FOR RX & POW

+20

+3.00 -1.50 = I35, 12° LENS TILT +3.00 -1.50 = 135, 12° LENS TILT +3.00 -1.50 = I35, 12° LENS TILT

+3.00 SPH, STANDARD LENS TILT

NO
op
Poy

NO

6.4

TE1 The diagrams show the target design, a lens with no optimization, and the impreven
imization for the prescription and even better, also with position of wear. Values determinéd\by 1
ver values given in dioptres. Linear dimensions given in millimetres.

TE2 Image by Darryl Meister. Reproduced with permission from Carl Zeiss Vision GmbH, USA.

with oblique astigmatism

} Optimization for prescription

A

th¢ optical characteristics of the lens based upon thelspecific prescription requirement
wearer, prior to production. In one application of free form technology, a lens design server in
opfimizes each optical characteristic for the spegific prescription requirements of the ¥
mgnipulating the free form surface on a point-by-point basis, using complex aspherization

di
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h sufficiently advanced software and a free form surfacing system, it becomes possible tq

erences between the optical characteristigs~of the calculated lens and the ideal target
bn minimized. This optical optimization edsures that the intended optical characteristics
bign are preserved, regardless of prescription. See Figure 9.
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For instance, it is possible to minimize differences between the actual and intended characteristics in
order to eliminate residual aberrations. Wearers can therefore enjoy the widest possible fields of clear
vision, regardless of prescription. Furthermore, for progressive-power lenses, the binocular function of
the wearer can be preserved by maintaining more symmetrical fields of view and by varying the inset
of the near zone based upon the optical effects of the prescription.

6.5 Customization for the as-worn position

6.5.1 Explaining the as-worn position

The as-wdrn position is the location and orientation of the fitted lens relative to the actual wearefi ild
includes the as-worn pantoscopic angle, face-form (wrap) angle and vertex distance of the lens. Spectacle
prescriptions are typically determined using refractor-head or trial-frame lenses that are positiorjed
perpendiqular to the lines of sight of the wearer. Once fitted to the wearer’s face, howewver) spectacle
frames gdnerally hold the lenses tilted with respect to the lines of sight. Lens tilt introduces oblique
astigmatigm, which results in changes from the required spherical power and unwanted cylindrigal
power thgt vary over the lens. These unwanted power changes can modify the optical characteristicg of
both single-vision and progressive-power lenses.

Although | preformed progressive-power lenses assumed a default fixedDposition of wear, wijith
sufficient]ly advanced software, it is possible to customize the single-vision or progressive-power lgns
design baged upon the unique fitting parameters of each wearer. If thedwearer’s pantoscopic angle, fare-
form angle, and vertex distance are supplied, the as-worn positionof the fitted lens can be modelled
using ray tracing in order to apply the necessary optical correctioiis across the lens surface during the
optical offtimization process. Wearers can therefore enjoy thé best optical characteristics possille,
regardlesy of their unique fitting requirements. See Figure 10,

FAR
VISION
L.

= a8

OPTIMIZATION BEDPTICS
FOR POSITION-OF WEAR

NEAR
VISION

NOTE Image by Darryl Meister. Reproduced with permission from Carl Zeiss Vision GmbH, USA.
Figure 10 — Customization for the as-worn position

Recall that the as-worn position can be defined as the position and orientation of the fitted spectacle lens
relative to the eye in primary gaze. The orientation of the spectacle lens is most consistently defined by
the orientation of the plane of the lens shape, i.e. the lens aperture of the frame that contains the lens,
with respect to a frontal reference plane that is perpendicular to the line of sight in primary gaze. In the
absence of pantoscopic tilt and any face-form angle, the plane of the spectacle front, passing through
the vertical midline of each boxed lens aperture, will coincide with this frontal reference plane. Further,
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if the horizontal and vertical midlines of the boxed lens aperture of the frame are treated as vectors,
an equation of the plane of the lens aperture relative to this frontal reference plane can be deduced
mathematically[13].

The position of the spectacle lens relative to the eye is also typically defined by the back vertex
distance of the lens, which is the horizontal distance from the apex of the cornea to the back surface
of the lens. The previous definition of vertex distance was the longitudinal distance along the line of
sight perpendicular to the plane of the frame front to the back surface of the lens. Depending upon
the requirements of the lens designer, either of these definitions can be used. The as-worn position is
therefore described by three fitting parameters associated with the tilt of the frame and the location
of e terrs—tsee Figure—ti)—temsdesigmers frequentty usedefimitionrs for threseparameterys that are
consistent with ISO 13666, a glossary of standardized terminology for spectacle lenses:

—| as-worn pantoscopic angle represents the vertical angle between the plane of the fiiame front and a
vertical plane perpendicular to the line of sight in primary gaze, which results ftom a rotation of the
plane of the frame front around the horizontal X-axis.

—| face form angle represents the horizontal angle between the horizental centreline of the lens
aperture and the plane of the spectacle front, which results from alrotation of the leng aperture
around a “vertical” Y-axis in the plane of the spectacle front.

—| back vertex distance represents the longitudinal distance from the apex of the cornea tp the back
surface of the lens with the line of sight in primary gaze (oralternatively, perpendicular tq the plane
of the spectacle front).

PANTOSCOPIC TILT FACE-FORM TILT (WRAF) BACK VERTEX DISTANGE
NOTE Image by Darryl Méeister. Reproduced with permission from Carl Zeiss Vision GmbH, USA.

Figure 11 — Defining the as-worn position

6.3.2 As-werh position and verification power

Spgctacleseorrections are typically determined using thin refractor-head or trial-frame lensgs that are
held perpendicular, or nearly so, to the line of sight and centred in front of the eye. The line of sight
is fHeypefore coincident with the optical axis of the lens, avoiding any optical effects associfated with
oblique Tefraction. The €ye care practitioner determines the combination of sphere and cylindrical
powers that will neutralize the refractive error of the eye at the plane of the refractor-head or trial-
frame lens, roughly 13,5 mm from the apex of the cornea. This represents the vertex distance during
refraction.

The spectacle wearer, on the other hand, experiences the optics of a spectacle lens with the lens
mounted in a frame worn on the face in the as-worn position. The orientation of the fitted spectacle lens
will typically involve both pantoscopic and face-form tilt relative to the wearer. Additionally, the vertex
distance of the fitted spectacle lens in the as-worn position will often differ from the original refraction
vertex distance.

If the orientation of the fitted lens is tilted in the as-worn position, astigmatism due to oblique
central refraction will result in a change from the required spherical power and the introduction of
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unwanted cylindrical power. Additionally, if the position of the fitted lens differs from the refraction
vertex distance, a change in effective power due to vertex distance will also result in changes from
the required prescription powers. In order to provide the wearer with the intended prescription when
actually wearing the spectacle lenses, these prescription changes should be essentially reversed from
the original prescription. Neutralizing the optical effects of these prescription changes will require a
new, verification power to provide the wearer with the intended power during straight-ahead vision
when the lenses are in the as-worn position.

Additional optical effects are associated with the near addition power of multifocal and power-variation
lenses in the as-worn posmon The near refraction to determine the addition power is conducted usmg
trlal lense ohgible

as-worn position or customized for the wearer’s measured as-worn position, the compensated additjon
power, prpvided as the verification addition power or near prescription, can therefore differ from the
original npar refraction value by a significant amount.

With the [ntroduction of free form lenses, verification power has become increasingly common. For
the most advanced free form progressive-power lenses that'are optically optimized for an assumed ps-
worn position, the net optical effect produced by the combination of oblique astigmatism due to off-akis
viewing ahd surface astigmatism due to the progressive-power optics is corrected at numerous points
over the lens design by ray tracing the eye-and-lens model. Afterward, the compensated verificatjon
and additjon powers are calculated at the distance and near reference points of the lens for power
verificatign using a conventional focimeter: The laboratory will then supply these verification valges
with the free form lenses for correct power yerification.

6.6 Cudtomization for the frame size

The optical characteristics of pregressive-power lenses are significantly influenced by the length of the
progressiye-power corridor, €héat connects the distance zone to the near zone. If the corridor is too Iqng
for a given frame size, redding utility is reduced, because the lower or whole part of near zone is ¢ut
away. If, op the other hahd) the corridor is too short, the optics of the lens design must be “compressed.”
Due to thp mathemati¢al constraints of progressive-power surfaces, the rate of change in unwanted
astigmatigm across a‘progressive-power lens must increase as the corridor length decreases, resulting
in narrower viewing zones and reduced intermediate utility[15].

The corridlar length of a progresswe power lens design should therefore be no shorter than necessary,
and shouldT ' i of
standard progressive-power lenses generally offer 1nsuff1c1ent readlng utility at shorter fitting helghts
Short-corridor progressive-power lens designs are frequently designed to work at extremely short
fitting heights, often resulting in significant optical compromises in all but the smallest frame styles.
Consequently, unless the corridor length of the lens design happens to coincide with the optimal length
required by the size of the frame, the wearer must tolerate unnecessary optical compromises and
reduced comfort (see Figure 12).
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NOTE Image by Darryl Meister. Reproduced with permission from Carl Zeiss Vision GmbH, USA.
Higure 12 — Customization of the corridor length in small increments for the frame s
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f  Personalization of the lens design

dern progressive-power lens designs work quite well for the majority of wearers, with a

person, and it has long been understood that conventional, “oneé-size-fits-all” progress
ses will not be the ideal solution for every progressive-power léns wearer[16l. Yet the con:s
hventional semi-finished lens manufacturing often necessitdte the production of progress
s designs that appeal to the broadest class of wearers. Fof\ahy given wearer, this progress
s design may not provide the optimum balance of distan¢e, intermediate, and near viewin
e optimum balance between central viewing zone size and peripheral power gradients.

thermore, the lens can be optimized by taking\nto account individual ocular physiologi
b pupil size, high order aberrations or near-view astigmatism.

addition to preserving the intended optieal'lens characteristics, it is also possible to cust]
bired characteristics of the lens design.for special uses. Personalizing the lens design seeks
distribution of addition power andastigmatism in order to provide the individual weare
pgressive-power lens geometry that’is more suitable to his or her particular visual reqy
" instance, several lens manufaeturers offer free form progressive-power lenses that
ance between the central yiewing zones alterable based upon the visual lifestyle requir
b wearer in order to emphasize near vision, distance vision, active vision, or some othsg
k (see Figure 13). It is\also possible to alter the balance between the size of the centre
nes and gradients of (power and astigmatism in the lens periphery in order to account for
P movement propensity of the wearer[1Zl. Furthermore, the position for designated view
1 be adjusted by.the manufacturer for individual physiological parameters (for example,
wvergence). Additional forms of personalization are also possible.
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NOTE 2  Image by Darryl Meister. Reproduced with permission from Carl Zeiss Vision GmbH, USA.

Figure 13 — Personalization of the lens design depending upon the visual requirements o
the wearer

7 Measurement and quality control

7.1 Lens performance

The perfofmance of a lens is a complex interaction between the lens, the eye and the brain of the wear

f

er.

Assessmept and comparison of performance can only be made with all these aspects taken intQ accoynt

(called wearer tests). Measurement of lenses for specific parameter quantities and the comparison
such dataf are useful for production process monitoring and control. These data alone; however, 3
usually inpufficient to make overall judgments on lens performance.

7.2 Conformity with standards

Free fornd is just a new process for lens manufacturing. Consequently, theré.is no need to change f{
relevant standards. The conformity to standards (including tolerances) has to be performed as for g
other leng, with focimeters (complying with ISO 8598-1) at the specified reference points. The cont|
of the conformity confirms that the lenses delivered to the customef.conform to the order.

For verifi¢ation of conformity to standards and to ensure proper-mounting in the cases where spec
compensdtions have been made during product manufacture, such as compensating for positio
influenceg of a lens in the as-worn position, it is necessary.to'provide the verification powers (calculat
by the majnufacturer), in addition to the ordered powers:and the ordered parameters.

As it is ndt possible to measure the power in the assworn position with current focimeter technolo
compensdted values should be provided. The requirements and tolerances in the relevant standards §
then applied to the variation between the actual-measured values and the verification power supplie

Measurenpent and verification should be made only with respect to the reference points obtained fr
the permanent alignment reference marks as specified by the manufacturer. These positions shoy
not be ddtermined automatically by~the measurement instrument based on the measured pov
distributipn. The criteria used by ;such instruments may not necessarily reflect the design crite
used by the manufacturer. Furthermore, optical defects can influence the results of such automs
algorithmis.

It is impoftant to remefber even for normal focimeter use, the following factors and their effect
results nejed to be considered:

— back yertex power measurement versus front vertex power measurement;

— instryment design type, i.e. Infinite on Axis (I0A) or Focal point on Axis (FOA);
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— measurement aperture and design.

For more details, see Annex B, ISO/TR 28980 and ISO 8598-1.

Other properties of the lens such as transmittance, material index, thickness, etc. can be measured, but

are not relevant to this document.
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7.3 Design integrity and process control

7.3.1 General

As explained in Table 2, with free form processing, a part or all the responsibility for the design integrity
is given to the surfacing laboratory. Consequently, the lens designer has to give the surfacing laboratory
the tools to assume this responsibility.

Therefore, specific process controls have been developed and remain proprietary, but they are all based
on the same principle, i.e. comparison between the actual lens and the target at multiple points.

Two main approaches exist today:

—| surface shape measurement, see 7.3.2;

—| through power measurement (i.e. by transmission, or refractive power), see 7:3'3.

7.3.2 Surface shape measurement

For surface topography measurement and interpretation, there is a requirement for extreme igstrument
ac¢uracy and a thorough understanding of the computation of measured data.

o

Thie measurement of the lens surfaces allows a comparison between the intended and the[produced
suffaces. This data can indicate surface irregularities that ate)likely to impact on the lens’s pptics but
the¢se data alone are unable to “quantify” the effects on optical characteristics.

Coprdinate machine measurements of a surface topography show the deviation from the surface design
data over the entire lens diameter.

Sufface measurements performed optically (e,g~deflectometry) are sensitive to small local yariations
of pptical properties.

Fol more details, refer to B.1.

7.3.3 Through power measurement
Two approaches are used today:

a) [ Discrete point measurement by instruments and methodology as defined in ISO 8598-1|to satisfy
the requirementsofJIS0O 21987, ISO 8980-1 and I1SO 8980-2.

As mentioned~jw 7.2, the same limitations and influences have to be considered (refer fo B.2 and
ISO/TR 28980).

b)| Globaktransmission measurement to create global power distribution maps.

Ingtruments which are able to show a distribution of optical properties across an extended portion or
popsibly the whole lens are often referred to as transmission mapping devices.

Transmission mapping devices[18] show the deviation between the optical properties of the
manufactured lens and of the target (power error maps). On the error maps, patterns specific to
defects are visible, such as centre dot or rings which come from the spiral surface generating lathe
process (locus at centre results in a dot while further out in the spiral results in a ring). From the error
maps, different criteria are calculated and the tolerances are defined by the manufacturer. A trouble
shooting routine is proposed to the laboratory to correct the process if the deviation is out of tolerance.
The selection of the measured criteria, the definition of the tolerances and the troubleshooting are
proprietary.

Consequently, these devices enable the laboratory to control the process by checking indirectly the
manufactured surface since they do not measure the surface directly.
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Moreover, these devices cannot be used to compare products because the power they deliver
significantly depends on the kind and direction of the incoming wavefront. Therefore the results of
measurements with different devices differ from each other and also from the power in the as-worn
position. This could lead to confusion or misinterpretation of measuring results.

7.4 Measuring the as-worn position

The prescription powers of spectacle lenses are typically verified using a focimeter, such as alensometer
or automatic lensmeter. Focimeters measure the focus of a spectacle lens while holding the centre of
the lens flat against the lens support of the instrument, which ensures that the optical axis of the lens
coincides,or very nearly coincides, with the optical axis of the instrument in the absence of prism (see

Figure 14][19].
LENS FLUSH AGAINST STOP
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INFINITY : TARGET INFINITY
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NOTE Image by Darryl Meister. Reproduced with permission from Carl Zeiss Vision GmbH, USA.

Figure 14 — Comparison of the lens positioniduring measurement on a focimeter
with that in the as{worn position

A focimefer therefore closely replicates thesmeasurement conditions associated with the origihal
refractior] using trial lenses, in which the optieal axis is collinear with the line of sight. Hence, spectacle
lenses haye conventionally been designed-and fabricated to provide the correct power readings for a
focimeter| not necessarily for the actual spectacle wearer, under the assumption that the results would
be consistent with the original refraction values.

When thgq powers of a spectacle lens have been compensated for the as-worn position, howeyer,
legitimatq differences should~now be expected between the fabricated lens powers measured ip a
focimeter|{ and the originalnpower values. When evaluating optical characteristics against industry
standardq such as ANSIZ80.1[20], ISO 8980-2 and ISO 21987, the powers of the spectacle lens should|be
verified against the vefification powers when these have been supplied. A spectacle lens that exhilfits
the corre¢t verification power (including the addition power) in a focimeter will provide the actpal
wearer with the'correct ordered or prescribed powers once the lens is in the as-worn position that was
specified pn theorder.

Figure 15, fromrone studytZiwitiradigitatdispensing measuring equipment {r="1607; shows that the
as-worn position of the fitted spectacle frame can vary significantly from frame to frame and from
wearer to wearer. Indeed, the range of possible measurement values associated with each fitting
parameter underscores the potential importance and benefits of customizing the lens design for the
as-worn position.

Because frame adjustments will influence the as-worn position, the frame should, of course, be properly
fitted to the wearer prior to any measurements.
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Higure 15 — Variation of the parameters of the as-worn position of the fitted spectacle frame

Fage-form angle or “wrap” is often measured independently of the wearercising an inexpensive
protractor (see Figure 16). The horizontal angle formed between the horizontal midline df the lens
aperture and the plane of the spectacle front is determined by measuring.the angle that a line joining
the nasal and temporal edges of the lens box across the midline makes with a plane parajlel to the
spectacle front. The lower edge of the frame front should be held directly over the upper rim toleliminate
the¢ influence of any vertical tilt on the face-form angle measurement. The face-form angle should
aldo be verified on the wearer in order to ensure that the spectacle front does not exhibit pinwanted
boping as a result of the forces exerted between the skull and the frame sides (temples). Mdny three-
dinensional electronic frame tracers measure the face-forin angle of the frame. Some of the modern
digital dispensing measuring equipment also captures the face-form angle of the frame in thee as-worn
popition.

( BASIC FRAME WRAP ANGLE PROTRACTOR

NOTE Imdge by Darryl Meister. Reproduced with permission from Carl Zeiss Vision GmbH, USA.

Eigure 16 — Measurement of the face-form angle using a simple “wrap protractgr”

Since it is assumed that primary gaze is parallel to the ground, the force of gravity is often used to
measure the as-worn pantoscopic angle of the frame on the wearer by determining the vertical angle
between the plane of the spectacle front and the frontal plane that is orthogonal to the line of sight.
Using an inclinometer or similar tool that makes use of a plumb line or spirit level, the vertical plane
perpendicular to the ground is determined using gravity, while the tool is positioned against the upper
and lower rims of the frame or the dummy or demonstration lens at the vertical midline of the lens
aperture. Note that this angle will generally not be equal to the angle of side or frame pantoscopic angle
(i.e. the angle between the plane of the spectacle front relative to the centreline of the sides), because
the as-worn pantoscopic angle will vary with the fit of the frame on the wearer. Some digital dispensing
measuring equipment can also capture the as-worn pantoscopic angle using edge detection algorithms,
registration markers mounted to the frame, or other methods. The measurement of the as-worn
pantoscopic angle will be sensitive to the tilt of the head, whether habitual or random. Although the
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plane that is perpendicular to the line of sight in primary gaze will often be parallel to the frontal plane
of the skull, this may not necessarily be the case when the wearer has a habitual head tilt. Consequently,
the as-worn pantoscopic angle is not necessarily associated with the plane of face, if the person has a
habitual head tilt. Figure 17 illustrates measurement by positioning an inclinometer against the vertical
centreline of the boxed lens aperture. If there is an habitual head tilt, as shown in the central diagram,
then there will be a valid change in pantoscopic angle, although the fitting height will need to be
modified accordingly to maintain the fitting point at the line of sight (by AFH). However, if the person
exhibits unwanted head tilt during the measurement, as the result of a random or atypical postural
adjustment, this will result in an error in the measured angle. See the right-hand diagram in Figure 17.

1 - a1 & - 1 =l L1l - h B 1 1.1
Thereforegwhermrmeasur TITg CITE aS-WUTIT PdITtOSTUPIC dITgIT, tITE TOITOWIITE T ECOIIIIIIEITUAtIONS SITout be
met.

— The wearer should be looking straight ahead, preferably fixating a distant object at the- corrgct
height, in order to ensure that the line of sight remains in primary gaze, parallel to thé ground.

— The spectacle frame should be correctly adjusted to fit the face so that the fitting point of the lenq to
be ordlered will aligned properly with the centre of the wearer’s pupil to ensure’that the line of sight
interdects the fitting point of the mounted lens during primary gaze.

— The wWearer should assume his or her habitual posture, while minimizing-any unwanted head tilt] in
order|to arrive at a truly representative measurement of the as-wornpantoscopic angle.

PANTOSCOPIC TILT HABITUAL HEAD TILT LINWANTED HEAD TILT

[
HORIZONTAL PLANE

Key
CoR ocularjcentre of rotatien

NOTE Image by Dapryl Meister. Reproduced with permission from Carl Zeiss Vision GmbH, USA.

Figure 17 — Measuring the as-worn position

The back vertex distance is frequently measured manually using a ruler, pupilometer (held against the
side of the face and spectacles), vertex distance gauge, or other tool to determine the distance from the
apex of the cornea to the back surface of the dummy lens.

Thus the vertex distance is measured with the line of sight intersecting the intended location of the
fitting point when the wearer is looking straight ahead. Because of the previous definition of vertex
distance being the distance from the cornea measured perpendicular to the back surface of the lens,
the lens manufacturer should be consulted when in doubt regarding which measurement method to
use for a given lens design. As with face-form and as-worn pantoscopic angles, some digital dispensing
measuring equipment can also capture the back vertex distance. Note that, depending upon the
specific surface design calculations, the final lens surface produced may not be located precisely at the
measured vertex distance, once the finished lens has been mounted in the frame.
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Inspection gates of the manufacturing process

Measurement and control may occur at the following inspection gates during the manufacturing
process using various types of instruments (see Table 3).

Table 3 — Typical inspection gates of the manufacturing process

Mould/Semi finished

lens blank Cutting Polishing Finished lens
Inspection: Inspection: Inspection: Inspection:
—|{ Local curvature meas-|— Surface for the purpose |— Surface for the purpose of| — Through power (D) for
urement of process (grinding) control | process and quality control | the purposeef quallity control
| Surface (pass/fail) (pass/fail), mix yps, defor-
matiofn cosmetifs, edging
— Through power for the ;
. andmounting
purpose of quality control
(pass/fail) +-*~ Global transmission
power measurenjents
In$truments/methods used: | Instruments/methods used: | Instruments/methods.used: | Instruments/methods used:
—| Focimeter by reflection|— Coordinate measuring|— Coordinate méasuring|— Deflectometrly
—| Coordinate measuring machine (CMM) machine (CMM) — Conventionallfocimeter
mchine (CMM) — Deflectometry o .
— Cosmetic ipspection
—|{ Deflectometry — Focimeter by reflection |station
Rdsult: Result: Result: Result:
—| Local surface power |— Topography map Z(x, y)|—>,Topography map Z(x,y) |— Through power map
—]{ Topography map Z(x,y) — Surface slope map D*(x.y)
| surface slope map dX(x,y), dY(x,) — Local through{power [D]
d)(x,y), dY(x, ) — Through power map
“D"(x’y)
— Local through power [D]
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Annex A
(informative)

Typical dispensing flowchart

Process Steps of Refraction, Selection, Rx Laboratory and Dispense for: Conventional Surfaces (Black) e———]-
, Free For ’ ) A
\
Refraction Select / Fit / Measure Lens Processing Lens Processingr\
o\
w Patient Rx (.12/
P .25D) w/ some s,
frame
» | Select Frame(s) Based information
“1 on Patient Needs and
Refraction d
LMS (Laboratory Management Panto, Face Form
System) Calculates sphere or toric Qﬂnsle, & free
W surface requirements \« form lens choice
Distance / Determine Lens \
Near ¢ Needs &
0.25/0.12D S.elecllon(s)—.slngle L surbacs caated tui %
steps Vision & Multifocals conventional processing
I—‘ S saulpnsn(onties fory LDS* Calculations — Create
processequipmenty free form surface file
LDS creates power
Enhanced Measure Binocular or = Quality ~ inspection form
Refraction Mono Pupil Distance - = |nspection of D) ', NRP and (Laboratory Inspection
(Far / Near) and Fit cosmétics Document) for
Point (Seg Height) ¥ Personalized / Optimized
\\ Design
0.01/0.12/ T Shape or Box Dim.
0.25D & free form lens
increments. Determine Lens choice
with or Needs & _ Lens surface created using free
without add-in Selection(s) — Single form equipment capable process
diagnostics Vision & Multifecals
(e.g. wavefront free form LDS* Calculations — Create free
or other) Personalized / form surface file Quality Control
indiclalizedtans Various means to measure
Dazigna + lens to determine if free
. form processing equipment
~ Lens surface created using free successful replicated
\Y/ form equipment capable process slirface - Using tolerances
Enha :e\ established by LDS* &
Meas! ents Verification Power (“as-
‘ = Quality Control worn” or other)
Various means to measure lens to it Lell'vseslto Fran?e and
determine if free form processing completeiinspaction:
N equipment successfully replicated
kel Mono surface — Using tolerances
Pupil Distance and established by LDS*+ Lens Power
Mono Fit Point .
<D . Dispense
\J
% R Srmm o Retail Store Inspects
Frame Positian - Completed Glas.ses
Pantoscopic Angle, to determine if
Q~ Face Form Angle, glasses meet local
Vertex Distance, tolerances for DRP,
Bio- metric of eyes PRP, NR? &
0 & ergonomic(s) Cosmetics
(note: in some
cases, LDS* will use
?‘ default values) L
& Completed Glasses
% Lenses fitted to frame and Dispensed to
? inspected for Optics (DRP, PRP, Patient
NRP — Progressive)
| *Lens Design Software Supplier I

Figure A.1 — Typical flowchart including refraction, dispensing and manufacturing
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Annex B
(informative)

Measurement technology

B.FSIIMITG‘TTFG’A’S‘UPMS—
B.1.1 General

For a free form lens, manufacturers calculate an individual surface topography and translate it into a
fojmat suitable for generators and polishers. Such surface topography can be exp¥ressed in ternys of x, y, z.

Thie requirements on measuring surface topographies are:
—| topography in terms of x, y, z;

—| max. slope on surface 45°;

—| accuracyinx,y<1pum,inz<0,7 pm;

—| surface quality: milled, turned, polished;

—| applicable on all lens materials, organic and minéral;
—| actual to target value comparison;

—| determination and control of tooling and-machine parameters.

B.1.2 Measurements by means.of,coordinate measuring machines

Fol decades, the accurate measurement of surface topography has been done by means of qoordinate
medasuring machines (CMM) (see Figure B.1) While touching the surface with a stylus mechgnically or
probing optically by means.éf ah, e.g. confocal sensor, the machine records its position in x, y, z.

Figure B.1 — Stylus of a CMM touching the lens sample

The characteristics, pros and cons and challenges with measurement by CMM are summarized in
Table B.1.
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Table B.1 — Summary of characteristics, pros and cons and challenges with measurement by
CMM

Characteristics |— Well established
and pros: — High accuracy

— (Almost) independent of the material to be measured
— Independent of the surface quality

— (Almost) direct actual to target value comparison

Cons: — Measurementtime upto hours (prnnﬂnnf on-numberof pninfc)

— Investment r<\

— Robustness (environmental conditions) (]/Q

— Due to contact by the stylus, polished lenses might be damaged N ©-
Challenggs a) Measurement tells us only the coordinates of the black dots and every asitsinhergnt

measurement errors (inx,y, z). There is no real information about the surface’between the dots.

tfQC)

&

T

..

et
/

s@@\\ '/

Figure B.2 — Poi‘n@%ud from CMM measurement

b) Impact of topography deviation?\}n the optical effects imposed on the wearer is a very
complex one. Q

For example, see the two t&@:ases in Figures B.3 and B.4, where difference to design,|in
millimetres, is shown. C)

Dimensions in millimeties

N\
Qg%
e
A\

N
Y Figure B.3 — Rotated during measurement by only 1°
&v Dimensions in millimeties

Figure B.4 — Rotated during measurement by only 1° + tilt of 0,1 mm

¢) Any positional error of the whole surface (e.g. caused by clamping error during measure-
ment) has to be compensated.
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