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METHOD OF AND APPARATUS FOR DESIGNING AN OPTICAL LENS

The present invention relates to a method of and an apparatus for designing a surface
of an optical lens for the manufacture of the optical lens. The invention further relates to a
method of and an apparatus for manufacturing an optical lens according to the surface design
determined by the method of the invention.

Multifocal ophthalmic lenses are well known and in practice often comprise an
aspherical face, and a face, which is spherical or toric, machined to match the lens to the
wearer's prescription. It is therefore usual to characterize a multifocal lens by the surface
parameters of its aspherical surface. An aspherical surface is generally defined by the height
or altitude of the points thereon. Parameters are also used consisting of maximum and
minimum curvature at each point, or more frequently their half sum and their difference
which are commonly referred to as mean sphere and cylinder.

The mean sphere Sph is defined by the expression:

spp=" L L (1)
2 \R R,
The cylinder Cyl is defined by the expression:
1 1
Cyl=m—=D}—~— 2)
1 R2

where R; and R; are the minimum and maximum radii of curvature, expressed in meters, and
n is the refractive index of the lens material.

Among such multifocal lenses it is possible to distinguish lenses called progressive
lenses, adapted for vision at all distances, lenses more specifically dedicated to near vision
and to intermediate vision and lenses dedicated to far vision and to intermediate vision.
Generally, the invention is applicable to any lens having a power variation.

Progressive ophthalmic lenses usually comprise a far vision region, a near vision
region, an intermediate vision region and a main meridian line of progression passing through
these three regions.

The main meridian line of progression is a line which is representative of the
intersection of the aspherical surface of a lens with the gaze of an average wearer when he or
she looks straight ahead at objects in a meridian plane, at different distances. This line is often

used in the definition of a progressive surface, as an optimization parameter.
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The addition value, of an progressive ophthalmic lens corresponds to the variation in
mean sphere or power between a point in the distance vision portion and a point in the near
vision portion, these points being respectively called the distance vision power control point
and the near vision power control point, and which represent the points where the line of sight
intersects the lens surface for infinite vision and for reading vision. These two reference
points are usually located on the main meridian line of progression. A point, often referred to
as a fitting cross FC or mounting center MC is commonly marked on ophthalmic lenses and
used by the optician for mounting lenses in a frame.

For multifocal lenses, the power in the various far, intermediate and near vision
regions, independently of their position on the lens, is determined by the prescription for
compensating a visual defect of the wearer. The prescription may comprise just a power value
for near vision or a power value for far vision and an addition, and possibly an astigmatism
value with its axis and a prism.

Multifocal ophthalmic lenses regardless of their type, inevitably suffer from optical
aberrations (astigmatism, distortion, prismatic deviations, etc.) which have a negative effect
on visual comfort both under static and dynamic vision conditions.

In a common method for producing progressive multifocal lenses, a semi-finished lens
blank having suitable optical characteristics is selected based on a prescription. Typically the
semi-finished progressive lens blank comprises a front progressive multifocal surface and a
back spherical surface. The back surface of the semi-finished lens blank is then machined and
polished to match the prescription. Unfortunately, current semi-finished progressive lens
blanks are relatively expensive.

An alternative method for producing multifocal progressive lenses uses less expensive
single vision semi-finished lens blanks having a front spherical surface and a back spherical
surface. Based on the prescription, a single vision semi-finished lens blank having a suitable
base curve is selected. A base curve corresponds to the curvature of the front surface of the
lens, generally measured at the distance vision power control point and where the higher the
base curve the more curved is the lens. A progressive surface design is then computed in
accordance with the prescription, and the back surface of the lens blank is machined and
polished to produce the desired progressive surface. Although less expensive, this method for
producing multifocal progressive lenses is relatively time consuming, partly due to the
computational complexity of computing the progressive surface for each prescription.

The surface of an optical lens may be adjusted to a particular desired optical design in

a number of ways. Current techniques for controlling the cylinder and the axis of a
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progressive surface at one or more surface points typically employ a surface optimisation
method with equality constraints which may relate, for example, to the cylinders at the far
vision and near vision control points and in which an optical function, often referred to as a
merit function is constructed from the sphere and cylinder reference maps. In these techniques
a cylinder and or a sphere is imposed at a certain number of surface points while trying to
preserve as much as possible the overall surface design. Generally to construct a merit
function to be minimised by means of these tools a reference progressive surface is used as a
starting point. The constraints to be respected are then added. An optimisation process is then
implemented on the merit function and on the constraints by varying several hundreds of
surface description coefficients.

The use of such methods can however be time consuming in terms of the calculation
algorithms used, and thus cannot be easily integrated into the calculation process of complex
lens without considerably increasing the calculation time. Moreover, often the optical design
parameters are not truly respected. This is due to the optimisation technique being dependent
on a number of unknowns and the optical merit function being made up of several thousand
target parameters. In order to avoid these optimisation phases during calculation of a final
lens, a very significant number of semi finished surfaces are pre-calculated and stored in a
database.

Today with the increase in product specification requirements and the complexity of
surface manipulation there is an increasing need to control the cylinder and the axis of a
progressive surface at several surface points. For example:

* during the design of progressive surfaces it is desirable to be able to impose a zero
cylinder value in the near vision zone and/or the far vision zone;

* for commercial reasons and processing requirements (for example measuring
techniques) it is sometimes desirable to be able to impose a zero cylinder value at a
point in the near vision zone for aspherical surfaces without changing the far vision
cylinder of the original surface or vice versa so that modification of the general allure of
the mean sphere and cylinder maps defining the design is minimised. This process is
sometimes referred to as buffering and can be applied during the design of a progressive
semi-finished blank;

= generally there is a need to control the cylinder value in the far vision zone and in the
near vision zone each time significant surface transformations are carried out, for
example when changes in the near vision inset, surface composition and meridian

changes are performed
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= for future products having different astigmatism values it is also desirable to be able to
control the cylinder at a point of the far vision region and the cylinder at a point of the
near vision region independently of one another
If a progressive ophthalmic lens is considered in its environment (ergorama) of normal use
positioned in front of the wearer taking into account certain wearing parameters such as
pantoscopic angle, curving contour, eye-lens distance, and according to the wearer’s
prescription, certain undesirable optical aberrations can appear in viewing directions for
which the surface of the lens does not have any or very little surface aberration. More
specifically the two surfaces of the lens may have a zero or practically zero cylinder value on
a zone or at a point and the optical analysis of the same lens may present in this zone an
undesirable level of astigmatism. Such aberrations do not necessarily result from a defect of
the surface but are often the result of oblique effects due to the incidence of the rays and the

thickness of the lens in different viewing directions through the optical lens.

A desire in an optical context is therefore to cancel for a gaze direction or to minimise
in a zone, the resulting astigmatism generated by surface defects of the lens, as well as by
oblique effects, without changing or by modifying as little as possible the optical design and
more particularly the optical power map of the lens.

In the context of optical parameters there are generally two methods for minimising
oblique effects.

A first method consists in optimising the surface of one of the two faces of the lens in
such a way that it optically generates the least amount of optical aberration in the considered
zones. The designer works the surface by trial and error looking for an optimised surface
geometry which will preserve certain design characteristics such as field/gradient
compromise, progression length etc, while controlling the level of optical aberrations linked
to oblique effects.

A second method consists in optically optimising the lens by varying one of the two
faces while targeting an optical function defined by the designer which presents the least
number of aberrations in the considered zones for the specific prescription. Again the designer
must work by trial and error by looking for an optical target function attainable by the
optimised lens which satisfies at the same time certain design characteristics such as
field/gradient compromise, progression length etc. while controlling the level of optical
aberrations linked to oblique effects.

Such aspherical optimisation can be calculated for:
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. a reference prescription and then extended to a certain part of the prescription range
(for example by calculating an aspherisation per base of semi-finished blanks with
a reference prescription per base. However the benefits are not optimal for all
prescriptions;

. each prescription in a customised manner by multiplying the number of semi-

finished blanks or by machining the lens according to the prescription

In order to cancel a resulting astigmatism of a lens for a particular gaze direction it is
possible to calculate and add a surface layer, purely cylindrical to one of the two surfaces of
the optical lens.

The aforementioned methods of aspherisation and atorisation suffer the drawback that for
a progressive lens they are not optimised in each viewing direction mainly due to the
differences in power and proximity of objects in the different zones of vision of the lens, in
particular between the near vision zone and the far vision zone.

Moreover, the aforementioned methods suffer the drawback that they are cumbersome to
implement due to the oblique effects depending on different parameters, and in particular on
the prescription. This means that it is necessary to provide a different method for each
prescription which in practice is unfeasible.

In view of the foregoing it would be desirable to reduce the complexity of the calculation
design and improve the reliability of the calculations in the design of a surface of an optical
lens.

Accordingly, in its most general form the present invention comprises adding to a pre-
calculated reference progressive surface, a modifying surface layer. Certain parameters of the
modifying surface layer are adjusted in order to satisty the desired constraints. Accordingly,
instead of solving an optimisation problem under equality constraints with several hundreds
of unknowns, by virtue of a well chosen modifying surface layer, a system of equations can
be solved with only several unknowns. The modifying surface layer may be dependant or it
can be a defined as a function of the reference surface.

According to a first aspect of the invention, there is provided a method of designing an
optical lens surface, the method comprising the steps of providing a reference surface S, the
reference surface S,.r being defined by a plurality of surface points P; each surface point P;
having a mean sphere Sph (P;) and a cylinder Cyl(P;); providing at least one modifying
surface layer SLyod(E1, ,---, En, X,Y) the modifying surface layer SL;,.q being determined as a

function of N adjustment parameters &y, &..., &y, wherein N>1 and the N adjustment
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parameters &;, &q,..., &y are selected according to the desired optical properties of the optical
target; combining the modifying surface layer SL,q with the reference surface Ss to obtain a
target optical surface S, (X,y) according to the expression: Sg(X,Y) = Sie(X,Y) + SLinoa (&1,

- €N, X,Y); such that the value of a lens parameter of at least one surface point P; at a first
region of the reference surface S is modified without modifying a lens parameter of at least
one surface point P; at a second region of the reference surface S, distanced from the first
region.

The method according to a first aspect of the invention enables the calculation time of
the final target surface of an optical lens to be significantly decreased, from a duration of over
several minutes to the order of seconds. Although the method may employ the use of an
optimisation method with equality constraints in order to define the reference surface layers,
these surface layers are independent of the target surface of the final optical product and are
of a limited number. For example, 4 surface layers may be sufficient for an entire product
range.

Moreover, the method according to the first aspect of the invention enables the
reference design to be respected and the level of astigmatism to be minimised. From the
reference surface design, the method enables surface equations to be obtained for a set of
semi-finished blanks; or attainable optical targets to be generated for optical optimisation of a
manufactured lens according, for example to a prescription.

Employing the method according to the first aspect of the invention enables resolution
of a problem having a considerably reduced number of unknown variables as opposed to
resolving a problem including several hundreds of unknown variables necessitating resolution
by complex optimisation. The solution of aspects of the invention is thus more economical in
terms of calculating resources. Depending on the case in question it would suffice to solve a
system of linear or non-linear equations, or to minimise a merit function.

According to a second aspect of the invention there is provided a method of
manufacturing an optical lens surface comprising the steps of designing a target optical
surface Si(X,y) of the optical lens as described above, and further comprising the step of
manufacturing the surface according to the target optical surface Sa(X,Y).

Further features of embodiments of the invention are set out below:

The optical lens may be a progressive or digressive optical lens and wherein the first
region corresponds to one of a far vision zone and a near vision zone of the reference surface
Srer, and the second region corresponds to the other of the near vision zone and the far vision

zone of the reference surface Siet.
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Modifying the lens parameter may include modifying at least one of the mean sphere
Sph (P;), the cylinder Cyl(P;), the cylinder axis Ax(P;), the optical power OP((P;) and the

astigmatism value Ast(P;), at the at least one surface point P;.

The N adjustment parameters &;, ..., & may be selected according respectively to N
optical constraints imposed by the desired optical properties of the target optical surface Sr.

Alternatively the N adjustment parameters &;, ..., &y may be selected to minimise a surface
or optical merit function around a surface point P; The modifying surface layer SLy,0q may be
determined according to at least a first surface S1 and a second surface S2 as a function of at

least 2 adjustment parameters &;, & and is given by the expression:

SLinod (€1, & X,Y) = E(S1(X,y)c0S(28,)+ S2(X,y)sin(2E,))

The modifying surface layer SLiyog may be determined according to a first surface S1 as a

function of at least 2 adjustment parameters &;, &and is given by the expression:

SLmOd :(&1 7 &21 le) = élROtaﬁon—Z(&LSl(le))

wherein Rotation_z(&,,S1(X,y)) is a rotation function representing the rotation of the first
surface S1 about an axis z passing through a surface point of the plane (0x,y).

The modifying surface layer SL.q may be constituted of a plurality L. of constitutive
surface layers Smodi.. Smodr, Where L>1 as a function of a plurality M of adjustment parameters
1,2 Em-.Ewand is given by the expression:

SLimod (€1..EmX,Y) = SLmod1 (€1,€2,%,Y) + SLmod1 (&m/EM,X,Y)
in which each constitutive surface layer Sp.a; controls at least one of a cylinder Cyl(P;), a
mean sphere Sph(P;) an astigmatism value Ast(P;), of a respective control point (P;)of the

reference surface S.t.

For example,the modifying surface layer SL,.,« may be constituted of at least two
constitutive surface layers SLjoq; and SLp.a; as a function of 4 adjustment parameters
€1,E2 &,84and is given by the expression:

SLinod (61,82 §3,/84%Y) = SLinoar (€1,62,%Y) + SLimoaz (€3,€4%,Y)
in which each consitutive surface layer Smod1, Smod2 controls, for example, a cylinder Cyl(P;)of

a respective control point (P;)of the reference surface Si.
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The modifying surface layer SLn.q may be determined according to at least a first surface
S1 and a second surface S2 as a function of at least 2 adjustment parameters &;, &, and is given
by the expression:

SLimod (€1, &2 X,¥) = &1S1(X,Y) + £:82(%,y)

The modifying surface layer SLy0a(E1, €2, €3, Eay---, En, X,Y) may be expressed as
surface layer SLoa (&1, X,¥) = £:S1(x,y) to modify value of, for example,the sphere Sph at a
point Py of the reference surface S,

An optical constraint may comprise one or more of the following characteristics: a
cylinder value Cyl(P;) a mean sphere value Sph(P;),a cylinder axial value, an optical power
value, and an astigmatism value at a surface point Pi.

According to another aspect, the invention relates to a computer program product
comprising one or more stored sequence of instructions accessible to a processor which, when
executed by the processor, causes the processor to carry out the steps of a method according
to the invention. The invention also relates to a computer readable medium carrying one or
more sequences of instructions of the computer program product according to the invention.

Unless specifically stated otherwise, it will be appreciated that throughout the
specification terms such as "computing”, "calculating”, "generating", or the like, refer to the
action and/or processes of a computer or computing system, or similar electronic computing
device, that manipulate and/or transform data represented as physical, such as electronic,
quantities within the computing system's registers and/or memories into other data similarly
represented as physical quantities within the computing system's memories, registers or other
such information storage, transmission or display devices.

Embodiments of the present invention may include apparatuses for performing the
operations herein. This apparatus may be specially constructed for the desired purposes, or it
may comprise a general purpose computer or Digital Signal Processor ("DSP") selectively
activated or reconfigured by a computer program stored in the computer. Such a computer
program may be stored in a computer readable storage medium, such as, but is not limited to,
any type of disk including floppy disks, optical disks, CD-ROMs, magnetic-optical disks,
read-only memories (ROMs), random access memories (RAMs) electrically programmable
read-only memories (EPROMs), electrically erasable and programmable read only memories
(EEPROMs), magnetic or optical cards, or any other type of media suitable for storing

electronic instructions, and capable of being coupled to a computer system bus.
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The processes and displays presented herein are not inherently related to any particular
computer or other apparatus. Various general purpose systems may be used with programs in
accordance with the teachings herein, or it may prove convenient to construct a more
specialized apparatus to perform the desired method. The desired structure for a variety of
these systems will appear from the description below. In addition, embodiments of the present
invention are not described with reference to any particular programming language. It will be
appreciated that a variety of programming languages may be used to implement the teachings
of the inventions as described herein.

In the context of the present invention, the following terms may be deemed to have
meanings indicated herein below:

- optical axis of the progressive addition lens: direction perpendicular to the front face of a
lens and passing through the optical center or the prism reference point (PRP) in the case of a
progressive lens;

- near vision point-well known term in the art, an example of definition may be: the point of a
surface of a progressive addition lens through which the sight of the wearer passes when said
wearer is in a reading position.

- reading position - widely used by the person skilled in the art of vision correction and may
be understood as a reading position where the object to be read is situated between 25 to 50
cm from the eye or more generally from spectacles plan of the reader

- far vision poin:t well known to the person skilled in the art, an example of definition may
be: the point of a surface of a progressive addition lens through which the sight of the wearer
passes when said wearer looks at infinity and where the values of the Sphere, cylinder and
Axe correspond to the wearer’s prescription for far vision.

- surface design widely used wording known from the man skilled in the art to designate the
set of parameters allowing an optical function of a generic optical system to be designed;
each ophthalmic lens manufacturer may have its own designs, particularly for aspherical lens
and for progressive addition lenses.

- far vision zone: zone of the lens that surrounds the far vision point, and within which the
local optical characteristics of optical power and of astigmatism of the lens are substantially
identical to those at the far vision point;

- near vision zone: zone of the lens that surrounds the near vision point, and within which the
local optical characteristics of optical power and of astigmatism of the lens are substantially

identical to those of the near vision point;
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- addition of a progressive addition lens: difference between the value of optical power of the
lens at the near vision point and that at the far vision point;

- optical characteristics of a progressive addition lens: data on optical power, astigmatism,
aberration, etc., relating to the modifications of a light beam that passes through the
progressive addition lens;

- prescription: set of optical characteristics of optical power, of astigmatism and, where
relevant, of addition, determined by an optician or the like in order to compensate for visual
defects of an individual, for example by means of a lens positioned in front of his eye.

— astigmatism: term used to denote the data pair formed by an amplitude value and a value of
angle. It is also sometimes used to denote the amplitude of the astigmatism only. The context
allows those skilled in the art to understand which usage of the term is intended. Generally
speaking, the prescription for a progressive addition lens comprises values of optical power
and of astigmatism at the distance-vision point and, where appropriate, an addition value;

- surface characteristics of a progressive addition lens: geometrical data relating to one face of
the lens, such as values of average sphere or of cylinder, for example;

- height: used to define a lens or a lens zone dimension corresponding to a vertical when the
sight is horizontal;

- width: used to define a lens or a lens zone dimension corresponding to a horizontal when the
sight is horizontal.

For purposes of the invention, by "progressive addition surface" or "progressive
surface" is meant a continuous, aspheric surface having far and near vision zones and a zone
of increasing dioptric power connecting the far and near vision zones.

By "ophthalmic lens" or "lens" is meant any ophthalmic lens including, without
limitation, spectacle lenses, contact lenses, intraocular lenses and the like. Preferably, the lens

of the invention is a spectacle lens.

Embodiments of the invention will now be described, by way of example only, and

with reference to the following drawings in which:-

Figures 1A to 1C schematically show an example of an eye—lens arrangement;

Figure 2 is a flow chart of steps of a method of designing an optical lens according to
embodiments of the invention;

Figure 3 is a profile of a surface constituting a surface modifying layer for designing

an optical lens according to an embodiment of the invention;

10
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Figure 4 is a spheres profile along the meridian progression line of a surface used for
modifying a reference surface according to an embodiment of the invention;

Figure 5A is a profile of a surface constituting a surface modifying layer for modifying
a reference surface according to an embodiment of the invention;

Figure 5B is a spheres profile along the meridian progression line of a surface used for
modifying a reference surface according to the embodiment of Figure 4;

Figure 6A illustrates a spheres profile along the meridian progression line of a surface
of an optical lens to be modified according to an embodiment of the invention;

Figure 6B is a surface map of the mean sphere value of the surface of Figure 6A;

Figure 6C is a surface map of a cylinder value of the surface of Figure 6A;

Figure 7A illustrates a spheres profile along the meridian progression line of a surface
of an optical lens modified according to an embodiment of the invention;

Figure 7B is a surface map of the mean sphere value of the surface of Figure 7A;

Figure 7C is a surface map of a cylinder value of the surface of Figure 7A;

Figure 8A illustrates a spheres profile along the meridian progression line of a surface
of an optical lens modified according to an embodiment of the invention;

Figure 8B is a surface map of the mean sphere value of the surface of Figure 8§A;

Figure 8C is a surface map of a cylinder value of the surface of Figure 8A;

Figure 9A illustrates a powers profile along the meridian progression line of a surface
of an optical lens to be modified according to an embodiment of the invention;

Figure 9B is a surface map of the power profile of the surface of Figure 9A;

Figure 9C is a surface map of astigmatism value of the surface of Figure 9A;

Figure 10A illustrates a powers profile along the meridian progression line of a surface
of an optical lens modified according to a surface modifying method;

Figure 10B is a surface map of the power profile of the surface of Figure 10A;

Figure 10C is a surface map of astigmatism value of the surface of Figure 10A;

Figure 11A illustrates a powers profile along the meridian progression line of a surface

of an optical lens modified according to a surface modifying method;

Figure 11B is a surface map of the power value of the surface of Figure 11A;

Figure 11C is a surface map of astigmatism value of the surface of Figure 11A;

Figure 12A illustrates a powers profile along the meridian progression line of a surface
of an optical lens modified according to an embodiment of the invention;

Figure 12B is a surface map of the power value of the surface of Figure 12A;

Figure 12C is a surface map of astigmatism value of the surface of Figure 12A;

11
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Figure 13A illustrates a powers profile along the meridian progression line of a surface
of an optical lens modified according to an embodiment of the invention;

Figure 13B is a surface map of the power value of the surface of Figure 13A;

Figure 13C is a surface map of astigmatism value of the surface of Figure 13A:

Figure 14A illustrates a spheres profile along the meridian progression line of a
surface of an optical lens to be modified according to an embodiment of the invention;

Figure 14B is a surface map of the mean sphere value of the surface of Figure 14A;
and

Figure 14C is a surface map of a cylinder value of the surface of Figure 14A.

As well as defining the characteristics of lenses in terms of mean sphere or cylinder,
the situation of the wearer of the spectacle lens can be taken into consideration. Figure 1A
shows a schematic representation of a perspective view of an eye-lens arrangement
illustrating the parameters o and 3 for a gaze direction. Figure 1B shows a view in a vertical
plane parallel to the anteroposterior axis of the head of the wearer and passing through the
centre of rotation of the eye in the case where B =0. Figure 1C shows a view in perspective in
a configuration where o and  are non zero enabling a fixed marker{ x, y, z} and a marker

{ Xm,» Ym, Zm} relating to the eye to be highlighted in order to illustrate the rotation of the eye.

Q’ is the centre of rotation of the eye, Q’F’ is the horizontal axis passing through the
centre of rotation of the eye and extending in front of the wearer — i.e. the axis Q’F’
corresponds to the primary gaze direction. Point O is the point of intersection of the back
surface of the lens and the axis Q’F’. A sphere of vertices centered on Q’, of radius q’, which
is tangential to the back surface of the lens at a point of the horizontal axis, is defined. As an

example, a common value for radius q’ is 25,5mm.

A given gaze direction corresponds to a position of the eye rotating around Q’ and to
a point J on the sphere of vertices; the angle B is the angle formed between the axis Q’F’ and
the projection of the line Q’J onto the horizontal plane containing the axis Q’F’, angle a. is the
angle between straight line Q'J and the projection of the line Q’J onto the horizontal plane
containing the axis Q'F. A given gaze direction thus corresponds to a point J on the sphere of
vertices or to a set of spherical coordinates (., B). The image of a point of the object space in
a gaze direction and at a given object distance is formed between two points S and T
corresponding to the minimum and maximum focal distances. The image of a point in the

object space at infinity forms at point F’ of the optical axis.
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These elements enable an optical power and an astigmatism to be defined in each gaze
direction. For a given gaze direction (o, ) the object point M at a object distance given by
the ergorama is considered. An ergorama is a function providing for each lens an association
between each gaze direction and the usual distance to the object point towards which the gaze
is directed. Typically in far vision following the direction of primary gaze, the object point is
at infinity.

In the object space, for a point M on the corresponding light ray of a direction of gaze,
the degree of nearness of an object, Prox0, is defined as being the inverse of the distance MJ

between point M and point J on the sphere of vertices:

ProxO=1/MJ

This makes it possible to calculate the degree of nearness of an object in the
framework of a thin lens approximation at every point of the sphere of vertices, which is used
for determining the ergorama. For an actual lens, it is possible, using a ray tracing program,
to consider the degree of nearness of an object as being the inverse of the distance between

the object point and the front surface of the lens, on the corresponding ray.

Still for the same direction of glance (alpha, beta), the image of the point M having a
given degree of nearness is formed between two points S and T corresponding, respectively,
to a minimum and maximum focal length (which would be the sagital and tangential focal
length in the case of surfaces of revolution). The quantity: ProxI is called the degree of

nearness of the image of point M:
ProxI = 0.5((1/JT) + (1/1S))
By analogy with the case of the thin lens, one thus defines, in a given gaze direction
and for a given degree of nearness of an object, i.e. for a point in object space on the
corresponding light ray, an optical power Pui, as being the sum of the degree of nearness of

the image and the degree of nearness of an object:

Pui=ProxO+ProxI
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Using the same notation, in each direction of glance and for a given the degree of

nearness of an object, an astigmatism Ast. is defined as being:

Jr JS

This astigmatism Ast corresponds to the astigmatism of the light beam created by the
aspherical front surface and the rear spherical surface. The angle of astigmatism commonly
referred to as axe is the angle y measured in marker (Q’, Xm, Ym, Zm) related to the eye with
respect to the direction Z, with the image S or T being formed as a function of the
convention used in the plane (Q’, Zm, ym). The term resulting astigmatism refers to the

difference between the prescribed astigmatism and the astigmatism generated by the glass

Thus, two possible definitions of optical power and astigmatism aberration of the lens
are provided, under wearing conditions. These quantities may be readily calculated using a
ray tracing program for a given lens. An example of such a ray tracing method is described in
B.Bourdoncle et al, Ray tracing through progressive ophthalmic lenses, 1990 International
Lens Design conference, proceedings SPIE 1354, Georges N Lawrence and D.T Moore ed.
1990 pp.194-199.

An ergorama is thereby defined which gives, for each direction of gaze, the degree of
nearness of an object and a wearer power. The ergorama is defined for a given situation of the
wearer, in other words for an ametropia-power addition pair and is thus a function that maps
four variables: ametropia, power addition and direction of glance in the form of angles alpha

and beta, to two values: the degree of nearness of an object and a wearer power.

A first embodiment of the method according to the invention will now be described
with reference to Figures 2 to 5B. In a preceding step of this example one or more reference
surface S, are pre-calculated, each reference surface S, being defined by a plurality of
surface points P; each surface point having a mean sphere Sph (P;) and a cylinder Cyl(P;). The
reference surfaces S..f may be calculated according to known optimisation methods such as
those hereinbefore described.

In step S1, the reference surface S,f to be modified is selected. A modifying surface
layer ST is then determined in step S2 as a function of N adjustment parameters &1, &, &3,

Ea,---, En; wherein N>1. In this first embodiment the N adjustment parameters &1, &y, &3,
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Ea,---, En are selected in step S3 according respectively to N optical constraints imposed by
the desired optical properties of the target optical surface. In this example the constraints to be
imposed by the modifying surface layer SLmoq include cancelling the cylinder value Cyl(Pgv)
in the far vision region FV while preserving the cylinder value Cyl(Pyvy)in the near vision
region NV of the reference surface Sit,.

Fixing a cylinder value Cyl(Px)=0 at a surface point can be seen as two constraints
since this process is the equivalent of imposing that the curvatures are equal in all directions.
If 3 curvatures taken in 3 non-aligned directions are equal, this ensures, by the Gauss
equation, that all the curvatures of the surface are equal. If on the other hand a cylinder value
Cyl(P;) at a surface point was fixed such that Cyl(P;)# O this would constitute only one
constraint. In this particular example there are therefore 4 constraints to respect: 2 constraints
for the cylinder Cyl(Pry) in the far vision region FV and 2 constraints for the cylinder
Cyl(Pnv)in the near vision region NV. A modifying surface layer SLy0qa having 4 adjustable
parameters is therefore used to respect the 4 constraints.

In order to simplify the problem, a modifying surface layer SLimoq having a zero or
negligible cylinder value Cyl(Pnv ) in the near vision region NV, Cyl(Pnv)=0, and being
negligibly curved is imposed in order to assimilate the cylinder value Cyl(Pyv)in the near
region of the target optical surface to that of the reference surface S¢. Accordingly the
problem is reduced to seeking two parameters enabling only the cylinder value Cyl(Prv ) in
the far region to be made equal to zero.

Several modifying surface layers SLy,oq are possible. As an example the modifying surface
layer SLn.q may be determined according to a first surface S1 and a second surface S2 as a
function of at least 2 adjustment parameters &;, & and given by the expression:

SLmoa (§1/ &2, X,¥) = C151(%,¥)+ &aS2(x,y) 3)
Or by the expression the cosine and sine functions can be used to define the orientation of the
surface:

SLioa (&1, &2, X,Y) = &1(S1(X,y)c0s(282)+ S2(X,Y)sin(2&2)) 4)

wherein the surfaces S1 and S2 satisfy the following conditions:

- at least one surface point Ppyg in a far vision region of the first surface S1 has a

cylinder value Cyl(Prv s1) >0, wherein the first cylinder has an axis AxelFV,

- the least one surface point Prys; in the far vision region of the first surface S1 has a

sphere value Sph (Pry 1) of approximately zero,
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- at least one surface point Pyys; in the near vision region of the first surface S1 has a

first cylinder Cyl(Pnv 1) of approximately zero;

- the at least one surface point Py s; in the near vision region of the first surface S1 has

a sphere value Sph (Pnv 1) of approximately zero,

- the first surface S1 is flatter than reference surface Sier

- at least one surface point Pry o, in the far vision region of the second surface S2 has a

cylinder value Cyl(Prv s2), >0, wherein the second cylinder has an axis Axe2FV,

- the least one surface point Py ss in the far vision region of the second surface S2 has a

sphere value Sph (Pry 52) of approximately zero,

- at least one surface point Pyv s, in the near vision region of the second surface S2 has a

second cylinder value Cyl(Pny s2) of approximately zero;

- atleast one surface point Pyv 2 in the near vision region of the second surface S2 has a

sphere value Sph (Pxvs2) of approximately zero,

- the second surface S2 is flatter than reference surface Sier
and wherein the angle o between axis of the first cylinder and the axis of the second cylinder
is given by 0<0<90°, and is preferably around 45°.

In order to translate the above criteria into a mathematical representation, a surface which
minimises a certain functionel specification, for example, the flattest possible surface, may be
sought. Surfaces S1 and S2 should be independent of the reference surface S.¢ so that they do
not have to be recalculated for each new reference surface S, Instead it should only be
necessary to perform the calculation once and store the results in a database.

In step S4 the modifying surface layer Slnod iS combined with the reference surface Sier
according to the expression:

Se(X,Y) = Srer(X,¥) + SLmoa (€1, E2r X,Y) (5)
to achieve the final target surface S, such that on the target optical surface the cylinder value
Cyl(Prv )=0 in the far vision region FV, while the cylinder value Cyl(Pnv)in the near region is
equal to that of the reference surface Sy

In another example, the modifying surface layer SL..q may be determined according to a
first surface S1 as a function of at least 2 adjustment parameters &; , & and given by the
expression:

SLimoa (&1, &2, X;¥) = EiRotation_z(2,51(X,Y)) (6)
wherein the first surface S1 has the same properties as defined previously and where

Rotation_z(£,S1(x,y)) is a rotation function representing the rotation of the first surface S1
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about an axis z passing through a surface point (FC (fitting cross) , PRP (prism reference
point) or NV (near vision control point), for example) of the plane (0x,y). This enables only a
first surface S1 to be defined. The axis of the cylinder of S1 at the surface point should
remain close to the axis of the cylinder of the reference surface S at the same point.

In the case where the cylinder at N points should be controlled, the method may be
applied by considering the modifying surface layer SL.q4 as a sum of N distinct surface layers
SLmodt + SLimod2 -+ +SLmodn

Considering, for example the case of 2 surface points. In this case the modifying surface
layer SLmoan to be considered can be broken down into two modifying surface layers SLmoedi
and SLmaz as a function of 4 adjustment parameters &1,&p, &3,E4 according to the expression:

SLimod (§1/G2/ 83,84/%,Y) = SLmoat (81,82/%,Y) + SLmnaz (€3,84,%,y) (7)
in which each consitutive surface modifying layer SLmod1, SLmod2 controls a cylinder Cyl(P;) of
a respective control point (P;) of the reference surface S

Each modifying surface layer SLoq; and/or SMpegcan be broken down according to
expressions (3) and (4) given above.

Surfaces S1 and S2 which make up the modifiying surface layer SL.noq1 and the surfaces
S3 and S4 which make up the modifying surface layer S04, should be constructed in order
to ensure certain properties at the point of control under consideration. The same surface
properties as those presented above for surfaces S1 and S2 can be defined for S1 and S2
respectively , and for S3 and S4 respectively in this case.

In order to calculate the coefficients &;, &, &3, E4 a system of 4 non-linear equations is
resolved with 4 unknown variables.

Due to the constraints imposed by the four surfaces S1, S2, S3 and S4 ,the system of 4
equations can by a first approximation, in the case where the points Ppy and Pxy are not
positioned too close to one another, and in the case where the cylinder values at these points
of the reference surface are not too significant, be broken down into 2 systems of 2 equations
and 2 unknowns. In other words it is possible to break down a buffering problem or more
generally the control of cylinder values at two points into two buffering problems of 1 point
as described above.

The surfaces S1 and S2 can after rotation about the z axis, translation and/or potential
adaptation of the progression length or the inset, may be used as surface S3 and S4. i.e. the 2
surfaces S1 and S2 are sufficient to generate firstly the cylinder value Cyl(Pry) in the far

vision region FV and the cylinder value Cyl(Pnv) in the near vision region NV. The 2 surfaces
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S1 and S2 may also be used for other products in which the positions of the far vision FV and
near vision NV control points are not identical.

A further solution would be to define a local optical function sometimes referred to as a
merit function which takes into account a region around a point rather than just the point
itself. In other words the resolution of a non-linear system of equations is replaced by a
optimisation problem.

An example of the profile along the z direction of a surface such as S1 for setting the
cylinder value Cyl(Pny)=0 (e.g. in buffering) of the near vision NV control point is
illustrated in Figure 3.

Figure 4 is a graph of the mean sphere value and cylinder value (difference between the
two outer curves representing the principal minimum and maximum curvatures) along the
meridien progression line of surface S1 for adjusting the cylinder value Cyl(Pxy) at the near
vision control point according to an embodiment of the invention. This surface S1 was
obtained with the aid of a surface optimisation software with equality constraints.

The surface S1 was calculated by minimising the merit function MF according to the

expression:

MF = ISph(x,y)zdxdy (8)

Disc

It will be understood that alternative merit functions may be used, such as for example:

MF = [Sph(x.y)” + Cyl(x.y)" dudy ©)

Disc

The imposed contraints for this surface calculation being:

CthV =0.1
AXGlNV =64.0
Sph1NV =0.0
CyllFV =0.0
Sphu:v =0.0

In order not to have too high a cylinder value beyond the far vision region and to have

zero height at (0,0) the following constraints have been added:

CthfV =0.0
SphlVfV =0.0
S1(0,0)  =0.0

It will be understood that further constraints can be added, for example in terms of the

height in the direction z on the disk or the cylinder value on the same disk.
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The surface sought is modelled by B-Spline curves of degree 5 of which the control points
are spaced apart by 20mm. The optimised variables are the B-Spline coefficients.

The general idea is that the surfaces S1 and S2 are flat at the far vision region (FV) and
little by little curve in the near vision region (NV) maintaining a sphere value Sph(Pnv) =0 at
the near vision control point. The main curvatures are thus opposed at the near region point in
order to obtain a zero sphere value at this point.

Around the near vision control point NV a curvature, according to the equation (6) in the

direction 0 with respect to the x-axis is given by:

Curve(Smog,0) = &1yl cos(2( 8+8,))/2 (10)

Modifying surface layer Smod(E1, &2, X,Y) is therefore similar at the near region control
point NV to the surface of a zero sphere, of cylinder &; cyl and of axis 6+&;, and remains flat
at far vision control point NV. Parameters &;, &; should then be adjusted in order to satisfy the
condition Cylyv=0.

If the reference surface S,.f has small cylinder values at the control points, the modifying
surface layers which will be added to it will be limited and the surface design will thus only
modified around the control points of the surface.

It should be noted that the modifying surface layers described herein may be applied to
any surface design.

In a further embodiment of the invention, at the near vision NV and far vision FV control
points, cylinder values can be fixed to be non-zero i.e Cyl(Pnxy)#0 and/or Cyl(Pgy)#0 and
cylinder axes can be fixed. In any case it is preferable that the reference surface S, is not too
distant from the desired constraints. The same decompositions according to expressions (3)
and (4) and the same surfaces S1 to S4 as in the buffering case described above may be
applied but with different constraints being imposed. These constraints may be the cylinder
and its axis. It is preferable however for reasons of distinction to use two curves in 2 different
directions (for example, orthogonal to one another) as constraints. These curves may be easily
calculated from the sphere value Sph of the reference surface at the point under consideration,
and from the desired cylinder Cyl and axis Axe.

In a further embodiment of the invention, the mean sphere value Sph at a surface point
(X0,Y0) may be changed by a small amount ASph without changing the general design of the
surface. In this particular case a surface modifying layer SLimoq based on only one paramter

can be applied according to the expression:
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Smod(&1/ X;¥) = &1S1(X,Y) (11)

where surface S1 satisfies the following conditions :

- asmall but non-zero sphere Sph; at (x¢,yo), for example, 0.05 diopters
- Cyl1=0 at (x0,y0)
Cylirv=0 at the far vision control point
Sphiry=0 at the far vision control point
Cyliny=0 at the near vision control point
Sphinv=0 at the near vision control point
S1 is flatter than Ser
Figure 5A illustrates an example of a profile along the z axis of such a surface S1 where
the point (Xg,yo) corresponds to the mounting center MC (x¢=0,yo=4). The variation of the
mean sphere value Sph and cylinder value Cyl of surface S1 along the meridian progression
line is shown in Figure 5B. The outer dashed curves represent the minimum and maximum
curvatures.
The surface S1 can be obtained with the aid of the same surface optimisation software that
was used to define the modifying layer for the buffering process.
Surface S1 in this embodiment is calculated by minimising the merit function FM

according to the expression :

MF = j Cyl(x,y) dxdy (12)

Disc
It will be understood that other merit functions may be used as an alternative, for

example :

MF = j Sph(x,y)> + Cyl(x, y)* dxdy (13)

Disc

wherein the constraints imposed for this calculation are :

Cyljw  =0.0
AX€1NV =0.0
SpthV =0.0
CthV =0.0
SpthV =0.0
Cyliem =00
Sphiem  =0.05

In order to obtain a zero height at (0,0), the following constraints can be added such as :

S51(0,0)  =0.0
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It will be understood that the surface sought is modelled by B-Splines of degree 5 of
which the control points are spaced apart by 10mm. The optimised variables are the B-spline
coefficients.

If the coefficient &; remains small, the modifying surface layer SLyeq to be added to the
reference surface S.er is small and according to a first approximation the curvatures of the
final surface S, at the far vision FV and near vision NV points, and at surface points where
the cylinder value Cyl is small can be written as:

Sph(x,y) = Sphret(X,y) + &1 Sphsi(X,y) +0(G1) (14)

The value of coefficient &; can thus be immediately deduced from the constraint for the
mean sphere value imposed at point (x,y). As a first approximation expression (14) may be
used. Alternatively a more accurate calculation may be made by resolving the accurate non-
linear equation conveying the constraint

Sph(Xo,Yo)=Sphsi(Xo,Yo)+ASph (15)

It will be understood that the closer the reference surface S.r is to respecting the
constraints imposed, the less perturbed the overall design will be by the process. It is thus
preferable to apply the method for small changes of sphere values, cylinder values or other
factors.

Adjusting coefficients &;, &,.., &, to attain the desired constraints amounts to solving a
system of N non-linear equations. In practice a large number of algorithms allow these
equations to be numerically resolved. For example the Newton Raphson method may be
employed.

In alternative embodiments of the invention a further solution would be to define a local
optical function sometimes referred to as a merit function which takes into account a region
around a point rather than just the point itself.

In an optical context, the principle is the same as in a surface context since the same types
of surfaces may be used (for example a surface without any or with little variation in the mean
sphere value, without any cylinder value in its upper part (in the area of far vision view) and
with a variation in cylinder value in its lower part (in the area of near vision view)). Moreover
the same type of systems of equations or optimisation problem resolutions can be used.

In this optical context the principle is applied not with the aim of cancelling a cylinder

value at the location of at least one surface point but with the aim of cancelling at the location
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of at least one point a resulting astigmatism value without modifying the optical power of the
lens.

Figures 6A, B and C illustrate, respectively, a mean sphere profile (central line) and min
and max sphere profiles (outer dashed lines) along the meridian progression line, a surface
map of the mean sphere and a surface map of the cylinder value for a first reference surface
Sref1 before modification by a modifying surface layer SLnod. In the surface maps 6B and 6C
the meridian progression line MM’ is shown as a solid line passing through the near vision
control point NV and the far vision control point FV. In Figure 6B points on the surface of
equal mean sphere value or power (measured in diopters) are joined by isosphere lines while
in Figure 6C points on the surface of equal cylinder value (measured in diopters)are joined by
isocylinder lines.

The first reference surface S..r; demonstrates significant cylinder values at the near vision
and far vision points NV and FV.

Figures 7A to 7C illustrate respectively a mean sphere profile (central line) along the
meridian progression line and min and max sphere profiles (outer dashed lines), a surface map
of the mean sphere and a surface map of the cylinder value for a first target surface S, after
the first reference surface S is buffered at the far vision point FV using the process of
cylinder cancellation.

Accordingly, the infinitisemal far vision FV cylinder value is cancelled by modifying the
cylinder value at the near vision point by only a value of 0.01 diopters and without modifying
the mean sphere value at the two points FV and NV. Such a calculation can take less than a
second on a standard PC.

Figures 8A to 8C illustrate respectively a mean sphere profile (central line) along the
meridian progression line and min and max sphere profiles (outer dashed lines), a surface map
of the mean sphere and a surface map of the cylinder value for a second target surface Sy
after the surface of Figures 6A to 6C has been buffered at the far vision point FV and the near
vision point NV using the process of cylinder cancellation at these points according to
embodiments of the invention. In this way the NV and FV cylinders are cancelled.

Figures 9A to 9C illustrate surface optical characteristics of a second reference surface
Seerz for a prescription with plano addition 2 diopters in wearing conditions and with
environmental standards (panto=-8°, galbe=0°, distance CRO-lens =25.5, reading distance =
40cm for a lowered view of 36°). The surface characteristics of a front face of the optical lens
is illustrated in Figures 14A to 14C and has little cylinder along the meridian and virtually

zero cylinder (0.02) at the NV point. Figure 9A is a graph of the mean power value and
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astigmatism value (difference between the two outer curves representing the sagittal and
tangential powers) along the meridian progression line. Figure 9B and 9C are respectively a
graph of the mean power and of the astigmatism for each gaze direction.

It can be noted that the near vision point has an astigmatism value of 0.15 diopters (the
cylinder value = 0.02 diopters at the corresponding near vision point) and that there is a
resultant astigmatism along the meridien line above the near vision point.

Figures 10A to 10C show the optical characteristics of the surface of Figures 9A to 9C
which has undergone an aspherisation according to a prior art method such as described in
EP1752812 for example. One method consists of defining the target optical function from a
reference design from a so called Tscherning base.

In order to cancel the astigmatism at the near vision point NV another method consists in
adding a cylindrical surface layer to one of the sides of the lens. Figures 11A to 11C illustrate
the optical analysis characteristics of the Figures 9A to 9C when a such a cylindrical surface
has been calculated and added. The astigmatism value is zero at the near point NV but since
the cylindrical surface layer has been calculated for the near vision point NV a deterioration
of astigmatism can be observed in other viewing directions, in particular at the far vision point
FV.

By virtue of the cylinder cancellation method using expression (6) above assoicated with
the surface S1 presented in Figures 3 and 4 and presenting a variation in cylinder value in the
lower part of the lens, the resultant astigmatism at near vision point NV can be cancelled.
Figures 12A to 12C illustrate the optical characteristics of a third target surface Stus
corresponding to the reference surface Sy of Figures 9A to 9C which has been “optically
buffered”. The resulting astigmatism at the near point NV is zero, the addition value being the
same as the intial value (2.17 diopters) the resulting astigmatism along the meridian
progression line above the near vision point NV has also been significantly reduced and the
range of resulting astigmatisms at the near vision level have been significantly widened.

In a further application of the method of the invention starting from the surface
characteristics of the first reference surface Sy illustrated in Figure 6A to 6C the resulting
astigmatism along the meridien progression line between the mounting centre MC and a
lowered viewing angle of 40° can be minimised. In this case the same surface S1 as used to
obtain target surface S illustrated in Figures 8A to 8C can be used. In this case an

optimisation problem to minimise the merit function as described above is resolved.
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Figures 13A to 13C illustrate in the same conditions as for the surface of Figures 8A to 8C
the optical characteristics of the seond reference surface Sep of Figures 9A to 9C after
optimisation of the astigmatism on the considered zone.

The method according to the invention can be used for modifying the surface
characteristics of a surface, for example, the cylinder value at one or more points of a surface.
The method is applicable for cylinders defined in an infinitesimal mode, i.e. a mode in which
the curvatures are defined mathematically) or in the case where the cylinders are defined in
pupil mode; i.e. in this mode the curvatures are defined starting from intergation on an eye
pupil.

In practice the method according to the invention can be coupled to other methods of
surface transformation in order to satisfy a range of geometrical constraints. For example:

- a declination method. Such a method enables the mean sphere of a surface at two
distinct points to be changed without changing the global design of the surface. The method
can be used to change the base and the addition of a progressive surface as described in
EP1756651 for example. The method of the invention thus enables in addition to cylinder
values, the values of the mean sphere to be fixed at two points which may be different to
points where the cylinder values are fixed

- in combination with the method described in European patent application EP

08305250.6 the method of the invention enables the values of the progession length
and the near vision inset NV to be fixed

- an adapted kinematics the method allows the normal to a surface point to be fixed

In addition the method can be applied at different stages of the manufacture of an optical
lens:

- during design of the lens mould or the lens;

- during machining compensation;

- during the calculation of progressive lens with differential astigmatism at the near

vision point NV and the far vision point FV

- during optimisation of the lens to the prescription which will be carried out in the

prescription lab having machining technology such as digital surfacing.

Embodiments of the invention allow an optimisation method based on equality constraints
using a significant number of variables (in some cases over 200) to be replaced by a simpler
system of 2 resolvable non-linear equations based on 2 variables. The number of variables in

the problem is reduced by selecting a design deformation that will allow the desired
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constraints to be achieved without departing too far from the original surface design around
the surface control points.

The method according to embodiments of the invention allows a certain number of stages
of an optimisation process which are subject to design deformations to be eliminated, such as
surface extrapolation.

If the reference surface has insignificant cylinder values at the control points the
modifying surface layers to be added will be insignificant and the surface design will only be
modified a little around the control points.

It will be appreciated that the methods of the invention can be applied to the design of a
digressive ophthalmic lens.

Many further modifications and variations will suggest themselves to those versed
in the art upon making reference to the foregoing illustrative embodiments, which are given
by way of example only and which are not intended to limit the scope of the invention, that
being determined solely by the appended claims. In particular the different features from

different embodiments may be interchanged, where appropriate.
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CLAIMS
1. A method of designing an optical lens surface, for the manufacture of an optical
lens, the method comprising the steps of
providing a reference surface S..¢, the reference surface St being defined by a
plurality of surface points P; each surface point P; having a mean sphere Sph (P;)
and a cylinder Cyl(P;);
providing at least one modifying surface layer SLpoa(&1, ,---, En, X,Y) the
modifying surface layer SLyoq being determined as a function of N adjustment
parameters &;, &..., Ev. wherein N>1 and the N adjustment parameters &;, &,..., Ey are
selected according to the desired optical properties of the optical target;
combining the modifying surface layer SL,oq with the reference surface S to
obtain a target optical surface S, (x,y) of the optical lens according to the expression:
Ser(X,Y) = Srer(X,Y) + SLinoa (&1, -y Eny X,Y);
such that the value of a surface parameter of at least one surface point P; at a
first region of the reference surface Sy is modified without modifying a surface
parameter of at least one surface point P; at a second region of the reference surface

Srer, distanced from the first region.

2. A method according to claim 1, wherein the optical lens is a progressive or digressive
optical lens and wherein the first region corresponds to one of a far vision zone and a near
vision zone of the reference surface Srer, and the second region corresponds to the other of the

near vision zone and the far vision zone of the reference surface Sier.

3. A method according to claim 1 or 2 wherein modifying the surface parameter includes
modifying at least one of the mean sphere Sph (P;), the cylinder Cyl(P;), the cylinder axis

Ax(P;), and the astigmatism value Ast(P;), at the at least one surface point P;

4. A method according to any one of the preceding claims, wherein the N adjustment
parameters &y, ..., &y are selected according respectively to N optical constraints imposed by

the desired optical properties of the target optical surface Ser.
S. A method according to any one of claims 1 to 3, wherein the N adjustment

parameters &, ..., &y are selected to minimise a surface or optical merit function around a

surface point P;
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6. A method according to any one of the preceding claims wherein the modifying surface
layer SLnoq 18 determined according to a first surface S1 and a second surface S2 as a function

of at least 2 adjustment parameters &;, & and is given by the expression:

SLimod (€1, &2 X,Y) = E1(S1(X,y)c0S(28,)+ S2(X,y)sin(2&,))

7. A method according to any one of claims 1 to 5 wherein the modifying surface layer
SLieq 1s determined according to a first surface S1 as a function of at least 2 adjustment
parameters &; , &and is given by the expression:

SLinod =(€1, &2 x,y) = EiRotation_z(E,S1(X,Y))
wherein Rotation_z(&,,S1(x,y) is a rotation function representing the rotation of the first surface

S1 about an axis z passing through a surface point of the plane (0x,y).

8. A method according to any one of claims 1 to 5, wherein the modifying surface layer
SLmod 1s constituted of a plurality L. of constitutive surface layers SLmodr .. SLmoar, where 1.>1
as a function of a plurality M of adjustment parameters &;,&,, &n..6w and is given by the
expression:

SLimod (€1--EmX,Y) = SLmoar (§1,82%¥) + SLimodr. (€m/&miX,y)
in which each constitutive surface layer SL.q;, controls at least one of a cylinder Cyl(P;), a
mean sphere Sph(P;) an astigmatism value Ast(P;), of a surface point (P;) of the reference

surface Sper.

9. A method of manufacturing a surface of an optical lens comprising the steps of
designing a target optical surface Sg(X,y) of the optical lens according to any one of
claims 1 to 8, and further comprising the step of manufacturing the surface according to the

target optical surface Sgr(X,Y).
10. A computer program product for a data-processing device, the computer program
product comprising a set of instructions which, when loaded into the data-processing device,

causes the device to perform the steps of the method as claimed in any of claims 1 to 9.

11. A computer-readable medium having computer-executable instructions to enable a

computer system to perform the method of any one of claims 1 to 9.
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