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ABSTRACT

The invention relates to a pair of progressive ophthalmic spectacle lenses; each lens has
an aspherical surface with a far vision zone, an intermediate vision zone and a near vision
sone. and good monocular and binocular foveal vision along the principal meridian. At each
noint of the aspherical surface there is a mean sphere which is proportional to the half sum of
(he maximum and minimum radii of curvature expressed in meters, and to the refractive index
of the lens material. The invention suggests reducing. for a given direction of sight, the
“heolute value of the difference between a binocularity parameter for two points in the object
space. The binocularity parameter is defined for a point in the object space as the relative

difference AS of the mean sphere for the points of the aspherical surface of the right and left

lenses through which the wearer sees said point.
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PAIR OFK MULTIFOCAL PROGRESSIVE SPECTACLE LENSES

The mvention relates to multifocal spectacle lenses. Such lenses have a dioptric power
varying according to the zone of vision on the lens, and are typically used for spectacle
wearers suffering from presbyopia.

Multitfocal lenses comprise lenses known as progressive lenses adapted to vision at all
distances. These lenses usually comprise a torical or spherical surface. that may be adapted to
the wearer of the spectacle lenses, and an aspherical surface chosen from a family of surfaces.

[Lach point of an aspherical surface is usually characterised by a mean sphere S and by a

cylinder C. Mean sphere S 1s defined from the formula
4
n-1{ 1 1 )

— — | o— L —

2 \R, R,/

1n which:

R and Ry are the maximum and minimum radi of curvature expressed in meters, and
n 1s the refractive index of the lens material.

With the same definitions, cylinder C is given by the formula:
1 1

Cz(n—--li—-——

R, R,

Progressive multitocal ophthalmic lenses comprise a far vision region, a near vision
region, an intermediate vision region, and a main meridian of progression passing through the
three regions. For such lenses, the addition value A 1s defined as the variation in mean sphere
between a reference point in the far vision region and a reference point in the near vision
region.

Progressive multifocal ophthalmic lenses also comprise a main meridian of progression,
also called principal line of sight; 1t i1s a line usually defined as the intersection of the line of

sight with the aspherical surface of each lens when the wearer of the lenses fixes a point in the

object space in front of him, at various distances.

French patent application FR-A-2 699 294 comprises 1n its preamble more detailed
definitions of the various elements of a progressive multifocal ophthailmic lens (main
meridian of progression, far vision region, near vision region, power addition value, etc..); 1t
also describes the work carried out by the applicant to improve wearer comfort of such lenses.

One of the problems for multifocal lenses i1s the taking into account of binocularity.
Indeed, human vision is the result of the combination of vision through two eyes, or fusion of
the images provided by the two eyes. When the image of a point of the object space on the
retina of the right and left eye 1s at two corresponding or homologous points, the images
provided by both eyes are combined, so that the person wearing the spectacle lenses only sees

one object point. There may be binocular vision with a single object point even if the two
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points are not perfectly homologous points, proVided they are not too far from being

homologous.

One of the constraints facing the manufacturer of multifocal lenses is to design lenses
that will provide appropriate power correction for one eye - that 1s provide appropriate power
for any direction of sight -. and also allow proper fusion of the images of the two eyes, that is
allow binocular vision.

For lenses of the prior art that have symmetry with respect to the main meridian of
progression, it is usual to partially rotate the lens by about 10° when fitting the lenses 1n the
spectacle frame, so as to accommodate the accommodation convergence of the eyes. This
solution is a very rough estimate, and is not fully satisfactory for ensuring binocular vision.

US-A-4,606,622 discusses the problem of fusion of the images provided by the two
eyes of the wearer of multifocal spectacle lenses. This document notably discusses the
problems of binocular vision in multifocal progressive lenses, and suggests to fit the lens with
a non-straight principal line of sight. This line is inclined towards the nose at least in the near
vision zone. The right and left lenses are symmetrical. For ensuring binoculanty, it is
suggested to consider lines of sight originating from the two eyes, for a given point 1n the
object space, and to consider the curvature of the lens at the points of intersection of these
lines with the two spectacle lenses; each line of sight extends on one of the temporal and
nasal sides of a lens, and due to symmetry of the lenses, the difference in the curvature 1s thus
only considered on one single lens. This document therefore suggests that the curvature of the
lens be substantially symmetrical on opposite sides of the intercept of the principal line of
sight to ensure a good foveal vision.

US-A-5.666,184 also discusses the problem of binocularity, and suggests to limit, 1n the
near vision portion, the difference in astigmatism on a horizontal line, between points that are
symmetric with respect to the prime line of sight.

The solution of these two documents - asymmetrical design with a symmetry of

astigmatism with respect to the principal line of sight - may be appropriate for static vision:

the difference between the images of a point in the object space is sufficiently limited for

allowing binocular vision in the far and near vision zone of a multifocal lens, so that the
lenses ensure a good foveal vision 1n these zones.

However, this solution does not bring a solution to the problem of dynamic vision, or
vision of the wearer of the spectacle outside of the near and far vision zone. A number of
wearers cannot adapt to multifocal lenses due to problems in dynamic vision, that may
originate in bad or inappropriate binocular vision.

The invention provides a solution to this problem. It proposes an optical lens which
ensures correct dynamic vision, and appropriate fusion of the images provided by the eyes

outside of the static vision fieids.
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More specifically, the invention provides a pair of progressive ophthalmic spectacle
lenses, each lens having an aspherical surface with a far vision zone. an intermediate vision
zone and a near vision zone. and good monocular and binocular foveal vision along a

principal meridian, each point M of the aspherical surface having a mean sphere defined by

the formula:

n-1{ 1 1)
= e | ve— ] Gt
2 \R, R,

where R| and Rj are maximum and minimum radii of curvature expressed in meters,

and n 1s the refractive index of the lens material,

wherein, for a given direction of sight, the absolute value of the difference between a
binocularity parameter for two points in the object space is as small as possible,
said binocularity parameter being defined, for a point (M) in the object space as the

relative difference AS of the mean sphere for the points (Mp, Mgq) of the aspherical surface of

the right and left lenses through which the wearer sees said point (M).

[n one embodiment of the invention, the relative difference AS is defined by the formula

~q.
AS = 100><--~§D———(’——
(S, +S)/2

where Sp and Sg are the values of mean sphere at said points (Mp, Mg) of the
aspherical surface of the right and left lenses through which the wearer sees said point (M).

The said two points 1n the object space may be sampled on a vertical plane.

In this case, the vertical plane 1s preterably spaced about 80 ¢cm from the lenses.

In another embodiment of the invention, the said points in the object space are sampled
from a set of points 1n the object space are sampled from a set of points in the object space
chosen so that points of the aspherical surface through which the wearer sees said points of
said set are distributed on each of the right and left lenses.

Preferably, said given direction of sight corresponds to an object point in front of the
wearer, at a distance of about 80 cm, and about 50 cm lower that the eyes of the wearer.

[n one embodiment of the invention, the aspherical surface of each lens has an addition
(A) defined as the difference in mean sphere between a reference point of the near vision zone
and a reference point of the far vision zone, and the relative difference AS 1s less than a
maximum value, said maximum value being a function of said addition.

In this case, said maximum value may be an increasing function of said addition.

The maximum value 1s preferably within 30% of a function f of the addition, with

f(A) =5.9xA - 2.35

Further features and advantages of the present invention will become more clear from

the description which follows of one embodiment of the invention provided by way of non-

limiting example with reference to the attached drawings, in which
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- figure 1 1s a diagrammatic representation of an eye-lens system according to the invention;

- figure 2 shows a top view of binocular vision of a point of the grid

- figures 3 to 6 show values of the mean sphere on the aspherical surface of several lenses;

- figures 7 to 9 show values of the binocularity parameter of the invention, for several pairs

of spectacle lenses. .

The invention proposes to improve the behaviour of the lenses in peripheral vision, for
lenses which already have good foveal monocular or binocular vision on at least the principal
line of sight or principal meridian.

The invention proposes taking into account, for defining ophthalmic spectacle lenses, a
binocularity parameter which is defined for a given fixation point. This fixation point may be
any point in the object space, since its only function 1s to allow the pupils to rest in a fixed
position. For one point in the object space, the binocularity parameter 1s defined as the
difference in mean sphere on the aspherical surfaces of the lenses between points of the
surfaces corresponding to rays originating from both pupil centers and directed towards said
point. Over the aspherical surface lens, that is for the whole vision field, the invention
teaches that this difference should be as small as possible.

The invention also gives an upper limit or maximum value for this difference; when the
difference lies below this limit for all points of the aspherical surface of the lens, or for the
different peripheral directions, acceptable binocular vision i1s ensured for the whole field ot
vision of the lens, and the wearer of the spectacle lenses benefits from correct dynamic vision.

The maximum value depends on the addition (A). The maximum value 1s an increasing
function of the addition (A). The maximum value of the binocularity parameter depends on
the addition (A). to ensure an acceptable binocular vision over the aspherical surface of the
lens, that is for the whole field of vision.

The rest of the present description discloses a preferred embodiment of the invention,
where a grid is used for assessing the difference in mean sphere between the right and left
lenses of a pair of spectacle lenses. Figure 1 is a diagrammatic representation of an eye-lens
system according to the invention, showing the grid.

On figure 1 is shown the right eye 1, the spectacle lens 2 for the right eye and the grid
used for the definition of the lenses according to the invention. Figure 1 shows a set of
Cartesian coordinates (O, x. y, z), the origin of which is point O, defined as follows. The
origin O is the center of the rear surface of the right lens. It 1s located in the horizontal plane
containing the center of rotation of the right eye, at a distance d of 27 mm from the center of
rotation of the right eye. This distance d corresponds to the mean distance between the center
of rotation of the eyes and their respective spectacle lenses, so that the center of each of the
spectacle lens is in the (x, y) plane. The distance between the lenses is chosen identical to the

mean distance between the pupils of the left and right eyes, that is at a value of 65 mm.
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The x-axis 1s directed from the lens to the eyes; the y-axis is vertical, and the z-axis is
horizontal and directed from the right to the left.

In the set of coordinates thus defined:

- the center of the left eye 1s set at the coordinates (d, 0, 65 mm);
- the center of the right eye 1s set at the coordinates (d, 0. 0 mm):

- the center of the surface of the left spectacle lens facing the wearer i1s at the
coordinates (0, 0. 65 mm); and

- the center of the surtace of the right spectacle lens facing the wearer is at the
coordinates (0, 0, 0 mm), by definition of the origin.

In this set of coordinates, the invention proposes to use a vertical grid, the center of
which 1s at a point G set at the coordinates (- 800; 0; 32.5), in mm. In other words, the grid 1s
at a distance of the surface of the spectacle facing the wearer of 80 cm, and 1s located 1n front
of the wearer of the spectacie lenses. in the sagittal plane, in the horizontal direction of sight.

In the gnd, a set (G, u, v) of coordinates 1s defined as follows. The u-axis is parallel to
the z-axis defined above and the v-axis is parallel to the y-axis.

In the drawing of figure 1, the eye 1s directed so as to look at a given point F, the
coordinates of which are (-800; - 500; 32.5), or (0, - 500) 1n the set of coordinates in the gnd.
The choice of this point F is representative of the position of the pupil. The exact choice of
this point 1s not particularly essential for the invention, and the results of the invention are
achieved for different choices of the point in the object space toward which the eye 1is
directed.

Figure 2 shows a top view of binocular vision to a point of the grid. Figure 2 shows the
orid 5 - that constitutes an object plane in this case, and a point M 1n this object plane. It also
shows the right and left spectacle lenses 6 and 7, as well as the pupils 8 and 9 of the right and
left eyes. The sagittal plane is symbolised on figure 2 by the horizontal line passing through
point F of the grid. The points CROD and CROG are the center of rotation of the right and
left eyes. The point marked CRT 1s the center of rotation of the head.

Figure 2 shows rays originating from point F, and rays originating from the point M,
outside of the sagittal plane. The rays originating from point F pass near the center of the
lenses, and through the center of the pupil of each eye. They are not exactly parallel, and
form corresponding images on the retina, which are normally combined for ensuring
binocular vision. -

Due to the presence of spectacle lenses, rays originating from the point M are bent when
passing through the spectacle lenses; they pass through the center of the pupil of the
respective eye and reach the retina of the right and left eyes in positions which may not be
combined to ensure binocular vision. The interrupted line going from the right lens to the

point M10D is representative of the position in the object plane where the right eye of the
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wearer sees the object point M. Similarly, the point M10G 1s the point where the left eye sees
the point M. ‘

In order to ensure binocular vision, that 1s combination of the images in the right and
left eye of a given point M nto a single image, the invention suggests considering the

difference in mean sphere between the points Mp and Mg of the aspherical surface of the

lenses, where rays originating from the object point M impinges on the aspherical surface of
the lenses.

The invention suggests setting an upper limit for this difference, for a set of points n
the object space. This limit varies with the addition A to ensure good binocular vision, not
only 1n static viston, but also in dynamic vision.

In other words, for a given point M 1n the object space, the invention suggests
considering the rays originating from M and going to the center ot the pupils of the right and
left eyes, and determining the difference of mean sphere at the points of intersection of these
rays with the aspherical surface of the lens. These two points of intersection are actually the
points of the aspherical surface of the right and left lens through which the wearer sees said
point M, in his perifoveal visual field.

Turning back to the example of the grid represented in figure 1. it 1s possible to consider
a orid having a size of 3000 x 3000 mm; as for the set of points, 1t 1s sufficient to consider a
set of 21 x 21 points, that is to consider 21 possible values of the each of the coordinates u
and v. A different number of points, or a different distribution of the points does not change
the results of the invention. This size of the grid, and the choice of the point toward which the
eye is directed is sufficient in the examples to ensure that most peripheral directions for a lens
of 50 mm radius are covered. I[n other words, the binocularity parameter may be calculated
for a set of points distributed in the perifoveal visual field of the wearer of the lenses, or
distributed over the surface ot each lens.

The difference in mean sphere may then be calculated for each of these points 1n the
object space. Results of these calculations are shown and discussed below. In the example
discussed in relation to figures 1 and 2, the invention suggests using a fixed direction of sight
- that is a fixed position of the pupil, and further suggests selecting a set of points in the
object space and calculating the difference in mean sphere for this fixed position of the eye.
This ensures that the limitation to the mean sphere difference 1s indeed representative of the
quality of dynamic vision.

Figures 3 to 6 show the values of the mean sphere on the aspherical surface of the lens,
for each point of the grid; more specifically, figures 3 to 6 show lines of points of the grid for
which value of the mean sphere on the aspherical surface is the same. The horizontal axis
shows in mm the position of each point along the z-axis, while the vertical axis shows in mm

the position of each point along the y-axis. Figures 3 and 4 correspond respectively to the left
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and right eyes, for a lens of the prior art. Figures 5 and 6 correspond respectively to the left

and right eyes, for a lens according to the invention. The lenses of figures 3 to 6 have an

addition of one diopter.

ﬁ

Figures 3 to 0 essentially show that the values for the left and right eyes are
symmetrical; this 1s not surprising masmuch as the lenses of the figures are symmetrical, a
lens for the left eye being the image of a lens for the right eye with respect to the sagittal
plane.

In other words, the limitation according to the invention of the difference between the
mean sphere of the right and left lenses also causes an overall limitation of the absolute value
of the mean sphere gradient of each lens.

Figures 7 to 9 show different values of the mean sphere difference for several lenses.
The coordinates on the horizontal and vertical axis are the same as those of figures 3 to 6.

These figures show the lines formed of points having the same relative value of the difference

in mean sphere; more specifically, for a given pomt M of the gnid, the rays to the right and
left eyes through the right and left spectacle lenses are calculated. This provides values Sp

and Sg of the mean sphere on the aspherical surface of the lens, at the point of intersection
with the rays originating from point M.

The figures show a plot of the relative sphere difference AS, also called here

binocularity parameter, defined by the formula:
AS = 100 ><§-'3-;—S-9-: ]OOx-——S—Q-:-S-g——

S (S, +Sg)/ 2
where S is the half sum of the values Sp and Sg of the mean sphere for the right and

left spectacle lenses. All figures are plotted for points of the grid corresponding to a spectacle
lens having a diameter of 50 mm, centered on the looking point F.

Figure 7 shows the relative values of the mean sphere difference for a lens of the prior
art having an addition of one diopter. The peak to valley value of the binocularity parameter
AS, that 1s the difference between the highest and the lowest value of AS over the lens 1s 6.49.

Figure 8 shows the relative values, for a first embodiment of a lens according to the

invention, that also has an addition of one diopter. In this case, the peak to valley value
amounts to 3.01.

Figure 9 shows a view of a second embodiment of a lens according to the invention.
The peak to valley value reaches 3.28 on the lens.

Figures 7-9 are essentially symmetrical with respect to a vertical line. This 1s due to the
definition of AS; AS is calculated for a looking point F of the grid in the sagittal plane, the
right and left lenses being symmetrical with respect to the sagittal plane. Thus, AS is equal to

zero for points of the object space in the sagittal plane. The diagrams of figures 8 and 9 do

not show high values of the difference AS, contrary to the one of figure 7.
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For an addition of two diop-ters. a peak to valley of 8 is appropniate.

The limitation of the invention on the mean sphere difference between pairs of points
on the aspherical surface associated with the same point in the object space may be calculated
for a pair of lenses, as explained above. This limitation depends on the addition A. As
discussed above, it is is an increasing function of the addition (A).

Preferably, the maximum value for the mean sphere difference 1s within 30% of a

function f of the addition. which may be written

f(A) = 5.9xA - 2.35

Where the right and left lenses are chosen to be symmetrical with respect to the sagittal
plane, one point on the nasal side of a lens is the image of a point of the temporal side of the
lens in the symmetry with respect to the sagittal plane.

The lenses of the invention may be defined using a theoretical wearer of the spectacles,
having optometric parameters - distance between the eyes, position of the spectacle lenses,
etc. - corresponding to the mean values of these parameters among possible wearers of the
lens. Such parameters are known to the person skilled in the art.

The invention may be used for defining spectacle lenses, using optimisation processes
known per se. As known per se, the surface of the lenses is continuous and continually
derivable three times. The surface of progressive lenses may be obtained by digital
optimization using a computer, setting limiting conditions for a certain number of lens
parameters. The invention suggests to use as one of the limiting conditions the maximum
value of the difference AS.

It should be understood that the grid system described above is but a solution for
defining pairs of points on the aspherical surfaces of lenses, which correspond to a given
point in the object space. One could use different points in the object space for defining pairs
of points; the tests and experiments conducted by the applicant have shown that the choice of
the set of points in the object space did not change the results of the invention; the set of
points should only be representative of the area of the object field for which dynamic vision
and binocularity is to be achieved. The looking point or fixation point F could also be -
different from the one selected in the preferred embodiment

[n the example of figure 2, the aspherical surface of the lens is directed away from the
wearer, so that the mean sphere difference is measured for points of the outer surface of the
lenses. The invention may as well be carried out for lenses where the aspherical surface 1s the

surface facing the wearer.
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What is claimed is:

1. A pair of progressive ophthalmic spectacle lenses, each lens having an
aspherical surface with a far vision zone, an intermediate vision zone and a near
vision zone, and good monocular and binocular foveal vision along a principal

meridian, each point M of the aspherical surface having a mean sphere defined by the

formula:

where R; and R, are maximum and minimum radii of curvature expressed in meters,

and n 1s the refractive index of the lens material,

where the aspherical surface of each lens has an addition defined as the difference in
mean sphere between a reference point of the near vision zone and a reference point

of the far vision zone, the addition of the aspherical surface of each lens being one

diopter or less,

wherein for a given direction of sight for a point in the object space a binocularity
parameter 1S defined as the relative difference AS of the mean sphere for points on the
aspherical surface of the right and left lenses through which a wearer sees said point,

the relative differences AS being defined by the formula:

SD "SG

AS =100 x
(S, +S;)/2

where Sp and Sg are values of mean sphere at said points on the aspherical surface of

the right and left lenses through which the wearer sees said point, and

R:\Brevets\15500015565CA071108-REV LO2.DOC 08/11/2007 2:03
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wherein the absolute value of the peak to valley value of the binocularity parameter,

defined as the difference between the largest value and the smallest value of the

binocularity parameter on one side of the sagittal plane, 1s about 3.28 or less.

2. The pair of spectacle lenses defined in Claim 1, wherein the object space s

sampled on a vertical plane.

3. The pair of spectacle lenses defined in Claim 2, wherein the vertical plane 1s

spaced about 80 cm from the lenses

4. The pair of spectacle lenses defined in any one of claims 1-3, wherein the

object space includes points distributed in the perifoveal visual field of the wearer.

5. The pair of spectacle lenses defined in any one of Claims 1-4, wherein said
given direction of sight corresponds to an object point in front of the wearer, at a

distance of about 80 cm, and about 50 cm lower than the eyes of the wearer.

6. The pair of spectacle lenses defined in any one of Claims 1-5, wherein the

peak to valley value is in the range of about 3.01 to about 3.28.

7. The pair of spectacle lenses defined in any one of Claims 1-6, wherein each

lens has an addition of one diopter.

8. A pair of progressive ophthalmic spectacle lenses, each lens having an

aspherical surface with a far vision zone, an intermediate vision zone and a near

vision zone, and good monocular and binocular foveal vision along a principal

meridian, each point M of the aspherical surface having a mean sphere defined by the

formula:

R:ABrevets\15500015565CA071108-REV L.O2.DOC 08/11/2007 2.03
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where R; and R; are maximum and minimum radi of curvature expressed in meters,

and n is the refractive index of the lens material,

where the aspherical surface of each lens has an addition defined as the difference in
mean sphere between a reference point of the near vision zone and a reference point
of the far vision zone, the addition of the aspherical surface of each lens being two

diopters,

wherein for a given direction of sight for a point in the object space, a binocularity
parameter is defined as the relative difference AS of the mean sphere for points on the
aspherical surface of the right and left lenses through which a wearer sees said point,

the relative differences AS being defined by the formula:

AS =100 x Sp~Sg
(S, +S.)/2

where Sp and Sg are values of mean sphere at said points on the aspherical surface of

the right and left lenses through which the wearer sees said point, and

wherein the absolute value of the peak to valley value of the binocularity parameter,
defined as the difference between the largest value and the smallest value of the

binocularity parameter on one side of the sagittal plane, 1s about 8 or less.

9. The pair of spectacle lenses defined in Claim 8, wherein the object space is

sampled on a vertical plane.

10.  The pair of spectacle lenses defined in Claim 9, wherein the vertical plane is

spaced about 80 cm from the lenses.

11.  The pair of spectacle lenses defined in any one of Claims 8-10, wherein the

object space includes points distributed in the perifoveal visual field of the wearer.

R:\Brevets\15500\15565CAQ71108-REV LO2.DOC 08/11/2007 2:03
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12.  The pair of spectacle lenses defined in any one of Claims 8-11, wherein said
given direction of sight corresponds to an object point 1n front of the wearer, at a

distance of about 80 cm, and about 50 cm lower than the eyes of the wearer.

13. A method of manufacturing a pair of progressive ophthalmic spectacle lenses,

each lens having an aspherical surface with a far vision zone, an intermediate vision

zone and a near vision zone, said method comprising:

in the design of the surfaces of the lenses, utilizing as a limiting condition a maximum
value for an absolute value of the difference between a binocularity parameter for any
two points in a set of points in the object space, the binocularity parameter being
defined for a given direction of sight by a relative difference AS of the mean sphere

for points on the aspherical surface of the right and left lenses through which a wearer

sees a point in the object space,

wherein the relative differences AS is defined by the formula:

AS =100 x Sp =S¢
(Sp +S.)/2

where Sp and Sg are values of mean sphere at said points on the aspherical surface of

the right and left lenses through which the wearer sees said point.

14.  The method defined in Claim 13, wherein the set of points in the object space

are chosen so that the wearer views the points of the set through points distributed

over the aspherical surface of each lens.

15.  The method defined in any one of Claims 13-14, wherein the set of points in

the object space are distributed over the perifoveal visual field of the wearer.

16. The method defined in any one of Claims 13-15, wherein the aspherical

surface of each lens has an addition defined as the difference in mean sphere between
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a reference point of the near vision zone and a reference point of the far vision zone,
and the method further comprises
setting said maximum value within 30% of a function f of the addition, with

f(A) = 5.9xA - 2.35,

where A is the addition of the aspherical surface of the lens.
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