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(57) ABSTRACT 
Disclosed is a progressive ophthalmic lens including a front 
Surface and a rear Surface, each surface having in each point 
an altitude, a mean sphere value and a cylinder value, the 
front Surface of the lens including: —a far vision Zone 
having a far vision reference point; —a near vision Zone 
having a near vision reference point; —a main meridian, 
wherein the front Surface is regressive and has: -a sphere 
gradient normalized value of less than 7.50-10 mm at 
any point in a central portion of the lens including a portion 
of the main meridian (32), the far vision reference point 
(FV) and the near vision reference point (NV); —a cylinder 
gradient normalized value of less than 1.45 mm at any 
point in the central portion of the lens. 

18 Claims, 80 Drawing Sheets 
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1. 

PROGRESSIVE OPHTHALMC LENS 

FIELD OF THE INVENTION 

The invention relates to a progressive ophthalmic lens. 
The invention also relates to a semi-finished lens blank 
having a first aspherical Surface and a second unfinished 
surface that is intended to be further machined to form a 
progressive ophthalmic lens. The invention also relates to a 
method for manufacturing Such a progressive ophthalmic 
lens and Such a semi-finished lens blank. 

BACKGROUND OF THE INVENTION 

A wearer may be prescribed a positive or negative optical 
power correction. The ophthalmic prescription can include a 
power and/or an astigmatism prescription. For presbyopic 
wearers, the value of the power correction is different for far 
vision and near vision, due to the difficulties of accommo 
dation in near vision. The prescription thus comprises a 
far-vision power value and an addition representing the 
power increment between far vision and near vision. The 
addition is qualified as prescribed addition. Ophthalmic 
lenses Suitable for presbyopic wearers are multifocal lenses, 
the most suitable being progressive multifocal lenses. 

The ophthalmic prescription can include an astigmatism 
prescription. Such a prescription is produced by the oph 
thalmologist in the form of a pair formed by an axis value 
(in degrees) and an amplitude value (in diopters). The 
amplitude value represents the difference between minimal 
and maximal power in a given direction which enables to 
correct the visual defect of a wearer. According to the chosen 
convention, the axis represents the orientation of one of two 
powers with relation to a reference axis and in the sense of 
rotation chosen. Usually, the TABO convention is used. In 
this convention, the reference axis is horizontal and the 
sense of rotation is anticlockwise for each eye, when looking 
to the wearer. An axis value of +45° therefore represents an 
axis oriented obliquely, which when looking to the wearer, 
extends from the quadrant located up on the right to the 
quadrant located down on the left. Such an astigmatism 
prescription is measured on the wearer looking in far vision. 
The term <astigmatism) is used to designate the pair 
(amplitude, angle); despite this use not being strictly correct, 
this term is also used to refer to the amplitude of the 
astigmatism. The person skilled in the art can understand 
from the context which meaning is to be considered. It is 
also known for the person skilled in the art that the pre 
scribed power and astigmatism of a wearer are usually called 
sphere SPH, cylinder CYL and axis. 
To obtain a progressive ophthalmic lens corresponding to 

a wearer prescription, a semi-finished ophthalmic lens blank 
can be provided by a lens manufacturer. Generally, a semi 
finished ophthalmic lens blank comprises a first Surface 
corresponding to an optical reference surface, for example a 
progressive Surface in the case of traditional progressive 
addition lenses, and a second unfinished Surface. A semi 
finished lens blank having Suitable optical characteristics is 
selected based on the wearer prescription and the unfinished 
Surface is machined and polished by a prescription labora 
tory So as to obtain a lens complying with the prescription. 
The semi-finished lens blank may be produced by molding 
or by digital Surfacing. The unfinished Surface can be 
machined by digital Surfacing. 
A progressive ophthalmic lens may also be obtained by 

directly machining both Surfaces using digital Surfacing 
equipments. A row lens blank is provided; a first aspheric 
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2 
Surface is machined and a second aspheric Surface is 
machined, the second aspheric Surface being determined by 
optical optimization based on data relative to the first 
aspheric Surface and on data relative to the wearer. An 
ophthalmic lens complying with the prescription is thus 
obtained. 

Whatever technology is used—starting from a semi 
finished lens blank or machining both surfaces by digital 
Surfacing—accurate positioning of the lens on the digital 
Surfacing machine is required to ensure that the optical 
characteristics of the lens are fulfilled. 
WO-A-2010/072749 discloses a method of manufactur 

ing an ophthalmic lens by digital Surfacing and identifies the 
issue of accurate positioning of the lens member on a 
blocker. 

SUMMARY OF THE INVENTION 

The invention aims to facilitate manufacturing of a pro 
gressive ophthalmic lens while maintaining the optical qual 
ity of the lens. 

This object is achieved with a progressive ophthalmic lens 
comprising a front Surface and a rear Surface, each Surface 
having in each point an altitude, a mean sphere value and a 
cylinder value, the front Surface of the lens comprising: 

a far vision Zone having a far vision reference point; 
a near vision Zone having a near vision reference point; 
a main meridian, 
wherein the front Surface is regressive and has: 
a sphere gradient normalized value of less than 7.50-10' 
mm at any point in a central portion of the lens 
including a portion of the main meridian, the far vision 
reference point and the near vision reference point; 

a cylinder gradient normalized value of less than 1.45 
mm at any point in the central portion of the lens. 

According to an embodiment, the front Surface of the lens 
further has a fourth derivative with respect to altitude 
normalized value of less than 5.0-10 mm diopter' at any 
point in the central portion of the lens. 
The object of the invention is also achieved with a 

progressive ophthalmic lens comprising a front Surface and 
a rear Surface, each Surface having in each point an altitude, 
a mean sphere value and a cylinder value, the front Surface 
of the lens comprising: 

a far vision Zone having a far vision reference point; 
a near vision Zone having a near vision reference point; 
a main meridian, 
wherein the front surface is regressive and has a fourth 

derivative with respect to altitude normalized value of less 
than 5.0-10 mm diopter' at any point in a central por 
tion of the lens including a portion of the main meridian, the 
far vision reference point and the near vision reference point. 

According to an embodiment, at least one surface of the 
lens comprises two micro-markings and a central point 
located at the center of a segment linking the two micro 
markings, the central portion of the lens being a circle of 40 
mm diameter centered on the central point. 
The object of the invention is also achieved with a 

semi-finished spectacle lens blank having a first regressive 
Surface and a second unfinished Surface, the first regressive 
Surface having in each point an altitude, a mean sphere value 
and a cylinder value, wherein the first regressive Surface 
comprises a far vision Zone having a far vision reference 
point, a near vision Zone having a near vision reference 
point, a main meridian, and wherein the first regressive 
surface has a fourth derivative with respect to altitude 
normalized value of less than 5.0-10 mm diopter' at any 
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point in at least a central portion of the blank including a 
portion of the main meridian, the far vision reference point 
and the near vision reference point. 

According to an embodiment, the first regressive surface 
further has: 

a sphere gradient normalized value of less than 7.50-10' 
mm at any point in the central portion; and 

a cylinder gradient normalized value of less than 1.45 
mm at any point in the central portion. 

The object of the invention is also achieved with a 
semi-finished spectacle lens blank having a first regressive 
Surface and a second unfinished Surface, the first regressive 
Surface having in each point an altitude, a mean sphere value 
and a cylinder value, wherein the first regressive Surface 
comprises a far vision Zone having a far vision reference 
point, a near vision Zone having a near vision reference 
point, a main meridian, and wherein the first regressive 
Surface has: 

a sphere gradient normalized value of less than 7.50-10' 
mm at any point in a central portion including a 
portion of the main meridian, the far vision reference 
point and the near vision reference point; and 

a cylinder gradient normalized value of less than 1.45 
mm at any point in the central portion. 

According to an embodiment, the blank has markings 
defining a position of a central point of the blank, the central 
portion of the blank being a circle of 40 mm diameter 
centered on the central point. 
The invention also relates to a method for manufacturing 

semi-finished lens blank, comprising the steps of: 
defining a first Surface and a second unfinished Surface, 

the first Surface having in each point an altitude, a mean 
sphere value and a cylinder value; 

defining a far vision Zone having a far vision reference 
point, a near visions Zone having a near vision refer 
ence point, a main meridian and a central portion of the 
first Surface including a portion of the main meridian, 
the far vision reference point and the near vision 
reference point; 

determining the first Surface having: 
a regression of the mean sphere value between at least 

a portion of the far vision Zone and at least a portion 
of the near visions Zone; and 

a fourth derivative with respect to altitude normalized 
value of less than 5.010 at any point in the central 
portion; 

Surfacing or molding the first Surface. 
The invention further relates to a method for manufac 

turing semi-finished lens blank, comprising the steps of: 
defining a first Surface and a second unfinished Surface, 

the first Surface having in each point an altitude, a mean 
sphere value and a cylinder value; 

defining a far vision Zone having a far vision reference 
point, a near visions Zone having a near vision refer 
ence point, a main meridian and a central point of the 
first Surface including a portion of the main meridian, 
the far vision reference point and the near vision 
reference point; 

determining the first Surface having: 
a regression of the mean sphere value between at least 

a portion of the far vision Zone and at least a portion 
of the near visions Zone; and 

a sphere gradient normalized value of less than 
7.50-10 mm at any point in the central portion; 
and 
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4 
a cylinder gradient normalized value of less than 1.45 
mm at any point in the central portion; 

Surfacing or molding the first Surface. 
The invention further relates to a method for manufac 

turing a progressive ophthalmic lens, comprising the steps 
of: 

providing data relative to a wearer, 
selecting a semi-finished lens blank according to the 

invention; 
carrying out an optical optimization of the lens based on 

the data relative to the wearer and on data relative to the 
first regressive surface of the blank, 

providing the selected semi-finished lens blank and Sur 
facing or molding the unfinished Surface of the blank 
according to the result of the optical optimization. 

The invention further relates to a method for manufac 
turing a progressive ophthalmic lens, comprising the steps 
of: 

providing data relative to a wearer, 
defining far vision Zone having a far vision reference 

point, a near vision Zone having a near vision reference 
point, a main meridian, 

defining a first Surface of the lens having: 
a regression of the mean sphere value between at least 

a portion of the far vision Zone and at least a portion 
of the near visions Zone; 

a sphere gradient normalized value of less than 
7.50-10 mm at any point in a central portion of 
the lens including a portion of the main meridian, the 
far vision reference point and the near vision refer 
ence point; 

a cylinder gradient normalized value of less than 1.45 
mm at any point in the central portion of the lens; 

carrying out an optical optimization of the lens based on 
the data relative to the wearer and on data relative to the 
first surface of the lens; 

determining a second Surface of the lens according to the 
result of the optical optimization; 

Surfacing or molding the first and second Surfaces. 
The invention also relates to a method for manufacturing 

a progressive ophthalmic lens, comprising the steps of 
providing data relative to a wearer, 
defining far vision Zone having a far vision reference 

point, a near vision Zone having a near vision reference 
point, a main meridian, 

defining a first Surface of the lens having: 
a regression of the mean sphere value between at least 

a portion of the far vision Zone and at least a portion 
of the near visions Zone; 

a fourth derivative with respect to altitude normalized 
value of less than 5.010 at any point in a central 
portion of the lens including a portion of the main 
meridian, the far vision reference point and the near 
vision reference point; 

carrying out an optical optimization of the lens based on 
the data relative to the wearer and on data relative to the 
first surface of the lens; 

determining a second Surface of the lens according to the 
result of the optical optimization; 

Surfacing or molding the first and second Surfaces. 
The invention also relates to a set of apparatuses for 

manufacturing a progressive ophthalmic lens and/or a semi 
finished lens blank, wherein the apparatuses are adapted to 
carry out steps of the method according to the invention. 
The invention further relates to a computer program 

product comprising one or more stored sequence of instruc 
tion that is accessible to a processor and which, when 
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executed by the processor, causes the processor to carry out 
the steps of the method according to the invention. The 
invention also relates to a computer readable medium car 
rying out one or more sequences of instructions of the 
computer program product of the invention. 5 
The far vision reference point (resp. the near vision 

reference point) can be, for example, a control point. More 
generally, the far vision reference point (resp. the near vision 
reference point) can be any other point of the front surface 
in the far vision Zone (resp. in the near vision Zone). 
AS Variations of sphere and cylinder (also called gradients 

of sphere and gradients of cylinder) and/or acceleration of 
the sphere and cylinder variations are controlled on the front 
Surface of the progressive ophthalmic lens according to the 
invention, it is thus possible to ensure an enhanced technical 15 
feasibility of the machining with a digital Surfacing machine 
of the rear Surface while maintaining the optical quality of 
the lens. 

Further features and advantages of the invention will 
appear from the following description of embodiments of 20 
the invention, given as non-limiting examples, with refer 
ence to the accompanying drawings listed hereunder. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 

FIGS. 1 to 5 are a graph of mean sphere along the 
meridian, a map of mean sphere, a map of cylinder, a map 
of sphere gradient and a map of cylinder gradient respec 
tively of a front surface of a semi-finished lens blank, 
according to a first comparative example; 

FIGS. 6 to 10 are a graph of mean sphere along the 
meridian, a map of mean sphere, a map of cylinder, a map 
of sphere gradient and a map of cylinder gradient respec 
tively of a front surface of a semi-finished lens blank, 
according to a second comparative example; 

FIGS. 11 to 15 are a graph of mean sphere along the 
meridian, a map of mean sphere, a map of cylinder, a map 
of sphere gradient and a map of cylinder gradient respec 
tively of a front surface of a semi-finished lens blank, 
according to a first embodiment of the invention; 

FIGS. 16 to 20 are a graph of mean sphere along the 
meridian, a map of mean sphere, a map of cylinder, a map 
of sphere gradient and a map of cylinder gradient respec 
tively of a front surface of a semi-finished lens blank, 
according to a second embodiment of the invention; 

FIGS. 21 to 25 are a graph of mean sphere along the 
meridian, a map of mean sphere, a map of cylinder, a map 
of sphere gradient and a map of cylinder gradient respec 
tively of a front surface of a semi-finished lens blank, 
according to a third embodiment of the invention; 

FIGS. 26 to 40 give optical analyses of the nominal 
performances of the lenses considered; 

FIGS. 41 to 45 are a graph of mean sphere along the 
meridian, a map of mean sphere, a map of cylinder, a map 
of sphere gradient and a map of cylinder gradient respec 
tively of a rear surface when the semi-finished lens blank of 
FIGS. 1 to 5 is used; 

FIGS. 46 to 50 are a graph of mean sphere along the 
meridian, a map of mean sphere, a map of cylinder, a map 
of sphere gradient and a map of cylinder gradient respec- 60 
tively of a rear surface when the semi-finished lens blank of 
FIGS. 6 to 10 is used; 

FIGS. 51 to 55 are a graph of mean sphere along the 
meridian, a map of mean sphere, a map of cylinder, a map 
of sphere gradient and a map of cylinder gradient respec- 65 
tively of a rear surface when the semi-finished lens blank of 
FIGS. 11 to 15 is used; 
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FIGS. 56 to 60 are a graph of mean sphere along the 

meridian, a map of mean sphere, a map of cylinder, a map 
of sphere gradient and a map of cylinder gradient respec 
tively of a rear surface when the semi-finished lens blank of 
FIGS. 16 to 20 is used; 

FIGS. 61 to 65 are a graph of mean sphere along the 
meridian, a map of mean sphere, a map of cylinder, a map 
of sphere gradient and a map of cylinder gradient respec 
tively of a rear surface when the semi-finished lens blank of 
FIGS. 21 to 25 is used; 

FIGS. 66 to 68 give optical analysis of the performances 
of the lens according to the first comparative example when 
positioning defect occurs; 

FIGS. 69 to 71 give optical analysis of the performances 
of the lens according to the third embodiment of the inven 
tion when positioning defect occurs; 

FIGS. 72 to 77 compare the optical analysis of the 
nominal performances and the optical analysis of the per 
formances when positioning defects occurs; 

FIG. 78 is a graph showing the maximal deviation from 
nominal performances for each lens considered; 

FIGS. 79 and 80 show referential defined with respect to 
micro-markings, for a Surface bearing micro-markings and 
for a surface not bearing the micro-markings respectively; 

FIG. 81 is a schematic illustration of a multifocal pro 
gressive lens; 

FIG. 82 is a perspective view of a lens blank to be 
positioned on a blocker, 

FIG. 83 is a flowchart of the steps of a method of 
manufacturing a lens according to the invention. 

It can be appreciated that elements in the figures are 
illustrated for simplicity and clarity and have not necessarily 
been drawn to scale. For example, the dimensions of some 
of the elements in the figures may be exaggerated relative to 
other elements to help improve the understanding of the 
embodiments of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

A progressive lens comprises two non-rotationally sym 
metrical aspheric Surfaces, for instance but not limited to, 
progressive surface, regressive surface, toric or atoric Sur 
faces. 
As is known, each point of an aspherical Surface has an 

altitude Z. For each point of the Surface, a minimum curva 
ture CURV, is given by the formula: 

1 
CURVn = 

where R is the local maximum radius of curvature, 
expressed in meters and CURV is expressed in dioptres. 

Similarly, a maximum curvature CURV can be defined 
at any point on an aspherical Surface by the formula: 

CURW = - 
inin 

where R is the local minimum radius of curvature, 
expressed in meters and CURV is expressed in dioptres. 

It can be noticed that when the surface is locally spherical, 
the local minimum radius of curvature R and the local 
maximum radius of curvature R are the same and, 
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accordingly, the minimum and maximum curvatures CUR 
V, and CURV are also identical. 

From these expressions of the minimum and maximum 
curvatures CURV and CURV, the minimum and maxi 
mum spheres labelled SPH and SPH can be deduced 
according to the kind of Surface considered. 
When the surface considered is the object side surface— 

also called front Surface, the expressions are the following: 

SPH = (n - 1) : CURV = 
X 

and 

SPH = (n-1) CURV = 
inin 

where n is the index of the constituent material of the lens. 
If the surface considered is an eyeball side surface—also 

called rear Surface, the expressions are the following: 

1 
SPH = (1 - n): CURV, i = - 

and 

SPH = (1 - n): CURV = 
inin 

where n is the index of the constituent material of the lens. 
As is known, a mean sphere SPH at any point on an 

aspherical surface can also be defined by the formula: 
SPH/2(SPH+SPH) 

A cylinder CYL is also defined by the formula 
CYL-SPH-SPH. 

The characteristics of any complex face of the lens may 
be expressed by means of the local mean spheres and 
cylinders. A Surface can be considered as locally aspherical 
when the cylinder is at least 0.25 diopters. 

Whenever a lens is characterized by reference to one of its 
aspherical surfaces, a referential is defined with respect to 
micro-markings as illustrated in FIGS. 79 and 80, for a 
Surface bearing micro-markings and for a surface not bear 
ing the micro-markings respectively. 

Progressive lenses comprise micro-markings that have 
been made mandatory by a harmonized standard ISO 8990 
2. Temporary markings may also be applied on the Surface 
of the lens, indicating positions of control points on the lens, 
Such as a control point for far vision, a control point for near 
vision, a prism reference point and a fitting cross for 
instance. If the temporary markings are absents or have been 
erased, it is always possible to a skilled person to position 
the control points on the lens by using a mounting chart and 
the permanent micro-markings. The lens manufacturer has 
to guarantee prescription at the control points. 

The micro-markings also make it possible to define ref 
erential for both surfaces of the lens. 

FIG. 79 shows the referential for the surface bearing the 
micro-markings. The center of the surface (x=0, y=0) is the 
point of the surface at which the normal N to the surface 
intersect the center of the segment linking the two micro 
markings. MG is the collinear unitary vector defined by the 
two micro-markings. Vector Z of the referential is equal to 
the unitary normal (Z=N); vector Y of the referential is equal 
to the vector product of Z by MG; vector X of the referential 
is equal to the vector product of Y by Z. {X, Y, Z thereby 
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8 
form a direct orthonormal trihedral. The center of the 
referential is the center of the surface X=0 mm, y=0 mm. The 
X axis is the horizontal axis and the Y axis is the vertical 
axis. 

FIG. 80 shows the referential for the surface opposite to 
the Surface bearing the micro-markings. The center of this 
second surface (x=0, y=0) is the point at which the normal 
N intersecting the center of the segment linking the two 
micro-markings on the first Surface intersects the second 
surface. Referential of the second surface is constructed the 
same way as the referential of the first surface, i.e. vector Z 
is equal to the unitary normal of the second Surface; vector 
Y is equal to the vector product of Z by MG; vector X is 
equal to the vector product of Y by Z. As for the first surface, 
the X axis is the horizontal axis and the Y axis. The center 
of the referential of the surface is also X=0 mm, y=0 mm. 

Similarly, on a semi-finished lens blank, standard ISO 
10322-2 requires micro-markings to be applied. The center 
of the aspherical Surface of a semi-finished lens blank can 
therefore be determined as well as a referential as described 
above. 

Moreover, a progressive multifocal lens may also be 
defined by optical characteristics, taking into consideration 
the situation of the person wearing the lenses. Reference can 
be made to EP-A-0927 377, EP-A-O 990 939 or WO-A- 
2010/100528 for instance defining a lens with optical char 
acteristics. 
As known per se, it is possible to define a wearer optical 

power and astigmatism, in each viewing direction. 
Possible definitions of the optical power and the astigma 

tism of the lens, in the wearing conditions, can be calculated 
as explained in the article by B. Bourdoncle et al., entitled 
“Ray tracing through progressive ophthalmic lenses”, 1990 
International Lens Design Conference, D. T. Moore ed., 
Proc. Soc. Photo. Opt. Instrum. Eng. Wearing conditions 
may be calculated from a ray-tracing program, for a given 
lens. Further, the optical power and the astigmatism may be 
calculated so that the prescription is fulfilled for a wearer 
wearing his spectacles in the wearing conditions. Optical 
power and astigmatism can also be measured by a fronto 
focometer. 
The values in optic terms can be expressed for gaZe 

directions. Gaze directions are usually given by their degree 
of lowering and azimuth in a frame whose origin is the 
center of rotation of the eye. When the lens is mounted in 
front of the eye, a point called the fitting cross is placed 
before the pupil or before the eye rotation center Q" of the 
eye for a primary gaze direction. The primary gaze direction 
corresponds to the situation where a wearer is looking 
straight ahead. In the chosen frame, the fitting cross corre 
sponds thus to a lowering angle C. of 0° and an azimuth angle 
B of 0° whatever surface of the lens the fitting cross is 
positioned—rear Surface or front Surface. 

In the remainder of the description, terms like <up>. 
<bottom.>>, <horizontalD, <verticalled, <aboved, 
<belowd, or other words indicating relative position may 
be used. These terms are to be understood in the wearing 
conditions of the lens. Notably, the “upper part of the lens 
corresponds to a negative lowering angle C<0° and the 
“lower part of the lens corresponds to a positive lowering 
angle CD0. Similarly, the “upper part of the surface of a 
lens—or of a semi-finished lens blank—corresponds to a 
positive value along the y axis, and preferably to a value 
along the y axis Superior to the y value at the fitting cross 
and the “lower part of the surface of a lens—or of a 
semi-finished lens blank—corresponds to a negative value 
along the y axis in the frame as defined above with respect 
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to FIGS. 79 and 80, and preferably to a value along they axis 
inferior to the y value at the fitting cross. 
The visual field Zones seen through a lens are schemati 

cally illustrated in FIG. 81. The lens comprises a far vision 
Zone 26 located in the upper part of the lens, a near vision 
Zone 28 located in the lower part of the lens and an 
intermediate Zone 30 situated in the lower part of the lens 
between the far vision Zone 26 and the near vision Zone 28. 
The lens also has a main meridian 32 passing through the 
three Zones and defining a nasal side and a temporal side. 
Typically, the far vision Zone 26 includes a far vision control 
point FV and the near vision Zone 28 includes a near vision 
control point NV. When a surface of the lens is considered, 
the far vision Zone and the near vision Zone can be defined 
as the projection of the above defined Zones on the surface. 
When the surface of a lens or of a semi-finished lens blank 
is considered, the far vision Zone, respectively the near 
vision Zone, can be defined as the Zones that contribute to the 
far vision field Zone, respectively the near vision field Zone, 
when the lens is used. 

For the purpose of the invention, the meridian line 32 of 
a progressive lens is defined as follow: for each lowering of 
the view of an angle C. C. between the gaze direction 
corresponding to the fitting cross and a gaze direction being 
in the near vision Zone, the gaze direction (C., f) is 
searched for which the local residual astigmatism is mini 
mum. Thus, all the gaze directions defined in that way form 
the meridian line of the ergorama-eye-lens system. The 
meridian line of the lens represents the locus of mean gaZe 
directions of a wearer when he is looking from far to near 
visions. The meridian line 32 of a surface of the lens can be 
defined as follow: each gaze direction (C, B) belonging to the 
optical meridian line of the lens intersects the Surface in a 
point (x, y). The meridian line of the surface is the set of 
points corresponding to the gaze directions of the meridian 
line of the lens. The meridian line 32 of an aspheric surface 
of the lens—or of an aspheric Surface of a semi-finished lens 
blank may also be defined as follow: for each line y 
between the center of the referential of the surface (x=0 mm: 
y=0 mm) and the bottom of the surface, the point (x, y) is 
searched for which the local cylinder is minimum. 
As shown in FIG. 81, the meridian 32 separates the lens 

in a nasal area and a temporal area. As expected, the nasal 
area is the area of the lens which is between the meridian and 
the nose of the wearer whereas the temporal area is the area 
which is between the meridian and the temple of the wearer. 

The invention relies on a study by the applicant of the 
distortion. Notably, the applicant has established that a 
regressive front Surface improves optical distortion in 
peripheral vision on the final lens. The applicant has 
observed that the more regressive the front surface was, the 
better the distortion was compensated. 
By "regressive Surface' is meant a continuous aspheric 

Surface having a far vision Zone, a near vision Zone and a 
Zone of decreasing mean sphere value connecting the far 
vision and near vision Zones. By "progressive Surface' is 
meant a continuous aspheric Surface having a far vision 
Zone, a near vision Zone and a Zone of increasing mean 
sphere value connecting the far vision and near vision Zones. 
The “addition of a surface' may be defined as the mean 

sphere variation between the near vision reference point 
(NV) belonging to the near vision Zone and the far vision 
reference point (FV) belonging to the far vision Zone. 
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10 
Reference points can be for instance, but not limited to, 
control points. The addition of the surface can be expressed 
aS 

Add surface 

If Add surface >0, the Surface is a progressive surface; 
If Add.<0, the surface is a regressive surface. 
When the far vision reference point and the near vision 

reference point are selected in the far and the near vision 
Zones such that the absolute value of the addition of the 
surface is maximized, this addition value will be called the 
maximum addition value of the Surface. 
The regressive surface of the lens blank according to the 

invention has a mean sphere value in at least a portion of the 
far vision Zone that is more than the mean sphere value in at 
least a portion of the near vision Zone. 

However, when the front Surface is regressive, i.e. mean 
sphere value in at least a portion of the far vision Zone is 
more than the mean sphere value in at least a portion of the 
near vision Zone, the rear Surface must have an even stronger 
addition to obtain a positive power addition on the final lens. 
For a progressive lens suitable for a prescription of 2 
diopters of prescribed addition, should the front surface have 
a negative addition of about 3 diopters for instance, the rear 
surface should have a positive addition of about 5 diopters 
to ensure a positive power addition of about 2 diopters the 
lens. 

Such a strong sphere variation on the rear Surface will also 
induce a strong cylinder variation. Strong variations of 
sphere and cylinder increase complexity when machining 
the surface. 

Indeed, when machining a Surface of the lens, a grinding 
step is first performed wherein material is taken away from 
the Surface of the lens to bring the Surface as close as 
possible to the geometry requested to obtain the Surface 
characteristics sought. Then a polishing step is performed to 
obtain a transparent Surface while preserving the geometry 
obtained after grinding. 

During the grinding step, gradients of sphere and cylinder 
will impact the acceleration of the machining tool. The 
stronger the gradients are, the steeper the acceleration is, 
which can lead to degradation of the surface obtained after 
grinding and hence to optical performances degradations. 

During the polishing step, the gradients tend to be filtered. 
Whenever gradients values vary sharply, the polishing step 
will soften this variation, which can lead to degradation of 
the Surface obtained after polishing, notably along the 
meridian line. 

Moreover, high gradients of sphere and cylinder and 
strong variations of gradients render the Surfaces very sen 
sitive to positioning with respect to one another. Positioning 
errors between both Surfaces are caused by manufacturing 
process, for instance when the lens blank is positioned on a 
blocker of a digital Surfacing machine to create the second 
surface from the unfinished surface. 

FIG. 82 illustrates the positioning of a lens blank 10 in a 
reference frame of a lens blocking device 20 of a digital 
Surfacing machine. 
The reference frame of the lens blank 10 in the blocker 20 

can be defined by: 
translations T and T in a horizontal plane XY with 

values TT, defining the offset of the central point O 
of the lens blank along the X and Y directions respec 
tively in the horizontal plane; 

translation T2 along a vertical axis Z. 
orientation R of the lens blank about the vertical Z axis, 

ge 
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orientation R of the lens blank about the horizontal Y 
aX1S, 

orientation R of the lens blank about the horizontal X 
aX1S. 

An error in the positioning of the lens blank, i.e. a 
translation and/or rotation will lead to Surfacing a second 
surface with an offset with respect to the first surface and the 
optical performances of the final lens will not match the 
nominal performances (nominal performances being the 
theoretical performances of the lens considering no manu 
facturing errors). A method for compensating positioning 
error when manufacturing the lens is disclosed in WO-A- 
2010/072749. However, whenever a surface has a hard 
design, i.e. high gradients of sphere and cylinder and strong 
variations of gradients, even a slight error in positioning will 
result in stronger optical divergence between the optical 
performances of the lens and the nominal performances. 

Therefore, the invention proposes a semi-finished lens 
blank with a regressive surface having a very soft design. 
Such a soft design will ensure that gradients do not change 
too drastically. Thereby, when the unfinished surface of the 
blank will be machined to fulfill a target optical design and 
the wearer's prescription, the values and variations of gra 
dients of sphere and cylinder will also be better controlled. 
The invention also proposes a progressive lens with a 

front regressive Surface having a very soft design. In the 
following, detailed description is given with respect to a first 
regressive surface of a semi-finished lens blank. Still, the 
following description could be given in similar terms for the 
front regressive surface of a progressive lens. 
As explained before, an aspherical Surface may be locally 

defined by mean sphere and cylinder. 
Gradients of sphere and cylinder may also be defined. 

Gradient is defined conventionally as the vector the coordi 
nates of which along this axis are respectively equal to the 
partial derivatives of mean sphere (respectively cylinder) 
along this axis, and, although this is misuse of language, we 
call the norm of the gradient vector the gradient. i.e.: 

-} aSPHY2 SPHY2 GradSPH =|gradspH|= ( 8x ) +( dy ) 
-} a CYLY2 CYLY2 

GradCYL =|gradCYL = ( 8x +( dy 

Gradients of sphere and cylinder are representative of 
local variations in sphere and cylinder. Gradient of sphere is 
all the smaller as the addition of the surface is small or slow, 
i.e. is not sudden. Nevertheless, a progressive or regressive 
Surface necessary has a non Zero sphere gradient. 

Cylinder is representative of how much the local surface 
deviates from a spherical Surface. Variations in sphere lead 
of necessity to variations in cylinder, and cylinder cannot be 
nil over the whole lens surface. 
A fourth derivative with respect to altitude Z may also be 

defined in each point of the aspherical surface. Such a fourth 
derivative can be expressed as follow: 

d'z(x, y)) (d :(x, y)) 
-- -- (; ) +(i) 

(E y) | -- (E. 2) -- (E y) | dx?dy? dvdy dy 
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12 
The fourth derivative D is representative of the rapidity 

of change of the gradients values, i.e. acceleration of the 
sphere and cylinder variations. 
The invention proposes to control the value of the fourth 

derivative D, over the first surface of the lens blank. Such 
control will thus contribute to reduce significantly the pos 
sible degradation of the Surface during the polishing step 
when machining the second surface of the lens and also 
when machining this first Surface should digital Surfacing 
technique be used as explained in more detail below. 

This quantity is controlled, at least over a central portion 
of the first surface of the lens blank. This central portion 
includes a portion of the main meridian, a reference point in 
the far vision Zone and a reference point in the near vision 
Zone. The reference points can be the control points defined 
above, but any other reference points could be chosen. For 
instance, the value of D is controlled within a 40 mm 
diameter circle—ie within a 20 mm radius around the lens 
blank center; this amounts to excluding regions at the edge 
of a lens which are infrequently used by the lens wearer. 
Optical performances of the lens are typically considered 
within a central portion for directions of view comprised 
within a cone of +/-40° aperture centered on the center of 
rotation of the eye. The invention also proposes normalizing 
the value of the fourth derivative, to obtain a quantity which 
is not a function of the addition of the surface. The normal 
ization factor involves the addition value. 

Notably, the invention proposes to set a limit value to the 
fourth derivative D, when determining the regressive Sur 
face of the semi-finished lens blank. More specifically, the 
normalized value of the fourth derivative D is limited to 
5.0-10 mm diopter over at least the central portion of 
the lens blank and preferably is limited to 3.5-10 mm°-di 
opter of the blank. 
The maximum value of the fourth derivative D being 

located along the meridian line of the aspheric surface of the 
lens blank, the normalized value of the fourth derivative D. 
can be limited to 5.0-10 mm diopter'—and more pref 
erably limited to 3.5-10 mm diopter"—over a portion of 
the lens blank delimited by the meridian line +/-5 mm. 
However, the value of the fourth derivative D can not be nil 
over this central portion and a minimal value of 1.0-10 
mm diopter' is to be expected. The normalization factor 
is equal to the maximum value of the addition of the Surface. 
The invention also proposes to control the value of the 

sphere and cylinder gradients over the first surface of the 
lens blank. Such control will thus contribute to reduce 
significantly the possible degradation of the Surface during 
the grinding step when machining the second Surface of the 
lens, and also when machining this first Surface should 
digital Surfacing technique be used. 

Sphere and cylindergradients are controlled, at least over 
a central portion of the first surface of the lens blank. For 
instance, the sphere and cylinder gradients are controlled 
within the 40 mm diameter circle defined above. The sphere 
and cylinder gradients limit values can be normalized to 
obtain a quantity which is not a function of the addition of 
the surface. 

Notably, the invention proposes to set a limit value to the 
sphere gradient when determining the regressive Surface of 
the semi-finished lens blank. More specifically, the normal 
ized value of the sphere gradient is limited to 7.50-10' 
mm over at least the central portion of the lens blank and 
preferably is limited to 6.50-10 mm over the central 
portion of the blank. However, the value of the sphere 
gradient can not be nil over this central portion and a 
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minimal value of 1.0-10 mm is to be expected. The 
normalization factor is equal to the maximum value of the 
addition of the surface. 

Moreover, the invention also proposes to set a limit value 
to the cylinder gradient when determining the regressive 
surface of the semi-finished lens blank. More specifically, 
the normalized value of the cylinder gradient is limited to 
1.45 mm over at least the central portion of the lens blank 
and preferably is limited to 1.25 mm over the central 
portion of the blank. However, the value of the sphere 
gradient can not be nil over this central portion and a 
minimal value of 1.0-10° mm is to be expected. The 
normalization factor is equal to the maximum value of the 
addition of the surface. 

In the following, we shall use an orthonormal co-ordinate 
system in which the X-axis corresponds to the horizontal axis 
of the lens and the y-axis to the vertical axis; the center O 
of the reference frame is the geometric center of the surface 
of the lens blank as defined with respect to FIGS. 79 and 80. 
In the description which follows, the axes are graduated in 
millimeters. 

FIGS. 1 to 25 are illustrations of surfaces of semi-finished 
lens blanks, i.e. front surfaces of the final lenses. FIGS. 1 to 
5 and 6 to 10 are illustrations of surfaces according to 
comparative examples outside the scope of the invention and 
FIGS. 11 to 15 and 16 to 20 and 21 to 25 are illustrations of 
Surfaces according to three examples of the invention. In the 
following, reference will be made to Lens 1 and Lens 2 for 
the two comparative examples and reference will be made to 
Lens 3, Lens 4 and Lens 5 for the three examples of the 
invention. 
The five examples are given for a lens for a wearer whose 

prescription would be prescribed optical power in far vision 
of 0 diopter, prescribed astigmatism in far vision of 0 diopter 
and prescribed addition of 2.5 diopters for semi-finished lens 
blanks of 60 mm diameter. The mean sphere value at the far 
vision control point is 4.72 diopters. 

FIG. 1 is a graph of mean sphere variation relatively to the 
mean sphere value of the far vision control point along the 
meridian for the surface of the first comparative example. 
The X-axis is graduated in diopters and y-axis values in mm. 
The far vision control point has a X-axis value of 0 mm, a 
y-axis value of 8 mm on the Surface, and has a sphere of 4.72 
diopters and a cylinder of 0.02 diopters. The near vision 
control point has an X-axis value of 3 mm, a y-axis value of 
-14 mm on the Surface, and has a sphere of 2.20 diopters and 
a cylinder of 0.04 diopters. The nominal surface addition is 
-2.52 diopters, calculated as the difference between mean 
spheres at the control points. 

FIG. 6 is a graph of mean sphere variation relatively to the 
mean sphere value of the far vision control point along the 
meridian for the Surface of the second comparative example. 
The X-axis is graduated in diopters and y-axis values in mm. 
The far vision control point has an X-axis value of 0 mm, a 
y-axis value of 8 mm on the Surface, and has a sphere of 4.72 
diopters and a cylinder of 0.02 diopters. The near vision 
control point has an X-axis value of 3 mm, a y-axis value of 
-14 mm on the Surface, and has a sphere of 2.20 diopters and 
a cylinder of 0.06 diopters. The nominal surface addition is 
-2.52 diopters, calculated as the difference between mean 
spheres at the control points. 

FIG. 11 is a graph of mean sphere along the meridian for 
the Surface according to a first example of the invention. The 
X-axis is graduated in diopters and y-axis values in mm. The 
far vision control point has an X-axis value of 0 mm, a y-axis 
value of 8 mm on the surface, and has a sphere of 4.72 
diopters and a cylinder of 0.07 diopters. The near vision 
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control point has an X-axis value of 3 mm, a y-axis value of 
-14 mm on the Surface, and has a sphere of 2.20 diopters and 
a cylinder of 0.08 diopters. The nominal surface addition is 
-2.51 diopters, calculated as the difference between mean 
spheres at the control points. 

FIG. 16 is a graph of mean sphere along the meridian for 
the Surface according to a second example of the invention. 
The X-axis is graduated in diopters and y-axis values in mm. 
The far vision control point has an X-axis value of 0 mm, a 
y-axis value of 8 mm on the Surface, and has a sphere of 4.72 
diopters and a cylinder of 0.07 diopters. The near vision 
control point has an X-axis value of 3 mm, a y-axis value of 
-14 mm on the Surface, and has a sphere of 2.20 diopters and 
a cylinder of 0.08 diopters. The nominal surface addition is 
-2.51 diopters, calculated as the difference between mean 
spheres at the control points. 

FIG. 21 is a graph of mean sphere along the meridian for 
the Surface according to a third example of the invention. 
The X-axis is graduated in diopters and y-axis values in mm. 
The far vision control point has an X-axis value of 0 mm, a 
y-axis value of 8 mm on the surface, and has a sphere of 4.71 
diopters and a cylinder of 0-10 diopters. The near vision 
control point has an X-axis value of 3 mm, a y-axis value of 
-14 mm on the Surface, and has a sphere of 2.21 diopters and 
a cylinder of 0-10 diopters. The nominal surface addition is 
-2.50 diopters, calculated as the difference between mean 
spheres at the control points. 

It can be seen from comparing FIGS. 1 and 6 to FIGS. 11, 
16 and 21 that the regression value is about the same for all 
surfaces but sphere variations in proximity of the control 
points are less strong on the surfaces according to the 
invention. More specifically the sharp variation of sphere 
and cylinder located near the control points have been 
Smothered on the Surfaces according to the invention, nota 
bly for the example of Lens 5. The maximum value of the 
fourth derivative D defined above is representative of these 
sharp variations of sphere and cylinder. D is directly linked 
to the acceleration of the sphere and cylinder. When setting 
a limit value to D. over at least a central portion of the 
Surface including a portion of the meridian, the near vision 
control point and the far vision control point, the areas of the 
meridian where the accelerations of the mean sphere are the 
strongest are soften. 

FIGS. 2, 7, 12, 17 and 22 are maps showing mean sphere 
variation relatively to the mean sphere value of the far vision 
control point for the front Surfaces of Lens 1, Lens 2, Lens 
3, Lens 4 and Lens 5 respectively. These maps show the 
projection of the Surface onto the (x, y) plane; the (x, y) 
reference frame defined above as well as the main meridian 
will be recognized. The control points for far and near vision 
have respective coordinates of (0; 8) and (3; -14). 
On FIGS. 2, 7, 12, 17 and 22, isosphere lines, in other 

words lines joining points having the same mean sphere 
value can be seen. It can be observed that sphere gradients 
are much smaller, i.e. isosphere lines are more spaced apart, 
on the Surfaces according to the invention by comparison to 
the Surfaces of the comparative examples. 

FIGS. 3, 8, 13, 18 and 23 are maps of cylinder for the front 
Surfaces of Lens 1, Lens 2, Lens 3, Lens 4 and Lens 5 
respectively; the same graphical conventions and indications 
as those of FIGS. 2, 7, 12, 17 and 22 are used, simply 
showing cylinder in place of sphere in this drawing. It can 
be observed that cylinder gradients are much Smaller, i.e. 
isocylinder lines are more spaced apart, on the Surfaces 
according to the invention by comparison to the Surfaces of 
the comparative examples. 
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FIGS. 4, 9, 14, 19 and 24 are maps of sphere gradients for 
the front Surfaces of Lens 1, Lens 2, Lens 3, Lens 4 and Lens 
5 respectively. These maps confirm that sphere gradients of 
the Surfaces according to the invention are much less than 
the sphere gradients of Surfaces of comparative examples 
which have a hard design. Notably, sphere gradient normal 
ized to the nominal surface addition is less than 7.50-10' 
mm at any point in the circle of 40 mm centered on the 
central point O for the surfaces of the invention taken note 
that the maps show the non normalized values of sphere 
gradients. 

FIGS. 5, 10, 15, 20 and 25 are maps of cylindergradients 
for the front Surfaces of Lens 1, Lens 2, Lens 3, Lens 4 and 
Lens 5 respectively. These maps confirm that cylinder 
gradients of the Surface according to the invention are much 
less than the cylinder gradients of Surfaces of comparative 
examples which have a hard design. Notably, cylinder 
gradient is less than 1.45 mm at any point in the circle of 
40 mm centered on the central point O for the surfaces of the 
invention—taken note that the maps show the non normal 
ized values of sphere gradients. 

It can also be observed that the iso-gradient lines in FIG. 
14-15, 19-20, 24-25 are much more spaced, less close to 
each other, in the central portion of the lens as compared to 
FIGS. 4-5 and 9-10. The variation of gradients on the front 
Surfaces of Lens 3, Lens 4 and Lens 5 is much less than the 
variation of gradients on the font Surface of lens 1 and Lens 
2. This indicates that the fourth derivative D has small 
values on the Surfaces of the invention as compared with 
surfaces of the comparative examples. 

Moreover, the maximum value of D in the far vision Zone 
is located near the far vision control point, i.e. at least 4 mm 
above the center of the Surface along y-axis, and preferably 
at least 8 mm above the center of the Surface along y-axis. 
In addition, the maximum value of D in the near vision Zone 
is located below the near vision control point, i.e. at least 8 
mm below the center of the surface, and preferably at least 
14 mm below the center of the Surface. As a consequence, 
the gradients variations will be smaller on the central portion 
of the first surface of the semi-finished lens blank. In 
addition, the maximum value of D of the calculated rear 
surface will also be smaller and the surfacing will be more 
acCurate. 

Table I below summarizes the normalized maximum 
values of fourth derivative D, sphere gradient and cylinder 
gradient for the front surfaces of the lenses considered. 

TABLE I 

Front Surface Criteria 

D4 (mm diopter') Grad SPH (mm) Grad CYL (mm) 
Lens 1 6.90. 10 9.23. 10 1.74 
Lens 2 5.52. 10-5 7.96 - 10 1.55 
Lens 3 4.14 - 10 6.96 - 10 1.35 
Lens 4 2.84 - 10 6.01 - 10 1.17 
Lens 5 2.36. 10 5.12. 10 9.97 - 10 

FIGS. 26 to 40 are optical analyses of the nominal 
performance of the lenses considered. Nominal perfor 
mances are defined as the selected best compromise result 
ing from the repartition of optical defects over the lens. A 
target optical function is then defined to be used during 
optical optimization when defining the Surfaces character 
istics of the lens. The manufactured lens finally obtained 
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may have optical performances slightly deviating from the 
nominal performances, due notably to machining limitations 
and positioning defects. 

FIGS. 26, 29, 32, 35, 38 represent nominal power along 
the main meridian for lenses Lens 1, Lens 2, Lens 3, Lens 
4 and Lens 5 respectively. The optical addition is 2.69 
diopters for Lens 1 and Lens 2: 2.67 diopters for Lens 3: 2.66 
diopters for Lens 4 and Lens 5, power at the far vision 
control point being nil. It is immediately apparent that the 
optical performances along the meridian are the same for all 
lenses. 

FIGS. 27, 30, 33, 36 and 39 show nominal power per 
ceived by the wearer with lenses Lens 1, Lens 2, Lens 3, 
Lens 4 and Lens 5 respectively. FIGS. 28, 31, 34, 37 and 40 
show resulting astigmatism for with lenses Lens 1, Lens 2, 
Lens 3, Lens 4 and Lens 5 respectively. It is immediately 
apparent that the optical performances are Substantially the 
same for all lenses. 

Using a semi-finished lens blank according to the inven 
tion allows an easier lens manufacturing while maintaining 
the optical performances of the lens as it will be now 
explained. 

FIGS. 41 to 65 are illustrations of a second surface for 
lenses manufactured from lens blanks of FIG. 1 to 25, i.e. 
rear Surfaces of the lenses considered Lens 1, Lens 2, Lens 
3, Lens 4 and Lens 5. 

FIGS. 41, 46, 51, 56 and 61 are graphs of mean sphere 
variation along the meridian for the rear Surfaces of Lens 1, 
Lens 2, Lens 3, Lens 4 and Lens 5 respectively. The nominal 
surface power progression is 4.76 diopters for Lens 1 and 
Lens 2, 4.77 diopters for Lens 3, Lens 4 and Lens 5, 
calculated as the difference between mean spheres at the 
control points. 

It can be seen from comparing FIGS. 41 and 46 to FIGS. 
51, 56 and 61 that the sharp variations of sphere and cylinder 
at the control points are smoother, notably in FIGS. 56 and 
61. Manufacturing of the second surface will therefore be 
easier. 

FIGS. 42, 47, 52, 57 and 62 are maps showing mean 
sphere variation relatively to the mean sphere value of the 
far vision control point for the rear surfaces of Lens 1, Lens 
2, Lens 3, Lens 4 and Lens 5 respectively. FIGS. 43, 48, 53. 
58 and 63 are maps showing cylinder for the rear surfaces of 
Lens 1, Lens 2, Lens 3, Lens 4 and Lens 5 respectively. 
FIGS. 44, 49, 54, 59 and 64 are maps showing sphere 
gradients for the rear Surfaces of Lens 1, Lens 2, Lens 3. 
Lens 4 and Lens 5 respectively and FIGS. 45, 50,55, 60 and 
65 are maps showing cylindergradients for the rear Surfaces 
of Lens 1, Lens 2, Lens 3. Lens 4 and Lens 5 respectively. 

It can be observed that when a lens blank having a first 
Surface according to the invention is used, sphere and 
cylinder gradients are smaller on the second surface as 
compared when using a lens blank having a first Surface 
according to the comparative examples. It can also be 
observed that the iso-gradient lines in FIG. 54-55, 59-60, 
64-65 are more spaced, less close to each other, in the central 
portion of the lens as compared to FIGS. 44-45 and 49-50. 
This indicates that the fourth derivative D has smaller 
values on the rear Surfaces of lenses having a front Surface 
according to the invention as compared with rear Surfaces of 
lenses having a front Surface according to comparative 
examples. 

Table II below summarizes the normalized maximum 
values of fourth derivative D, sphere gradient and cylinder 
gradient for the rear Surfaces of the lenses considered. 
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TABLE II 

Rear Surface Criteria 

D4 (mm? diopter) Grad SPH (mm) Grad CYL (mm) 
Lens 1 1.49. 10 1.87 3.57 
Lens 2 1.35. 10 1.74 3.38 
Lens 3 1.20. 10 1.60 3.18 
Lens 4 1.05 - 10 148 2.98 
Lens 5 9.13. 10 1.38 2.79 

Because of the sphere and cylinder gradients control on 
the front Surface, sphere and cylinder gradients can be 
reduced on the rear Surface and accelerations of the digital 
Surfacing tool will be limited during Surfacing of the Surface 
of the lens. Thereby, the grinding of the surface will be more 
acCurate. 

Because of the fourth derivative control on the front 
Surface, sharp variations of gradients will also be avoided 
during surfacing of the rear surface of the lens. Thereby, the 
polishing of the rear surface will be less affected. 

Therefore, using a semi-finished blank according to the 
invention, with a soft design and controlled values of fourth 
derivative, makes it easier to manufacture the lens and 
further improves the optical quality of the lens obtained after 
Surfacing the second Surface. 

Indeed, as mentioned above with respect to FIG. 26-40, 
nominal optical performances are substantially the same for 
all lenses. Still the lenses of the invention are more tolerant 
to positioning defects during manufacturing. 

FIGS. 66 to 68 are optical performances of Lens 1 with 
simulated positioning defects of T +0.2 mm, T +0.2 mm 
and R +0.5° for the front surface and of T-0.2 mm, 
T=-0.2 mm and R=-0.5° for the rear surface. FIGS. 69 to 
71 are optical performances of Lens 5 with same simulated 
positioning defects. FIGS. 72 to 74 are superposition of the 
nominal optical performances and the simulated optical 
performances with positioning defects for Lens 1, i.e. Super 
position of FIGS. 26 to 28 and FIGS. 66 to 68. FIGS. 75 to 
77 are superposition of the nominal optical performances 
and the simulated optical performances with positioning 
defects for Lens 5, i.e. superposition of FIGS. 38 to 40 and 
FIGS. 69 to 71. FIG. 78 is a graph showing the maximal 
deviation between nominal performances and simulated 
optical performances with positioning defects for each lens 
considered. The impact of positioning defects was evaluated 
over a central portion of the lens, and notably for directions 
of view -40°sCs-10° and -40<B<40°. To provide the graph 
of FIG. 78, the deviation between nominal power/resultant 
astigmatism and simulated power/resultantastigmatism was 
calculated for each direction of view in the central portion 
defined above for each lens; then the maximum deviation 
was evaluated from among the deviation values for all 
directions of view in the central portion of the lens. It is 
immediately apparent that lenses having a front regressive 
Surface according to the invention have lesser deviation 
from nominal performances that lenses having front regres 
sive Surface according to comparative examples even though 
same positioning defects have been simulated. Thus, lenses 
manufactured from a lens blank according to the invention 
will have enhanced optical quality once manufactured. 

The maximum values set for sphere gradients, cylinder 
gradients and fourth derivative when defining the regressive 
front surface of the lens ensure that the rear surface can be 
manufactured without creating to much defects—during 
grinding and polishing as explained above but also ensure 
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that Small positioning defects only slightly impact the opti 
cal performances of the manufactured lens—acuity of the 
wearer is not truly affected. 

Several studies have been made to analyze visual acuity 
of a wearer with respect to power and resultantastigmatism 
defects; notably publication “Influence of combined power 
error and astigmatism on visual acuity” in Ophthalmic and 
Visual Optics Technical Digest, (Optical Society of 
America, Washington, D.C., 1995), Vol. 1, p 151-154) 
Catherine FAUQUIER, Thierry BONNIN, Christian 
MIEGE, Eric ROLAND Essilor International. It is consid 
ered that a deviation of mean power of 0.31 diopters 
combined with a deviation of resultant astigmatism of 0.39 
diopters (Lens 1) from the nominal performances leads to an 
acuity reduction of more than 33% which will be substan 
tially perceived by most wearers, whereas a deviation of 
mean power of 0.22 diopters combined with a deviation of 
resultant astigmatism of 0.27 diopters (Lens5) from the 
nominal performances leads to an acuity reduction of less 
than 25% which might be slightly perceived by some 
WeaS. 

Table III below summarizes the maximum deviation 
values of mean power AP and resultant astigmatism AA of 
the lenses considered and gives the resulting acuity reduc 
tion according to a relation given in the publication by 
Fauquier et al. cited above. 

TABLE III 

AP (diopters) AA (diopters) AC (%) 

Lens 1 O.31 O.39 33.6 
Lens 2 O.29 O.36 31.4 
Lens 3 O.26 O.32 28.3 
Lens 4 O.24 O.3 26.5 
Lens 5 O.22 0.27 24.2 

Applicant regards an acuity reduction AC (%) of 30% as 
being discriminative. 
The normalized limit value of 5.0-10 mm°-diopter' for 

the fourth derivative D and/or the limit values of 7.5:10 
mm/1.45 mm for the sphere/cylindergradients over at 
least a central portion of the front regressive surface provide 
that the lens can be easily manufactured while fulfilling the 
nominal optical performances. 
The semi-finished lens blank of the invention may be 

manufactured by digital Surfacing or moulding. The first 
surface of the semi-finished lens blank is determined by 
setting a regression of the mean sphere value between the far 
vision Zone 26 and the near visions Zone 28, and a fourth 
derivative with respect to altitude D value less than 5.0-10 
mm diopter' at any point in a central portion. Other 
criteria as defined above, notably limit values of sphere 
gradients and cylinder gradients, may also be used when 
determining the first surface of the semi-finished lens blank. 

Data relative to the determined first surface will be used 
to control machining of a mould or to control a digital 
Surfacing machine to produce the first Surface of the semi 
finished lens blank. 
A progressive lens can be manufactured using a semi 

finished lens blank according to the invention. 
FIG. 83 is a flowchart of an example of the steps that can 

be carried out for manufacturing a progressive ophthalmic 
lens according to the invention. 

Data relative to a wearer are provided (step 74). This can 
be done at a first location, i.e. a spectacle seller (optician). 
The data are transmitted (step 75) from the first location to 
a second location where a semi-finished lens blank is 
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selected (step 77) and where an optical optimization of the 
lens based on the data relative to the wearer and on data 
relative to the first regressive surface of the semi-finished 
lens blank is carried out (step 78). This can be done in a 
laboratory of a lens designer. The semi-finished lens blank 
can be selected based on the wearer data, for instance the 
prescribed addition. The result of the optical optimization 
are transmitted (step 80) and a second surface of the lens is 
determined (step 81) according to the result of the optical 
optimization. This can be done in the same laboratory, or in 
a different laboratory. The data relative to the second surface 
are transmitted (step 82) to a lens manufacturer. Using the 
selected lens blank, the lens manufacturer surfaces the 
unfinished surface of the blank according to the determined 
second surface (step 83). The unfinished surface of the blank 
can be made by digital Surfacing or molding. 
The progressive lens of the invention can also be manu 

factured without using a semi-finished lens blank. 
Data relative to a wearer are provided (step 74). The data 

are transmitted (step 75) from the first location to a second 
location where a first surface is determined (step 76). This 
can be done in a laboratory of a lens designer. The first 
Surface is determined using the criteria defined previously, 
and notably, a regression of the mean sphere value between 
at least a portion of the far vision Zone 26 and at least a 
portion of the near visions Zone 28, a sphere gradient value 
less than 7.50-10 mm at any point in a central portion of 
the lens, a cylindergradient value less than 1.45 mm at any 
point in the central portion of the lens and a fourth derivative 
with respect to altitude (D.) value less than 5-10 mm°-di 
opterr' at any point in the central portion of the lens. 
The data relative to the first surface are transmitted and an 

optical optimization of the lens based on the data relative to 
the wearer and on data relative to the first surface is carried 
out (step 78). This can be done in the same laboratory as the 
determination of the first surface, or in a different laboratory. 
The results of the optical optimization are transmitted (step 
80) and a second surface of the lens is determined (step 81) 
according to the result of the optical optimization. This can 
still be done in the same laboratory, or in a different 
laboratory. The data relative to the first and second surface 
are transmitted (step 82) to a lens manufacturer and the lens 
is produced by double side digital surfacing (step 84) or by 
molding. 

These methods can be implemented on a computer. Com 
puter program products can be provided comprising one or 
more stored sequence of instruction that is accessible to a 
processor and which, when executed by the processor, 
causes the processor to carry out the steps of the methods are 
also proposed. 

Such computer programs 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 pro 
grammable read-only memories (EPROMs), electrically 
erasable and programmable read only memories (EE 
PROMs), 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. A 
computer-readable medium carrying one or more sequences 
of instructions of the computer program product is thus 
proposed. This enables to carry out the method in any 
location. 
A set of apparatuses for manufacturing a progressive 

ophthalmic lens, wherein the apparatuses are adapted to 
carry out the method for manufacturing is also proposed. 
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The invention claimed is: 
1. A progressive ophthalmic lens comprising: 
a front Surface and a rear Surface, each surface having in 

each point an altitude, a mean sphere value, and a 
cylinder value, 

the front Surface of the lens comprising: 
a far vision Zone having a far vision reference point, 
a near vision Zone having a near vision reference point, 
and 

a main meridian, 
wherein the front surface is a regressive surface which is 

a continuous aspheric Surface having a Zone of decreas 
ing mean sphere value connecting the far vision Zone 
and the near vision Zone and has: 
a sphere gradient normalized value of less than 

7.50-10 mm at any point in a central portion of 
the lens including a portion of the main meridian, the 
far vision reference point, and the near vision refer 
ence point, and 

a cylinder gradient normalized value of less than 1.45 
mm at any point in the central portion of the lens. 

2. The progressive ophthalmic lens according to claim 1, 
wherein at least one surface comprises two micro-markings 
and a central point located at the center of a segment linking 
the two micro-markings, and 

wherein the central portion of the lens is a circle of 40 mm 
diameter centered on the central point. 

3. A semi-finished spectacle lens blank comprising: 
a first regressive surface which is a continuous aspheric 

Surface having a Zone of decreasing mean sphere value 
connecting the far vision Zone and the near vision Zone, 
and a second unfinished Surface, 

the first regressive Surface having in each point an alti 
tude, a mean sphere value, and a cylinder value, 

the first regressive surface comprising: 
a far vision Zone having a far vision reference point, 
a near vision Zone having a near vision reference point, 
and 

a main meridian, 
wherein the first regressive surface has a fourth derivative 

with respect to altitude normalized value of less than 
5.0-10 mm diopter' at any point in at least a 
central portion of the blank including a portion of the 
main meridian, the far vision reference point, and the 
near vision reference point, and 

wherein the first regressive surface has: 
a sphere gradient normalized value of less than 

7.50-10 mm at any point in the central portion, 
and 

a cylinder gradient normalized value of less than 1.45 
mm at any point in the central portion. 

4. The semi-finished spectacle lens blank of claim 3, 
further comprising markings defining a position of a central 
point of the blank, 

wherein the central portion of the blank is a circle of 40 
mm diameter centered on the central point. 

5. A method for manufacturing a progressive ophthalmic 
lens, comprising: 

providing data relative to a wearer, 
selecting a semi-finished lens blank according to claim 4: 
carrying out an optical optimization of the lens based on 

the data relative to the wearer and on data relative to the 
first regressive surface of the blank; and 

providing the selected semi-finished lens blank and Sur 
facing or molding the unfinished Surface of the blank 
according to the result of the optical optimization. 
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6. A method for manufacturing a progressive ophthalmic 
lens, the method comprising: 

providing data relative to a wearer; 
Selecting a semi-finished lens blank according to claim 3: 
carrying out an optical optimization of the lens based on 

the data relative to the wearer and on data relative to the 
first regressive surface of the blank; and 

providing the selected semi-finished lens blank and sur 
facing or molding the unfinished surface of the blank 
according to the result of the optical optimization. 

7. A set of apparatuses for manufacturing a progressive 
ophthalmic lens and/or a semi-finished lens blank, wherein 
the apparatuses are configured to execute the method 
according to claim 6. 

8. A computer program product comprising one or more 
Stored sequence of instruction that is accessible to a proces 
sor and which, when executed by the processor, causes the 
processor to execute the method of claim 6. 

9. A semi-finished spectacle lens blank comprising: 
a first regressive surface which is a continuous aspheric 

Surface having a Zone of decreasing mean sphere value 
connecting the far vision Zone and the near vision Zone, 
and a second unfinished surface, 

the first regressive surface having in each point an alti 
tude, a mean sphere value, and a cylinder value, 

the first regressive surface comprising: 
a far vision Zone having a far vision reference point, 
a near vision Zone having a near vision reference point, 
and 

a main meridian, 
wherein the first regressive surface has: 

a sphere gradient normalized value of less than 
7.50; 10 mm at any point in a central portion of 
the blank including a portion of the main meridian, 
the far vision reference point, and the near vision 
reference point, and 

a cylinder gradient normalized value of less than 1.45 
mm at any point in the central portion. 

10. The semi-finished spectacle lens blank of claim 9. 
further comprising markings defining a position of a central 
point of the blank, 

wherein the central portion of the blank is a circle of 40 
mm diameter centered on the central point. 

11. A method for manufacturing a progressive ophthalmic 
lens, the method comprising: 

providing data relative to a wearer; 
Selecting a semi-finished lens blank according to claim 9: 
carrying out an optical optimization of the lens based on 

the data relative to the wearer and on data relative to the 
first regressive surface of the blank; and 

providing the selected semi-finished lens blank and sur 
facing or molding the unfinished surface of the blank 
according to the result of the optical optimization. 

12. A method for manufacturing semi-finished lens blank, 
the method comprising: 

defining a first surface and a second unfinished surface, 
the first surface having in each point an altitude, a mean 
sphere value, and a cylinder value: 

defining a far vision Zone having a far vision reference 
point, a near vision Zone having a near vision reference 
point, a main meridian, and a central portion of the first 
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Surface including a portion of the main meridian, the far 
vision reference point, and the near vision reference 
point; 

determining the first surface being a first regressive sur 
face which is a continuous aspheric surface having a 
Zone of decreasing mean sphere value connecting the 
far vision Zone and the near vision Zone and having: 
a regression of the mean sphere value between at least 

a portion of the far vision Zone and at least a portion 
of the near visions Zone, 

a sphere gradient normalized value of less than 
7.50; 10 mm at any point in the central portion, 
and 

a cylinder gradient normalized value of less than 1.45 
mm at any point in the central portion; and 

Surfacing or molding the first surface. 
13. A set of apparatuses for manufacturing a progressive 

ophthalmic lens and/or a semi-finished lens blank, wherein 
the apparatuses are configured to execute the method 
according to claim 12. 

14. A computer program product comprising one or more 
stored sequence, of instruction that is accessible to a pro 
cessor and which, when executed by the processor, causes 
the processor to execute the method of claim 12. 

15. A non-transitory computer readable medium carrying 
out one or more sequences of instructions of the computer 
program product of claim 14. 

16. A method for manufacturing a progressive ophthalmic 
lens, comprising: 

providing data relative to a wearer; 
defining far vision Zone having a far vision reference 

point, a near vision Zone having a near vision reference 
point, and a main meridian; 

defining a first surface of the lens being a first regressive 
Surface which is a continuous aspheric surface having 
a Zone of decreasing mean sphere value connecting the 
far vision Zone and the near vision Zone and having: 
a regression of the mean sphere value between at least 

a portion of the far vision Zone and at least a portion 
of the near visions Zone, 

a sphere gradient normalized value of less than 
7.50; 10 mm at any point in a central portion of 
the lens including a portion of the main meridian, the 
far vision reference point and the near vision refer 
ence point, and 

a cylinder gradient normalized value of less than 1.45 
mm at any point in the central portion of the lens; 

carrying out an optical optimization of the lens based on 
the data relative to the wearer and on data relative to the 
first surface of the lens; 

determining a second surface of the lens according to the 
result of the optical optimization; and 

surfacing or molding the first and second surfaces. 
17. A set of apparatuses for manufacturing a progressive 

ophthalmic lens and/or a semi-finished lens blank, wherein 
the apparatuses are configured to execute the method 
according to claim 16. 

18. A computer program product comprising one or more 
stored sequence of instruction that is accessible to a proces 
Sor and which, when executed by the processor, causes the 
processor to execute the method of claim 16. 
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