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(57) Abrege(suite)/Abstract(continued):

artificial vision system (2), said illumination means (1) comprising programmable optoelectronic means for producing a luminous
background with spatially and temporally variable brightness. The inventive appliance Is characterised In that the programmable
optoelectronic means are embodied In such a way as to consecutively generate a plurality of mires, each comprising a pattern
which Is repeated In a contrasted manner on a uniform background with a high spatial frequency of between 0.01 and 100
patterns/mm, or such that two adjacent patterns are separated by an angle between 0.1 and 30 degrees, said angle being
measured from the point of the object on which the pattern is observed. Said generated mires are consecutively spatially staggered
IN such a way that a plurality of images corresponding to the mires Is captured by the artificial vision system after reflection or
transmission by the optical element (3), and recombined in the form of a single composed image.
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(57) Abstract: The invention relates to an appliance
for measuring or controlling an optical element (3)
comprising illumination means (1) and an associated
artificial vision system (2), in which the optical
element (3) can be inserted between the illumination
means (1) and the artificial vision system (2), said
illumination means (1) comprising programmable
optoelectronic means for producing a luminous
background with spatially and temporally variable
brightness. The inventive appliance is characterised
in that the programmable optoelectronic means are
embodied in such a way as to consecutively generate
a plurality of mires, each comprising a pattern which
is repeated in a contrasted manner on a uniform
background with a high spatial frequency of between
0.01 and 100 patterns/mm, or such that two adjacent
patterns are separated by an angle between 0.1 and
30 degrees, said angle being measured from the point

1 of the object on which the pattern is observed. Said
generated mires are consecutively spatially staggered
in such a way that a plurality of images corresponding
to the mires is captured by the artificial vision system
after reflection or transmission by the optical element
(3), and recombined in the form of a single composed
image.

(57) Abrégé : La présente invention se rapporte a un appareil de mesure ou de contrdle d'une piece optique (3) comprenant des
moyens d'éclairage (1) et un systeme de vision artificielle associé (2), dans lequel la piece optique (3) peut étre interposée entre les
moyens d'éclairage (1) et le systeme de vision artificielle (2), lesdits moyens d'éclairage (1) comprenant
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Publiée :
— avec rapport de recherche internationale

des moyens optoélectroniques programmables pour produire un fond lumineux de luminance variable dans 1'espace et dans le temps,
caractérisé en ce que lesdits moyens optoélectroniques programmables sont configurés pour générer consécutivement une pluralité
de mires, chacune comprenant un motif répété de maniere contrastée sur un fond uniforme avec une haute fréquence spatiale, com-
prise entre 0,01 et 100 motifs/mm ou telle que deux motifs adjacents sont sé€parés par un angle compris entre 0,1 et 30 degrés, ledit
angle étant mesuré a partir du point de 1'objet sur lequel le motif est observé, lesdites mires générées consécutivement étant décalées
spatialement, de sorte qu'une pluralité d'images correspondant auxdites mires est captée par le systeme de vision artificielle apres
réflexion ou transmission par la piece optique (3) et recombinée sous forme d'une image composée unique.
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A METHOD FOR INSPECTING TRANSPARENT OR REFLECTIVE ELEMENTS

Field of the invention

[0001] The present invention relates to a device

for:

- detecting defects or locating semi-visible marks present
in transparent or reflective optical parts, for example
detecting deformations and appearance defects (“cosmetic
control®) ;

- measuring the optical properties of such optical parts
(for example characteristics of divergence, refraction,
transmission factor, power or vergence, curvature,
diffusivity, etc.).

[0002] One example application area of the invention

is the control of optical lenses and of all transparent

and/or reflective products in the ophthalmic industry.

{0003] A reflective product is defined a priori as

being a product with a surface that reacts to incident

light according to the law of specular reflection.

[0004] The invention also relates to the control of
the appearance of translucent products and/or products

having a diffuse reflection.

Technological background, state of the art and technical
problem to be solved

Detection and classification of appearance defects

[0005] Numerous methods are kxnown and used 1in
artificial vision for the automatic detection of defects,

they 1implement 1lighting systems with properties that are
adapted to the particular type of defect to be detected.
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Mention may be made for instance of devices with bright
and black fields, projection systems, systems of
alternation observations for instance 1n the form of black
and white strips, Schlieren methods, called “knife edge”,
etc.

[0006] Three main types of defects that may appear

simultaneously are considered here (non-exclusive) :

- diffusing defect: wvisible even 1f 1t affects a small

area; "scatters” the light in the usual sense;

- deflecting defect: does not entail diffusion but a local

modification of the refraction effect (for example

“magnifying” effect);
- absorbing defect: locally decreases the transmission.

[0007] Known devices are often characterised by a

motion requirement, either for the parts to be observed or

for the lighting devices (FR-A-98 14417, EP-A-556 655,

“Machine Vision System for Specular Surface Inspection:

Use of Simulation Process as a Tool for Design and
Optimization”, R. SEULIN et al., Laboratory Le2i, QCAV-
days, 21-23 May 2001, Le Creusot, France) or else by
sultable projection devices (EP-A-856 728). One thus
obtains systems with configurations that are determined by
the goal to be achieved and by the mechanical, geometrical
or optical means 1mplemented.

[0008] Numerous lighting systems have thelr

configuration determined by the size and shape of the

object to be observed, as for i1instance the device
described 1n document US-B-6,476,909. It proposes an
device for inspecting an optical part, 1n which a

diffusion means 1s interposed between the source of light

and the part to be i1inspected. The diffusing element is

preferably a two-dimensional LCD panel with three zones

differing in terms of their diffusion transmission factor:

a central zone with weak diffusivity, a peripheral zone
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with high diffusivity and an external mask surrounding

these two zones and intercepting the light. The shapes of

these first two zones depend on the shape of the object to
pe 1inspected. The size of the central zone depends on the
size of the object. The images of the object are received

yurm

on a CCD camera. In the absence of any defect, the image

of the object is only formed by the light issuing from the
homogeneous central zone. Thus, the absorbing defects or
dusts, 1.e. of a Dblack or dark colour, have a weaker

ﬁ

luminance than the rest of the image. By contrast, any

diffusing particle scatters both the direct light 1Ssulng

from the central zone and the indirect light 1ssuing from

the peripheral zone, which increases 1local luminance at

—

the location of the defect. This device therefore allows

to simultaneously detect several types of defects. This
document essentially describes the observation of an
optical part over a homogeneous central background. This
1s a “black field” method where the background is grey
rather than black so that absorbing defects appear. It is
easy to understand the limitations of such a device for
classifying or even detecting defects with (little)
deflection or defects, even major ones, that are at the

same time absorbing and diffusing due to the antagonist

effects of these two types of defects.

[0009] Moreover, and particularly for “large-size”

objects, the wvarious points of the object are not

ey

1lluminated in the same way with this kind of device. This

makes the sensitivity of defect detection dependent on the
position and also on the orientation of the defect, when

the latter scatters the light in an anisotropic way. A

defect such as a scratch for instance located on the edge

grmy
p—

of the examined object may deflect the light differently

depending on its orientation. Thus, with the above-

described device, a tangential scratch may very well be
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detected whereas an 1dentical radial scratch may possibly

not be observed.

[0010] It 1s known that deflecting defects and

defects diffusing light at a low angle or in a narrow cone
are advantageously detected with great sensitivity by

“Schlieren techniques” which are, however, hardly suitable

for objects with wvariable surface characteristics or for

switching from one model of object to another.

Measurement of optical properties

[0011] The situation 1s quite similar for measuring

optical characteristics. Many types of devices may thus be

found:

-

a) for 1instance, a first type of equipment provided with

projection systems having (a) mask(s) of suitable shape

—

for measuring the optical power (contrary of the focal

length) according to the so-called “Hartmann” technique
and comprising devices for measuring the light projected
either onto a screen or directly onto a sensor. By a
calculation based on the deformation of the pattern

assoclated with the mask, these devices allow to analyse

the wave front obtained after transmission or reflection
on the component to be studied. The latter may be placed
1n the projection device before or after interception of
the light by the mask;

b) 1n addition, devices that in particular allow to simply
calculate the optical properties by analysing the

enlargement, 1n general anisotropic and non-homogeneous,

of the 1mage of a pattern (called a “definition chart”)

observed by refraction or reflection on the surface of

the object to be examined, depending on whether the
latter 1s transparent or reflective. Thus, the Applicant
developed a device for determining the mapping of the

optical power of lenses. This product, called
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M

Lensmapper'' has been sold to the ophthalmic industry

since 1994. The principle of this device 1s similar to

the subject matter of patent US-A-6,392,754 held by

Innomess GmbH, Marl (DE) for reflective surfaces and to

that of European patent application EP-A-1 061 329, held

iy

by a firm that 1s 1ndependent of the Applicant and

essentially working for the ophthalmic industry.
|0012] Therefore, the problem that arises both for
detecting defects 1n optical parts and for determining the
optical properties of components, 18 that the existing
measurement devices are limited, as a result of their
relatively rigid configuration, to a restricted range of

applications.

[0013] There 18 therefore a need for a device for

the precise measurement or for the detection of appearance

defects that would  be flexible according to  the
application chosen over a wide range (for example

detecting many types of different defects over the entire

surface of the object) and that would allow the “pick and
pay” 1mplementation of various lighting methods (for
example black or bright field, alternation of black/white

fringes, spots or definition chart with dots, etc.).

Aims of the invention

10014] The present 1invention aims to provide a
device allowing to detect, 1n precision or quality optical
parts, detects of any kind, whose characteristic sizes

extend over a very wide range, typically between one

micron and several millimetres for most lenses.

[0015] The 1nvention aims 1n particular to provide a

device for highlighting multiple categories of appearance
defects or structural discontinuities such as marks,
outlines, etc. which, as a result of their specific

interaction, possibly strongly anisotropic, with the light
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and as a result of thelr orientation, may require very
variable configurations of the lighting device used and

hence a high degree of adaptability of the latter.

10016] The 1nventilion also aims to provide a flexible
device for measuring the characteristics of optical

components, 1in particular 1n the ophthalmic industry.

Main characteristic elements of the invention

[0017] A method for 1nspecting a transparent,

translucent or reflective optical part 1n order to

detect aspect defects or structural discontinuities 1in

the optical part or for measuring optical or

F
p—

geometrical properties of the optical part, by means of

a testing apparatus comprising at least one lighting
means and an assoclated artificial vision system. The
optical part is interposed between the lighting means
and the artificial vision system. The lighting means

comprises a spatial light modulator (SLM) for producing

a stationary luminous background with a definition

P

chart that 1s made of a plurality of programmable

pixels. The individual luminance of each pixel 1s
variable independently of the others with respect to
time. The method comprilses the steps of:

= consecutively generating, over a defined
period of time, a plurality of definition charts, each
chart including a periodic pattern that is
contrastingly repeated over a uniform background so

that the consecutive definition charts are spatially

shifted relative to one another;
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- collecting a plurality of 1images, using the
artificial wvision system, 1in specular reflection or
transmission by the optical part, each 1image belng
directly associated with one of the consecutively

> spatially shifted definition charts;

- combining the plurality of 1images 1in the

artificial vision system so as to form a single

compound image; and,

- extracting inspection or measurement data from

10 the single compound image, wherein:

~ the definition charts are generated so that the

periodic pattern has a spatial frequency between 0.01

and 100 patterns/mm in a specified direction; and

- two adjacent periodic patterns are separated by
15 an angle between 0.1 and 30 degrees, said angle beilng
measured from a point of the object through which the

patterns 1s observed.

[0018] The periodic pattern may have a spatial
frequency between 0.01 and 100 patterns/mm 1n a

20 specified direction.

[0019] Two adjacent patterns may be separated by an
angle between 0.1 and 30 degrees, the angle Dbeing

measured from a point of the optical port through which

the pattern 1s observed.

25 [0020] The pattern may be a dot, a spot, a regular

or irregular geometrical shape, a horizontal, vertical
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or diagonal line and any combination of at least two of

the foregoing.

[0021] Definition charts with a central symmetry may

be used, each pattern comprising the centre of symmetry

> and being shifted by one angular pitch that is constant

relative to the adjacent pattern.

[0022] The single compound 1image may be obtained by

retaining, for each pixel, the minimum grey level or

P

any logical more or less complex combination of the

10 pixels corresponding to the images corresponding to the

shifted definition charts.

g

[0023] The spatial shift of the definition charts

may be a translation or rotation shift.

V)

10024 ] The spatial light modulator (SLM) may be of a
15 1liguid crystal display type (LCD TFT).

[0025] The artificial vision system may comprise a

linear or matrix image sensor or camera Jlinked to an

image-processing system, or even a direct or 1ndirect

projection screen.

20 [0020] The camera used may be a digital camera of a

CCD or CMOS type with an object lens 1n front.

(0027 ] The extracted inspection or measurement data

P

fect.

may be the reflection effect or the refraction e:

[0028] A mask or mirror with periodic network may be

25 used as an additional auxiliary optical device.
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9
[0029] A colour of the generated periodic pattern
may be adjusted.
[0030] The method may be used for detecting defects

that deflect or scatter 1light, reading moulded or

> engraved marks, observing discontinuities on  the

—

surface of the object or tracing the outline of the

object.

100311 The above method may be used for measuring
optical or geometrical properties of a transparent,

10 translucent or reflective object.

(0032] The method may be used for measuring the

optical power or the curvature of the optical part.

[0033] The used method may be the black or bright

field method, at least partial, the knife-edge method,

15 the alternation of black and white fringes or a use of

(an) essentially point-shaped luminous zone(s).

10034 ] The extracted inspection or measurement data

may be the reflection effect determined Dby the

anisotropic curvature, the slope or the distance of the

20 surface.

[0035] The extracted inspection or measurement data
are the refraction effect determined by the optilcal

power through the analysis of the 1local or global

shifts or enlargements.

25 Brief description of the figures

[0030] Figure 1 very schematically shows the device

as 1in the present 1nvention 1n the case of the
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inspection by refraction of an object, for example a

lens.

[0037] Figure 2 shows an example 1mage of a lens

having appearance defects over a two-dimensional

definition chart background, selected from a collection

of consecutive images taken with the definition chart

that 1s shifted by a constant pitch in the two main

F

directions, by means of a preferred embodiment of the

device as in the present invention.

[0038] Figure 3 shows a resulting image obtained Dby

recombining the images of the type shown in Figure 2 Dby

P

means of 1mage processing.

Descrigtion of a Ereferred embodiment of the invention

[0039] As very schematically shown in Figure 1, the

present invention relates to the use of a spatial light

modulator or SLM 1, for example a ligquid crystal

display (LCD} screen providing in a flexible, variable

and precise way a 1lighting device associated with a

camera 2, for example a CCD or CMOS camera, with or

without an object lens, in order to inspect an optical

object 3, in particular, for example, for detecting

defects, reading marks (moulded or engraved), observing

discontinuities(edge of the lens) or tracing the

outline of a segment of a multifocal lens, measuring

optical properties, and to do thilis Dby generating

suitable definition charts or dots of a suitable size

at positions selected ad hoc.

(0040 ] In the broadest sense, an SLM is a lighting

device that allows the digital or analogue control of
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the light intensity and of the 1local colour that it
produces, transmits or reflects at any point, possibly

1n a determined direction.

[0041] An SILM 1s wusually an electro-optical device

comprising a 1D or 2D, and possibly 3D, network of
plxels that can be used 1n reflection or 1n
transmission and that can be individually and instantly

ﬁ
—

actilvated by optical, electrical, etc . means. Each of

these pixels may modulate the phase and/or the 1light
intensity  that 18 propagated through 1t or Dby

reflection onto 1it. Most often, SLMs are produced by
using liquid crystal displays (LCDs) but the invention
may also be 1implemented by using an analogue 1lighting

device.

10042 ] According to a preferred embodiment of the

invention, the installation comprises a system of

artificial vision comprising a camera possibly

associated with an object lens, a system for 1mage

digitalisation and an image processor, this artificial

vision system being linked to a programmable LCD

display possibly provided with mirrors 1if necessary 1n

-y

order to extend the observation field. The 1image of the

display is viewed, after reflection or transmission, Dy

the artificial vision system via the camera.

[004 3] For example, a CCIR CCD camera with 752x538Z2

pixels provided with an object 1lens of 50mm focal

length will be used. The SLM may be an SVGA LCD display

with 800x600 pixels displaying a periodlc pattern such
as a chequered pattern or contrasted alternating black

and white lines, with wvariable shift. It will be noted
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that the definition charts are selected at least so
that the contrast between the generated pattern and the
background of the lighting means 1is high and so that
this generated pattern has clean transitions. For the
capture and processing, 1including the calculation of
the maximum, minimum or average of 1mages, etc., a PC
will be used with a graphics card and a display card

for LCD such as found in the state of the art.

[0044] Figure 2 shows the image of a 1lens, taken

with a device of the above-described type and having

appearance defects (circle marked with felt ©pen,
scratches, fingerprints, etc.). Fach particular 1image
is taken over the background of a two-dimensional
definition chart in the form of a strongly contrasting
black and white cheqguered pattern. The distance between

the lens and the support of the definition chart 1is of

the order of 50mm and the distance between the lens and

the camera is of the order of 500mm .

[0045] In this particular case, 9 different 1images

were consecutively taken at intervals of about one

second. Between one image and the next, the definition
chart was shifted by a pitch corresponding to one third

of the pattern repeat in the two main directions.

[0046] The recombined image shown in Figure 3 was

obtained by retaining the minimum grey level among the

9 possible values for each position (pixel).

[0047] When this device 1is —correctly used, 1t
provides results of very high, even unequalled, quality

for detecting appearance defects thanks to the logical,
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P
h—

simple and rapid use of the multiple images obtained

with suitable definition charts.

[0048] The synchronisation between the system for
taking 1mages and the display may be easily created
without additional device. With this device, 1t 1s
possible to vary the type of method used (partial black
fields, bright fields, alternating contrasts of Dblack
and white, use of several positioning points with
adjustment according to the optical power of the

P

product or to the type of defect , etc.).

[0049] For a given type of method, the wvarious
adjustments that can be carried out at will on the
contrasting definition <charts and on the 1mage

combinations of these definition charts (analysis)

allow to modify the various parameters, affecting for
one thing the detection sensitivity and for another the
appearance of the defect images depending on their
type. This technique allows sensitive classification,

identification and detection.

[0050] Optical control can also be achieved by using
the principle described under a) above with an
advantage in flexibility with regard to the shape and
positioning of the 1light source(s), or by using the
principle described under b) above with an advantage in
flexibility with regard to the production of one or

several patterns and the opportunity to adjust the

pitch of the definition chart, to display particular

reference points 1in order to identify the absolute

shift of the image observed, which 1s moreover Kknown
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F

only to within about an integer multiple of the pitch

of the pattern in the case of a periodic pattern, etc.

(0051 ] Optical control of the parts may also be
achleved by implementing Moiré techniques, the
definition charts being chosen to allow the

interference phenomenon between, on the one hand, a

separate network or the CCD sensor of the control

camera and, on the other hand, the pattern displavyed.

[0052] Lastly, the properties relating to the colour
information may be determined by analysing the grey
levels obtained for various colours of the display and

any <20 polarisability of the 1light emitted by the

display, as 1s the case for example with an LCD

display, may be exploited 1in order to verify the

properties of the product as a function of its
orlentation.
[0053] According to the 1invention, defects of any

nature may thus be advantageously detected, the
definition charts belng chosen 1n particular according
to the scale of the discontinuitlies or the surface
imperfections:

- -

microscoplic for diffusing defects, of the order ot

O.1lmm 1n size for most defects of surface distortion

due to 1nclusions or marks, or even several mm or more

for particular surface deformations.

#422685
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CLAIMS

1. A method for 1inspecting a transparent,

translucent or reflective optical part (3) 1in order to
detect aspect defects or structural discontinuities 1n said
optical part (3) or for measuring optical or geometrical
properties of said optical part (3), by means of a testing
apparatus comprising at least one lighting means (1) and an
assoclated artificial wvision system (2), the optical part
(3) being interposed between the lighting means (1) and the
artificial vision system (2), the 1lighting means (1)

comprising a spatial light modulator (SLM) for producing a

stationary luminous background with a definition chart that

P

1s made of a plurality of programmable pixels, the

individual luminance of each pixel being able to vary
independently of the others with respect to time, said
method comprising the steps of

F
and

- consecutively generating, over a defined period of

time, a plurality of definition charts, each chart

including a periodic pattern that 1s contrastingly

repeated over a uniform background so that the

consecutive definition charts are spatially shifted
relative to one another ;

- collecting a plurality of images, using the artificial
vision system (2), in specular reflection or

transmission by the optical part (3), each image beilng

directly associated with one of the consecutively

spatially shifted definition charts ;

- combining the plurality of images in the artificial
vision system (2) so as to form a single compound

lmage,; and,
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— extracting 1nspection or measurement data from the

single compound 1mage,

wherein:

- the definition charts are generated so that the periodic

pattern has a spatial Ifrequency between 0.01 and 100

patterns/mm in a specified direction; and

- two adjacent periodic patterns are separated by an angle

between 0.1 and 30 degrees, said angle being measured from

F

a point of the optical part through which the periodic

patterns are observed.

2. Method as 1in Claim 1, wherein the pattern
used 1s selected from the group consisting of a dot, a
spot, a regular or 1lrregular geometrical shape, a
horizontal, vertical or diagonal line and any combination
of at least two of these elements.

3. Method as in Claim 1, wherein definition

charts with a central symmetry are used, each pattern

comprlising the centre of symmetry and being shifted by one
angular pitch that 1is constant relative to the adjacent

pattern.

4. Method as in Claim 1, wherein the single

compound image 1s obtailned by retaining for each pixel the
minimum grey level or any 1logical more or less complex
combination of the pixels corresponding to the 1mages
corresponding to the shifted definition charts.

5. Method as in any one of claims 1 to 4,

wherein the spatial shift of the definition charts 1s a
translation or rotation shift.

6. Method as in Claim 1, wherein the spatial

light modulator (SLM) is of a ligquid crystal display type
(LCD TFT) .
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7. Method as 1in any one of claims 1 to 6o,
wherein the artificial wvision system used comprlises a
linear or matrix image sensor or camera linked to an i1mage-
processing system, or even a direct or indirect projection

screen.

8. Method as in Claim 7, wherein sailid camera

g

used is a digital camera of a CCD or CMOS type with an

object lens 1in front.

9. Method as in any one of Claims 1 to 8,

wherein the extracted inspection or measurement data are

the reflection effect or the refraction effect.

10. Method as in any one of Claims 1 to 9,
wherein a mask or mirror with periodic network 1s used as

additional auxiliary optical device.

11. Method as in any one of Claims 1 to 10,

p—

wherein a colour of the generated periodic pattern can be

adjusted.

12. Method as in any one of Claims 1 to 8§,

for detecting defects that deflect or scatter 1ight,

reading moulded or engraved marks, observing

discontinuities on the surface of the object or tracing the

outline of the object.

13. Method as in any one of Claims 1 to 12,

pi—

for measuring the optical power or the curvature of the

optical part.
14. Method as in Claim 13, wherein the used

Lt

method is the black or bright field method, at least

partial, the knife-edge method, the alternation of black

-

and white fringes or a use of (an) essentially poilnt-shaped

luminous zone(s).



CA 02567095 2013-05-23

18

15. Method as in Claim 9 whereiln the

extracted inspection or measurement data are the reflection

effect determined by the anisotropic curvature, the slope
or the distance of the surface.

16. Method as 1n Claim 9 wherein the
extracted 1inspection or measurement data are the refraction

effect determined by the optical power through the analysis

of the local or global shifts or enlargements.

HAM LAW\ 427811\1



CA 02567095 2012-10-23

Application number / Numéro de demande: 9 %Y O%

. 7Y
Figures: 2/ 2} ) o

Unscannable items received with this application
(Request original documents in File Prep. Section on the 10" floor)

Documents recu avec cette demande ne pouvant étre balayes
(Commander les documents originaux dans la section de la preparation
des dossiers au 10ieme ctage)



CA 02567095 2006-11-17

1/2

camera ’//////,f 2
|
Object 1nspected by 3
|
| refraction (e.g. lens) rﬁfﬁfﬂ,




calllera

E

Object i1nspected by

[ refraction (e.g. lens)

................................................................................................................................................................................................



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - abstract
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - abstract drawing

