1 DIGITAL MOVEMENT MEASURING DEVICE The invention relates to movement
measurement device. Here the concept of movement measurement 5 encompasses the
measurement of a position relative to a reference position. As a general rule, a movement
measurement device stores analog information from a sensor, converts it into digital data, and
transmits it to a computer in order for the movement measurement to be 10processed. A
movement measurement device utilizing an optical sensor is described in the document US
2009/0248351. A mobile element moves in a direction perpendicular to the direction of emission of a
light beam and a linear 150ptical sensor with a pixel array of CCD (Charge-Coupled Device) type or

CMOS (Complementary Metal Oxjge Setnicrodesetyne storepibesiarg obtained in this way relating
to the luminous flux transmitted and partially blocked by the mobile element. The analog information
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10 processed.

A movement measurement device utilizing an optical
sensor 1s described in the document US 2009/0248351. A
mobile element moves in a direction perpendicular to the
direction of emission of a light beam and a linear

15 optical sensor with a pixel array of CCD (Charge-Coupled
Device) type or CMOS (Complementary Metal Oxide
Semiconductor) type stores the data obtained in this way
relating to the Hluminous fTlux transmitted and partially
blocked by the mobile element. The analog information

20 from the sensors i1s converted iInto digital data that is
integrated into a calculation module that determines the
position of the mobile element from the latter data.

Such a device has disadvantages, 1iIn particular
conversion of all of the analog information from the

25 sensor into digital data. Analog noise is added to the
errors and to the digital conversion noise. This
undesirable noise limits the dynamic (signal to noise
ratio) of the measured signal. Furthermore, conversion
necessitates a non-negligible calculation time and a non-

30 negligible calculation capacity.

In particular, when the device 1i1s used 1iIn a
microphone, the background noise and analog-digital
conversion are considered the main factors limiting the
dynamic.

35 It would therefore appear advantageous to




To this end, the invention proposes a device for measuring movement of a mobile element moving in
at least 5one direction, comprising: - a light source adapted to emit a light beam; - at least one
optical member adapted to intercept the light beam and attached to said mobile element to track its
movement; 10- at least one pixel type sensor adapted to capture the transmitted beam determined by
the relative position of the optical member relative to thge light source, the pixels being disposed so that
at least some of them receive illumination that varies with the position of the 15mobile element as it
moves; - a comparator module adapted to compare the values obtained from the pixels of said at
least one sensor with two distinct thresholds and to assign them logic values so that: 20- all luminous
values below the firgiihkasheldaie aspigned thy/pampdiratingie vale: to 1ahiniagusivlpes
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does not necessarlily correspon onversion of the analog signal received by the sensor into a
digital 35signal. Thus the deviEGBhosupeRi@dantpdntReemit a light beam;

- at least one optical member adapted to intercept
the light beam and attached to said mobile element to
track 1ts movement;

10 - at least one pixel type sensor adapted to capture
the transmitted beam determined by the relative position
of the optical member relative to the light source, the
pixels being disposed so that at least some of them
receive i1llumination that varies with the position of the

15 mobile element as i1t moves;

- a comparator module adapted to compare the values
obtained from the pixels of said at least one sensor with
two distinct thresholds and to assign them logic values
so that:

20 - all luminous values below the first threshold are
assigned the same first logic value;

- all luminous values above the second threshold
are assigned the same second logic value;

- all luminous values situated between the two

25 thresholds are respectively assigned a conversion of that
value representative of that value adapted to be
processed by the calculation means; and

- a calculation module adapted to determine the
position of the mobile element from the data from the

30 comparator module.

The use of a comparator module enables assignment
to some pixels of the sensor of a logic value that does
not necessarily correspond to the conversion of the
analog signal received by the sensor iInto a digital

35 signal. Thus the device is not dependent only on the



3 performance of a converter or of associated calculation means. Because of this, the calculation
times necessary 5 for determining the position of the mobile element are reduced, and likewise the
associated calculation power. The transmission of the data can thus be simplified and its speed
increased. It will be noted that, additionally, the accuracy 10 of the determination of the position of the
mobile element is then dependent only on the numberﬁf pixels chosen and that it suffices to increase
this number to improve it. In particular, the first logic value may be the 15value 0 and the second logic
value may be the value 1. These thresholds may take any value between 0 and 1, in particular a
first threshold for example between 0 and 0.5 and a second threshold between 0.5 and 1. The first
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The transmission of the data can thus be simplified and
Its speed increased.

It will be noted that, additionally, the accuracy

10 of the determination of the position of the mobile
element i1s then dependent only on the number of pixels
chosen and that it suffices to increase this number to
improve it.

In particular, the first logic value may be the

15 value 0 and the second logic value may be the value 1.

These thresholds may take any value between 0 and
1, in particular a first threshold for example between O
and 0.5 and a second threshold between 0.5 and 1. The
first threshold i1s equal to 0.1 and the second threshold

20 i1s equal to 0.9, for example.

This notably makes i1t possible to determine
accurately the position of the optical member by
converting only a few analog values, which limits the use
of the converter at the same time as improving the

25 overall accuracy of the device.

In one particular embodiment, the optical member
comprises a mask at least part of the contour of which
forms a non-zero angle with said at least one direction
of movement of the mobile element.

30 For example, the mask is a single piece mask the
movement of the contour of which relative to the light
source causes the i1llumination received by the pixels of
the sensor to vary.

Alternatively, the mask 1i1s a mask including an

35 opening or a slot movement of the internal contour of



4 which varies the illumination received by the pixels of the sensor. In another particular
embodiment, the optical member is adapted to reflect a part of the light beam. 5 In this case the
so-called reflection optical member reflects as a function of its movement a variable part of the light
beam. Each reflected part of the light beam is then projected onto the sensor. According to one
possible feature, the device 10 further includes a second optical member adapted to dimension the
image of the contour of the first optical member and to focus it. The use of such a supplementary
member enables enhancement of the quality of the image received by the 15 sensor, in particular
when this member is placed on the optical path between the first optical member and the sensor. To

this end, this segai¢RPHLaF Mbends PNBtikieh el any Peaas Jeidfossingheedi prings olo¥zing this

image of the firs&qgti%% member on the 20sensor, such as lenses, optical fibers or mirrors.
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According to one possible feature, the device
10 further includes a second optical member adapted to
dimension the image of the contour of the Tfirst optical
member and to focus it.

The wuse of such a supplementary member enables
enhancement of the quality of the image received by the

15 sensor, iIn particular when this member i1s placed on the
optical path between the Tirst optical member and the
sensor. To this end, this second optical member is
constituted of any means for focusing, redirecting or
sizing this i1mage of the fTirst optical member on the

20 sensor, such as lenses, optical fibers or mirrors.

According to one possible feature, the sensor is a
linear optical sensor formed of at least one row of
pixels disposed In a linear pattern.

In this way, the position of the optical member may

25 be simply determined by calculating the distance between
the pixels marking its contour. Other arrangements of
pixels may nevertheless be envisaged.

To correct any errors linked to positioning or
calculation errors, trigonometric correction of the

30 movements of the optical member iIn directions other than
that of the measured movement is effected.

Here the expression trigonometric correction refers
to determining (calculating) sensor positioning errors by
observing the deformations of the projected 1image

35 relative to the sensor and deducing from them the angle



of rotation of the sensor relative to its point of attachment to the mobile part. The term
trigonometric stems from the fact that to this end trigonometric mathematical relations well-known 5in
themselves are used on the contour of the image as projected. If the optical member has two
parallel contours the distance between which is known beforehand, for example, the latter distance
could be calculated and confirmed by 10measuring the-distance between the contours of the image
formed on the optical sensor. The absence of angular movement about its point of attachment to
the mobile part, in other words the absence of positioning errors, is characterized by an undeformed
15image projected onto the sensor. Conversely, the geometrical deformation of the observed

image will enablgfcal¢dgtiar ohtheFngler rosdipsdelativeratieaonipal Rasitiopysing trigpnometric
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of the optical mémber onto the sensor or, where appropriate, the relative distance of a plurality of

contours, enable verificdtith Jend ditigRarpaEyiGadEangiciiresokhgadasd cdirédiohQhereof.
Other correctionthgthodadmplyingaradmdatidcredantiancyt fdditiorol agipamenialy plketsvor

calibratiog of thg Fle@raiRkIRLE 2% pevaibisipsahe eapeidest I s yay R analagdliod
conversion is not 3Q necessary because the information from the comparator is a logic'value and thus
directly digital, dNEBREG FRftation of errors linked to the converter. Thus the transmission of data
can be simplified and itsldpeienoetsecd.l35amaetcuasthewirsplageMaetde caytlmuthe the
distance between which i1s known beforehand, for example,
the latter distance could be calculated and confirmed by

10 measuring the distance between the contours of the image
formed on the optical sensor.

The absence of angular movement about i1ts point of
attachment to the mobile part, iIn other words the absence
of positioning errors, i1s characterized by an undeformed

15 image projected onto the sensor.

Conversely, the geometrical deformation of the
observed image will enable calculation of the angle of
rotation relative to the nominal position using
trigonometric relations.

20 The optical laws concerning the projection of the
shape or the inclination of each contour of the optical
member onto the sensor or, where appropriate, the
relative distance of a plurality of contours, enable
verification of the data obtained by mathematical

25 formulas and correction thereof. Other correction methods
implying calculation redundancy, addition of
supplementary pixels or calibration of the elements used
may nevertheless be considered.

In this way an analog-digital conversion 1is not

30 necessary because the information from the comparator is
a logic value and thus directly digital, enabling
limitation of errors linked to the converter.

Thus the transmission of data can be simplified and
Its speed increased.

35 In particular, the first logic value may be the



6 value 0 and the second logic value may be the value 1. In this particular instance, the threshold is
equal to 0.5. This notably enables accurate determination of the position of the optical member by
converting only a few 5 analog values, which limits the use of the converter at the same time as
improving the overall accuracy of the device. Once again, transmission of the data can be
simplified and its speed increased compared to prior ag 10systems. In particular, the first logic
value may be the value 0 and the second logic value may be the value 1. These thresholds may take
any value between 0 and 1, in particular a first threshold for example between 0 and 15 0.5 and a
second threshold between 0.5 and 1. For example, the first threshold is equal to 0.1 and the second
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microphone including 30a movement measuring device of the invention. The invention
concerns a movERfenBABEsHHEEMAEth8BRAYAIRG thERIRVMAE 3ldhs 2CEMRaSY a fdht BBEm;

device.
Once again, transmission of the data can be
simplified and i1ts speed increased compared to prior art

10 systems.

In particular, the first logic value may be the
value 0 and the second logic value may be the value 1.
These thresholds may take any value between 0 and 1, in
particular a TfTirst threshold for example between 0 and

15 0.5 and a second threshold between 0.5 and 1. For
example, the Tfirst threshold i1s equal to 0.1 and the
second threshold i1s equal to 0.9.

In order to obtain accurately the physical position
of each pixel of the sensor, the device further includes

20 a module fTor addressing pixels of said at Ileast one
sensor according to the logic value that has been
assigned to them.

This makes it possible to facilitate the
calculation of the position of the optical member.

25 To detect any errors, the addressing values of the
pixels the captured values of which are situated between
said Tirst and second thresholds are compared to the
number of pixels counted iIn each group.

The 1nvention also concerns a microphone including

30 a movement measuring device of the invention.

The 1i1nvention also concerns a movement measuring
mmethod including the following steps:

- emitting a light beam;

- positioning an optical member  adapted to

35 intercept the light beam and connected to said mobile



- positioninganopticalmemberadaptedto 35intercept the light beam and connected to said mobile 7
element to track its movement; - capture by a pixel type sensor of the transmitted beam
determined by the relative position of the optical member relative to the light source, the pixels being 5
disposed so that at least some of them receive an illumination varying with the position of the mobile

element as it moves: - comparing the values obtaiged by capture with two distinct thresholds to
assign them logic values so that: 10- all luminous values below the first threshold are assigned the
same first logic value; - all luminous values above the second threshold are assigned the same

second logic value; - all luminous values situated between the two 15 thresholds are respectively

assigned a conveysiparf tha) Vel kereseniategehtipat value adapted to be processed by the
calculation means; and __ - determining the position of the_mabile element from the _data from the
comparator module. 200the? (fé{'l}raesba/n adkan e!g(ra}:sy\ﬁl‘ﬁ bse%ﬁgn%rap%?arﬁﬁn ﬁg r?%@r’se{o%qhe
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measuring devigh aNEIRVetPN that at least some of them receive an
illumination varying with the position of the mobile
element as it moves:

- comparing the values obtained by capture with two
distinct thresholds to assign them logic values so that:

10 - all luminous values below the fTirst threshold are
assigned the same first logic value;

- all luminous values above the second threshold
are assigned the same second logic value;

- all luminous values situated between the two

15 thresholds are respectively assigned a conversion of that
value representative of that value adapted to be
processed by the calculation means; and

- determining the position of the mobile element
from the data from the comparator module.

20 Other features and advantages will become apparent
in the course of the following description, which 1is
given by way of nonlimiting example and with reference to
the appended drawings, in which:

- Figure 1 1s a diagrammatic perspective view of

25 a movement measuring device of the invention;

- Figure 2a 1s a diagrammatic view of the
projection of the i1mage of the optical sensor onto the
sensor of the device of the iInvention and pixels of the
same sensor, the optical member being iIn a TfTirst

30 position;

- Figure 2b 1s a diagrammatic view of the
projection of the i1mage of the optical member onto the
sensor of the device of the iInvention and pixels of the
same sensor, the optical member being In a second

35 position;



Figure 2a is a diagrammatic view of the projection of the image of the optical sensor onto the sensor of
the device of the invention and pixels of the same sensor, the optical member being in a first
30position; Figure 2b is a diagrammatic view of the projection of the image of the optical
member onto the sensor of the device of the invention and pixels of the same sensor, the optical
member being in a second 35position; 8 Figurg 2c is a diagrammatic view of the projection of
the image of the optical member onto the sensor of the device of the invention and pixels of this same
sensor, the optical member being in a third 5position; Figure 3a is an alternative to Figure 2a,
the optical member having a different shape and the pixels of the sensor being aligned in a horizontal
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the plxel%belngdgg |gurat|on corresponding to a first embodiment; 20 Figure 4b is a
diagrammatic view of e projection of the contour of the image of the optical member onto the sensor
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- Figure 3c is an alternative to Figure 2a, the
optical unit having a different shape and the pixels of

the sensor being aligned in a horizontal direction;

15 - Figure 4a i1s a diagrammatic view of the
projection of the contour of the 1image of the optical
member on the sensor of the device of the invention and
of pixels of the same sensor, the pixels being In a
configuration corresponding to a first embodiment;

20 - Figure 4b i1s a diagrammatic view of the
projection of the contour of the image of the optical
member onto the sensor of the device of the invention and
pixels of the same camera, the pixels being iIn a
configuration corresponding to a second embodiment;

25 - Figure 4c i1s a diagrammatic view of the
projection of the contour of the image of the optical
member onto the sensor of the device of the invention and
the pixels of the same sensor, the pixels being iIn a
configuration corresponding to a third embodiment;

30 - Figure 4d 1i1s a diagrammatic view of the
projection of the contour of the image of the optical
member onto the sensor of the device of the invention and
of pixels of the same sensor, the pixels being In a
configuration corresponding to a fourth embodiment;

35 - Figure 4e i1s a diagrammatic view of the



9 projection of the contour of the image of the optical member onto the sensor of the device of the
invention and pixels of that same sensor, the pixels being in a configuration corresponding to a fifth
embodiment; 5 Figure 4f is a diagrammatic view of the projection of the contour of the image of the
optical member onto the sensor of the optical device of the invention and pixels of the same sensor,
the pixels being in a configuration corresponding to a gjxth embodiment; 10 Figure 5a is an
enlargement of a detail from Figure 2a; Figure 5b is an alternative to Figure 5a, the optical
member having a contour transverse to the horizontal; and 15Figure 6 is a block diagram illustrating
the relations between the various modules of the invention. The movement measurement device 1
shown by way gh exgewta bnFigFe tircluggn eslaasioane BBt spyiese2, e ORtical BHEEEA R
connected 02 MORHE PB g PRC2LEIRE e B oM oL MR PRATRRS ST Agensor &
and analysis means 8 (represented diagrammatically here and not in_its final implementation form).
The light sourcePd ¥fdetes aFixeByht AR FSRNHAY an dbfital PAKEA SrddiadMe cdtured by the
25 sensor 6. cdmEilght seime Comespyrabieto emitatfdFtonemvavhlpegtb;adapted to the
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light beam 9 that it generates is prefera f homogeneous’intensity in space and constant intensity in

y
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laser 10. Other §RlyHPRS BIRYAIREPHISRORS. BPWEMB same sensor, the pixels being
in a configuration corresponding to a sixth embodiment;
10 - Figure 5a i1s an enlargement of a detail from
Figure 2a;

- Figure 5b is an alternative to Figure 5a, the
optical member having a contour transverse to the
horizontal; and

15 - Figure 6 is a block diagram illustrating the
relations between the various modules of the iInvention.

The movement measurement device 1 shown by way of
example in Figure 1 includes at least one light source 2,
an optical member 4 connected to a mobile part 5 of the

20 element the movement of which iIs to be measured, a sensor
6, and analysis means 8 (represented diagrammatically
here and not in 1ts final implementation form).

The light source 2 creates a fTixed light beam 9
following an optical path in order to be captured by the

25 sensor 6.

The light source 6 i1s notably able to emit at least
one wavelength adapted to the sensitivity of the sensor,
likewise i1ts power, in order to exploit a large part of
i1ts dynamic range.

30 The light beam 9 that i1t generates is preferably of
homogeneous intensity in space and constant intensity in
the measurement time of the sensor 6.

Alternatively, the light beam 9 may be more intense
in some particular areas.

35 In the embodiment shown 1in Figure 1, the light



In particular, it may be an LED, a laser diode or a laser diode strip, a telecentric laser, a pulsed laser, a
5 laser line generator or combinations of any of these solutions with one or more lenses, an optical
fibre assembly, an optical fibre taper, a collimator, one or more mirrors. The light source 2 may
optionally be associated 10 with one or more optical devices 12 enabling a more homogeneous light
beam 9 to be formed, sized, deformed or directed. In embodiment shown in Figure 1, the optical
device 12 is a lens. In other embodiments that are not shown, the light 15 source 2 is duplicated to
generate parallel luminous planes toward a plurality of sensors or a sensor with a plurality of rows of
pixels. This light source is or these light sources are notably adapted to emit a plurality of wavelengths

or luminous plargs ¢cdiffgient 2@ iRengépe imesier Kaisairoe theoetiakilityof tha 6ABSfalp
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directed. In the embodiment shown 1iIn Figure 1, the
optical device 12 is a lens.
In other embodiments that are not shown, the light
15 source 2 is duplicated to generate parallel Jluminous
planes toward a plurality of sensors or a sensor with a
plurality of rows of pixels. This light source 1is or
these light sources are notably adapted to emit a
plurality of wavelengths or luminous planes of different
20 intensities iIn order to improve the reliability of the
sensor. In particular, each wavelength emitted by the
source or sources is chosen to limit interference with
ambient light.
After passing through the lens 12 or any of the
25 other optical devices cited above, the light beam 9 is
intercepted on its optical path by the optical member 4.
The optical member 4 i1s an element fastened to or
forming part of the mobile part 5 the movement of which
to be measured. It is preferably made from a rigid,
30 opaque or reflective material (or one having a reflective
coating), or a material diverting light (optical fTibre)
depending on the various embodiments. It is preferably of
negligible mass compared to the mass of the mobile part
in order to limit any influence that i1t could have on its
35 movement.



In this way, as it moves, the optical member 4 blocks a variable part of the light beam and delimits a
variable area that will be referred to hereinafter as the 15 shadow area. Each part that is not blocked
is then projected onto and captured by the pixels of the sensor 6. In a first alternative embodiment
that is not shown, the optical member 4 comprises reflection means 20 such as one or more mirrors in
order to reflect a variable part of the light beam 9 as itj] oves. Each reflected portion of the light beam
9 is then projected onto the pixels of the sensor 6. In all cases, the dimensions of the optical member
25 4 are chosen so that the maximum length and the thickness of the shadow area or the luminous
image projected onto the sensor are appropriate to the dimensions of the total sensitive surface of the

sensorc.i For elxample, inthe er@mﬁ'@ggtgm@m?él} Figprei%l ggdgq ﬁp&ﬁ@dneligberdﬁ ?mafﬁﬁh ;s ,
centred on a linear sensor comprising 256 pixels, each, pix in guare with a.side length of 1
pm. In p%%%%%'rﬁth@aigmegpne %@ﬁ%ﬁvg %hl‘llllgl Ees‘glsnl%:ﬁ%'éﬂhé) fi‘gh@frncq)gnnﬁ 1vAtTs
projected 350nt6 thedtRsAt@VENRNE a Gleatifbrtidn BA 8ltewHAd 8fl kolthdSentiife daHNof the

pixels of the senshaffie.  IThe dkYicechswy,alsehrcludbanrethei aptiodd eith bethweeoiitd oatical

member 4 and ﬁlﬂgnﬁ? pon6 ﬁsfi@‘iﬁfgiggbprﬂﬁ%pgégﬁg]bgﬁésﬁ tﬁqpqﬂg fdvhich is 5 notably to
enhance the quality of the image received by the sensor.  _ In particular, this projection optical
member 10 comprises, iHE‘JiviHﬁﬁlly SPRPEIBMGcN AN fr 1%&9&5'71"?9 fhe oEH@aI &n the

sensor, means foari0 rbdiravirg thedighi badiA in llea direttien ofpthecahsoné@nbead méarksfor
sizing the image,BEGOPISAMETREEF QEHRE SeRpw 6. 1ighth thecmbodiment sy infdgure 1,

the projection o%tlipoajl memger 1%is a Iano-ccirifzave lens.

ecte ransverse in a direction that iIs
10 advantageously perpendicular to the movement, i.e.
horizontal.

In this way, as 1t moves, the optical member 4
blocks a variable part of the light beam and delimits a
variable area that will be referred to hereinafter as the

15 shadow area. Each part that 1i1s not blocked 1is then
projected onto and captured by the pixels of the sensor
6.

In a Tirst alternative embodiment that 1is not
shown, the optical member 4 comprises reflection means
20 such as one or more mirrors iIn order to reflect a
variable part of the light beam 9 as it moves. Each
reflected portion of the light beam 9 is then projected
onto the pixels of the sensor 6.
In all cases, the dimensions of the optical member
25 4 are chosen so that the maximum length and the thickness
of the shadow area or the luminous iImage projected onto
the sensor are appropriate to the dimensions of the total
sensitive surface of the sensor.
For example, in the embodiment shown iIn Figure 1,
30 the optical member 18 pm high 1i1s centred on a linear
sensor comprising 256 pixels, each pixel being a square
with a side length of 12 pum.
In particular, the Ilight beam 9 <can have a
thickness such that the light from it that iIs projected
35 onto the sensor 6 covers a great portion or the whole of



150ther elements may be envisaged, however, such as a convergent or convex lens, a mirror, optical
fibre or an optical fibre taper. In the embodiment shown in Figure 1, as well as in Figures 2a-c,
3a-c 4a-f and 5a-b, the sensor 6 is a 20 linear optical sensor formed of at least one row of pixels
aligned or disposed in a linear pattern; in other words the pixels extend along a line to form a
continuous linear sensitive surface. The sensor 6 is pgsjtioned so that the movement of 25 the image
of the optical member 4 thereon is proportional to the movement of the mobile part 5 within the
measured spatial dimension or dimensions. The number of pixels of the sensor 6 is a function of
the additional digital accuracy required compared to a 30 single pixel. If this additional accuracy is of n

bits, the numberplpixels i tic sersa o 2e ASFOHEHWY IBrrdddiignalrecyeasygif &hits necessitates
256 pixels, for example The 5%585 6 is r]ost bﬁ)‘ ﬁCQEQe(CQﬁrgEAa%"“o"g&% é?x?e\ﬂ% ensor,a
iod

CMOS(Complementarngtaldg%agiS emidonaud or) sensor, a photodiode array type 'Sensor or an
electronic or opfEF¥BRItatdhgpOBEASH] Mmemares2a2tholBre8PRSABbNLof Tekhs@Bw area
14 projected by dipet dptidal peojess tiloom hignive t. 33 tibee fipunet ibe shaflowlaies 14iis a
rectanglezthe si ich are (o] e of xels.an i e = irection of
alignme?\:t_) of thﬁ] E’;g}gwcg trtliéase%pﬁ?égﬁtﬂ Filg%?e %%};ﬁegynoéiﬁ gapig]bghg@%ga ?ngéed(?e:tr?gl% psogéition, the
optical member Y€ i$8MH8dian position, and the shadow area 14 thus has a median position on the
array of pixels of the sedsor particulhaFigurd&RRbsthe ppjesitiemberpitisda h higénpasitiod,Gand the

shadow area 1445 {a¢7pdare POSIiRIRS d49Wrd Bie URRET RiXAIB PRARE SENSORBans  Ifdyigure 2c,

the optical memper 4 is in a low ositior% and the_shadow areaf'lﬁl is therefore placed towaypd the lower
sing the optical image on e sensor, means fTor

pixels on the se o5+6

10 redirecting the light beam 9 in the direction of the
sensor 6, and means for sizing the image of the optical
member 4 on the sensor 6.

In the embodiment shown in Figure 1, the projection
optical member 13 is a plano-concave lens.

15 Other elements may be envisaged, however, such as a
convergent or convex lens, a mirror, optical fibre or an
optical fibre taper.

In the embodiment shown in Figure 1, as well as 1in
Figures 2a-c, 3a-c 4a-f and 5a-b, the sensor 6 1is a

20 linear optical sensor formed of at least one row of
pixels aligned or disposed in a linear pattern; in other
words the pixels extend along a line to form a continuous
linear sensitive surface.

The sensor 6 i1s positioned so that the movement of

25 the 1mage of the optical member 4 thereon is proportional
to the movement of the mobile part 5 within the measured
spatial dimension or dimensions.

The number of pixels of the sensor 6 is a function
of the additional digital accuracy required compared to a

30 single pixel. If this additional accuracy is of n bits,
the number of pixels of the sensor is 2". Accordingly, an
additional accuracy of 8 bits necessitates 256 pixels,
for example.

The sensor 6 1i1s notably a CCD (Charge-Coupled

35 Device) sensor, a CMOS (Complementary Metal Oxide



Alternatively, the optical member 4 has two non- 20 parallel contours at a non-zero angle to the
direction of movement of the mobile element 5, for example the optical member the shadow area 14' of
which is represented in Figures 3a-3c. It will be noted that in these figures the direction of the
movement of the mobile element 5 is 25 perpendicular to that of the row of pixels of the sensor 6.
Here the shadow area 14' has the shape of a rectanglghollowed out by a triangle the contours of the
internal edges of which block the light received by the 30pixels of the sensor 6. Thus in Figure 3a
the optical member 4 is in a median position and the shadow area 14' therefore covers the peripheral
pixels and some of the pixels of the central part of the array of the optical sensor 6. 35In Figure 3b, the

o_pti(I:aI Timbergéﬁqi@@ﬁugg@tlﬁg?sg@{g;_ @nd tlﬁ gwt_ am%%?gﬁfotﬁggvegg_ﬁg@per&mﬁral
Ixels of the optic nsQro. - n Figure 3¢, ical m er 4 1s In a low position, an e
Shadow area f4a egrz%?oenég\r}ér% acfr';loé;f!31 5I$§1Ie §g(r)|€"”gegr‘§fj ;f)%g%‘:f‘ thgéa 8§8cra1 s?ensor 6 with the
exception of the medianfigeises 2apifferehQYosstblE @@rarRReAdRSS th® hrralst pigb1adPithe
optical sensor 6zarealesdriacojext tidhepaitiveloo grixaimeristshovwa if Fguréd gard0¥e and 4f,
the pixelg;are aljgnedjo o s (AEOUGhH IOy May e eispaed). ISR
mechanical correction of undesitable lateral movements of the optical member or gﬂ1er elements of

the device, overSARRn® Ind/BA R br e PR bRy nmhicthaRE 18dentBrs.PIXe EScirsly of
pixels is sensitivatoch diffeventadavete ntitie, fdm eeartiplen of alignment of the pixels

of the sensor 6.
In Figure 2a, the mobile part being In a median
10 position, the optical member 4 is in a median position,
and the shadow area 14 thus has a median position on the
array of pixels of the sensor 6.

In Figure 2b, the optical member 4 1is iIn a high

position, and the shadow area 14 is therefore positioned
15 toward the upper pixels on the sensor 6.

In Figure 2c, the optical member 4 is iIn a low
position, and the shadow area 14 1is therefore placed
toward the lower pixels on the sensor 6.

Alternatively, the optical member 4 has two non-

20 parallel contours at a non-zero angle to the direction of
movement of the mobile element 5, for example the optical
member the shadow area 14 of which 1is represented 1in
Figures 3a-3c. It will be noted that in these figures the
direction of the movement of the mobile element 5 1is

25 perpendicular to that of the row of pixels of the sensor
6.

Here the shadow area 14 has the shape of a
rectangle hollowed out by a triangle the contours of the
internal edges of which block the light received by the

30 pixels of the sensor 6.

Thus 1n Figure 3a the optical member 4 1is 1In a
median position and the shadow area 14° therefore covers
the peripheral pixels and some of the pixels of the
central part of the array of the optical sensor 6.

35 In Figure 3b, the optical member 4 1is iIn a high



Alternatively,intheembodimentsshownin Figures 4b, 4d and 4f, the pixels are inclined relative 20to
each other. In this embodiment, for which an enlargement of Figure 2a is shown in Figure 5a, the
contour of the shadow area and the sides of the pixels are parallel. They may nevertheless be oblique,
as in the embodiment 25shown in Figure 5b, for example. In these figures, the shadow area 14
moves with the mobile part 5 via the movement of the,gptical member 4, here along the vertical. Thus
the shadow area 14 illuminates different pixels of the Sensor 6 in each 30position. To be more
precise, in Figure 5a the shadow area 14, the height of which corresponds to one and a half pixels
(this height varies with the dimensions of the optical member 4) shades entirely the pixel 6.4 and

35shades partighydfia Piie! 6-anfihetvibersivio®. landeb-2.4.3, e reford 6cbd@ror thris part

totally illuminated hy-the light beam Q fromethe light source, 2. Each of the pixels 6.n is allocated
an analog or digf%%ﬁ'/ rhg'gé}ci) rfi)c()ﬁilsto%e i ﬁ? Pe’?tl:gllv%adISdSe‘:ingPe'g §y each pixel. Its value is then

analyzed by the analysid hefd98rf e caﬁ@f aQiHeateagi@Bhfint, ft erfdbled®aléulalioN of the
position of the meletdahy. aribe thee shaydic measurementhicersfies theosalewatdmoba digital
signal 10gepresenjtati t ibrati f ile gar iqure.§'s ogperatiqn of the
analysis ﬁeans%qviilavtle;%%fva iqfsh,) ﬁt%e‘g that tﬁ%u‘c)iqei.tltthsﬁwoé:%qﬁf ﬁ%te?‘tgr%@fesg m@ﬂes are

i
not necessarily Hi@pEXGERtAI Y JNR QA 4Rk ISto certain elements such 15as the
sensor. For example, the efifeesgirty npackigd ol barrangements of the array of

pixels of the optical sensor 6 are described next.
In the particular embodiments shown in Figures 4c,
10 4e and 4f, the pixels are aligned in two rows (although
more rows may be envisaged), in order to furnish a
mechanical correction of undesirable lateral movements of
the optical member or other elements of the device,
oversampling and/or 1improvement of the dynamic of the
15 sensor 6.
Each row of pixels 1s sensitive to a different
wavelength, for example.
Alternatively, in the embodiments shown in
Figures 4b, 4d and 4f, the pixels are inclined relative
20 to each other.
In this embodiment, for which an enlargement of
Figure 2a 1s shown in Figure 5a, the contour of the
shadow area and the sides of the pixels are parallel.
They may nevertheless be oblique, as in the embodiment
25 shown in Figure 5b, for example.
In these figures, the shadow area 14 moves with the
mobile part 5 via the movement of the optical member 4,
here along the vertical. Thus the shadow area 14
illuminates different pixels of the sensor 6 1iIn each
30 position.
To be more precise, iIn Figure 5a the shadow area
14, the height of which corresponds to one and a half
pixels (this height varies with the dimensions of the
optical member 4) shades entirely the pixel 6.4 and
35 shades partially the pixel 6.5. The other pixels 6.1,



integrated directly into the sensor. The electrical or digital values of the pixels of the sensor 6 are
transmitted to the comparator module 20 by an addressed parallel output, for example, or in the
20form of a pulse stream, as a function of the type of sensor used. The comparator module 20
sorts the pixels by comparing their analog or digital value to one or more thresholds. 25In a first
embodiment there is only threshold S, corresponding fgr example to half the light saturation value of
the pixel. The pixels delivering a value below this threshold S are considered as being exclusively
in a shadow area. 30 Their values are ignored and a logic value GB (bottom group B) is sent to the
counting module 22 for counting them. The pixels delivering a value above this threshold S are
considered as bging, exglugivelg is an dumingtefl I>ageaq FaeiFsrueRBrONS4ed aRtbe Ay value
G (high 16 arqy ) i stiodbe £0UnYg Mpchle 32 forounipgdniyne. 1 asecond
embodiment, the comparator module 20 sor e pixels by comparing them to two thresholds, a 5 low
threshold SB and a higHF@eéshefi sEnernie kixekire8rild prefardlgctrd paits a9akruedfom 0 to
0.5 times the lighi gattizdtion valleeof a pixepdetdvmaple Oto Thakecond ilyeshold-prafdrably
correspogds to f OR 10 1 time tpﬁ* ight rationy value of ixel, f pl a)p.9.

The pixelgs deIivgréllr?gHz?/% b _owe]t%e thres glg'Sleaa%rge c%%li%%re%gas Pc.'e%?]l %(T(]:ﬁjijv%e%? in8 shadow
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22 for counting measurement, it enables calculation of the position of
the mobile part 5. In the case of cyclic measurement, it
enables the calculation of a digital signal

10 representative of the vibrations of the mobile part.

Figure 6 shows the operation of the analysis means
8 via the various modules that i1t includes. It should be
noted that these modules are not necessarily independent
and may be integrated directly into certain elements such

15 as the sensor. For example, the addressing module may be
integrated directly into the sensor.

The electrical or digital values of the pixels of
the sensor 6 are transmitted to the comparator module 20
by an addressed parallel output, for example, or iIn the

20 form of a pulse stream, as a fTunction of the type of
sensor used.

The comparator module 20 sorts the pixels by
comparing their analog or digital value to one or more
thresholds.

25 In a first embodiment there is only threshold S,
corresponding for example to half the light saturation
value of the pixel.

The pixels delivering a value below this threshold
S are considered as being exclusively In a shadow area.

30 Their values are ignored and a logic value GB (bottom
group B) i1s sent to the counting module 22 for counting
them.

The pixels delivering a value above this threshold
S are considered as being exclusively in an illuminated
35 area. Their values are ignored and a logic value GH (high



15them. The pixels delivering a value above the threshold SH are considered as being exclusively
in an illuminated area. Their values are ignored and a logic value GH (high group H) is sent to the
counting module 22 for counting 20them. Values between the two thresholds are sent to the
conversion module 26. They correspond to the partially illuminated edge pixels (6.4 and 6.5 in Figure
5a) that define the contour of the optical member 4. 25Fheconversionmodule26iseitheran
analog/digital converter in the case of an analog optical sensor or a digital/digital converter in the case
of a digital optical sensor or a sensor with integral converter. 30Thus the conversion module 26
converts the analog or digital value obtained from the analyzed pixel into a logic (digital) value that is

sent to the coungipgupodyje 33 Lameduls Jhéhecanlarespigy maslvie 24 golipsis the @deiess of each

pixel, in other words. its physical position on the sensor. The address is supplied by the sensor 6 or
obtained 5 by i entification of the parallel outputs of the sensor (independent outputs per pixel or per

group of pixels, to enablba HghSe FedHingaRRRNBG) End/dr thtaf PRy edtingetihey sQial data.
The collected infgmymetiontiretraibreitsd yytheeapatiggothien22td 0 thhe catntieghoddgle 22 counts

the pixel%and afg\gnng?@StH&raupéBas grf]l&wctg)n ﬂfiﬁ}? Iog}ﬁ_ HE E@nfﬂ]—lttedﬂetheﬁ jgarator

module 20. It also associates with them the information"coming from the addressing module 24. Thus

each pixel is as&Uig20Qdith PE&TeHaRbY AR RROPIGe T0 anvRLluasE 6P BN Rntibdiment with
two thresholds, thenlegictiaudkligbitathatanatigerpixat live co€ delivrkeglg vdioe bexaggrl the

thresholds SB afd;SH) PREAbIX&HGRIE CRRIFERMIONPCT Bircarsia ielimiGEpeSaohie oierps of
pixels. value from 0.5 to 1 times the light saturation value of a

10 pixel, for example 0.9.

The pixels delivering a value below the threshold
SB are considered as being exclusively in a shadow area.
Their values are ignored and a logic value GB (bottom
group B) i1s sent to the counting module 22 for counting

15 them.

The pixels delivering a value above the threshold
SH are considered as being exclusively in an illuminated
area. Their values are ignored and a logic value GH (high
group H) 1s sent to the counting module 22 for counting

20 them.

Values between the two thresholds are sent to the
conversion module 26. They correspond to the partially
illuminated edge pixels (6.4 and 6.5 iIn Figure 5a) that
define the contour of the optical member 4.

25 The conversion module 26 is either an
analog/digital converter in the case of an analog optical
sensor or a digital/digital converter iIn the case of a
digital optical sensor or a sensor with integral
converter.

30 Thus the conversion module 26 converts the analog
or digital value obtained from the analyzed pixel iInto a
logic (digital) value that is sent to the counting module
22.

Whatever the embodiment, 1in parallel with the

35 operation of the comparator module 20 and the conversion



At the end of this analysis cycle, the number, type and address of the pixels contained in each group
and their designation are sent to the calculation module 28. The calculation module 28 collects the
data from 25the counting module 22 and corrects any errors by
comparingtheinformationreceivedtoreference information and calculating its digital offset. A first
type of correction includes comparing the addressing yalues of the so-called edge pixels to the
30pixels counted in each group. If a disparity is detecfed, it is corrected by the calculation module 28.
Instead of this or in addition to this, the calculation module 28 uses the information from the memory
module 30 that contains reference data to compare 35it with the measured data. This information

corresponds  18qisctheclatas obtpined ytarekeimgbiltorril & inats é@fﬂ@w@spegii@na&ueag@ta is
reinitialized or sgo1ged for 5 n?)mgle durln% a c%hl%r'atlo P’ d)scedutg 9?11 g'furémen{ relatlvg to the
or

preceding position or a Rastrement of movement the data precedln measurement will be
used. ThememdMoBBRESVEanalsocontain  characteristics of the device 1 such as the dimensions

of the optical member 4 inel andirersdatd enshippd dediedsipnthe oferrsc: 6 oin pArtiadlaediuring
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interpolation model for the intermediate values. Su Interpolation employ sa mear 15 model o
includes optical GERSIGREIRA %’f‘él@&i‘éﬁh@ﬁusﬂﬁfoﬁm%%lsor per group of pixels, to’

enable a higher reading frequency) and/or obtained by
counting arriving serial data. The collected information
iIs transmitted to the counting module 22.

10 The counting module 22 counts the pixels and
assigns them to groups as a function of the logic value
transmitted by the comparator module 20. 1t also
associates with them the information coming from the
addressing module 24. Thus each pixel is associated with

15 an address and a logic value.

In the case of an embodiment with two thresholds,
the Ilogic values iIndicating an edge pixel (1i.e. one
delivering a value between the thresholds SB and SH)
notably enable confirmation of the correct delimitation

20 of the groups of pixels.

At the end of this analysis cycle, the number, type
and address of the pixels contained iIn each group and
their designation are sent to the calculation module 28.

The calculation module 28 collects the data from

25 the counting module 22 and corrects any errors by
comparing the information received to reference
information and calculating i1ts digital offset.

A Tirst type of correction includes comparing the
addressing values of the so-called edge pixels to the

30 pixels counted in each group. ITf a disparity is detected,
it 1s corrected by the calculation module 28.

Instead of this or iIn addition to this, the
calculation module 28 uses the information from the
memory module 30 that contains reference data to compare

35 it with the measured data. This i1nformation corresponds



Instead of this or in addition to this an autocalibration protocol is implemented in the device 1 to enable
account to be taken of wear, modifications of 20 the medium in which the measurement is effected
(pressure, temperature, etc.) or deformation of the optical member 4 or any other element of the
device. To this end information such as the rest position of the mobile part 5 and/or the
dimensions of the optical 25member 4 are updated pelrg)dically. Finally, the optical laws
concerning the projection of the contour of the optical member 4 enable verification and correction of
the data. In particular, trigonometric correction of the movements of the optical 30 member 4 in spatial
dimensions other than those of the measured movement may be effected.
Onceanyerrorshgyebgeacogeeted diraierlgulatigarmoghle 2@sleiaraningartie mixelsigceiMrg the
image of the copio pf e-onialypenber &, e gmage of s SYaYs hetusen g pyels, the
19 consecutive succession of'a pixel from one group and a pixel from another group indicates this
position. The firdiqixel @f@NHEgrodp ¥lRgitioR is SEddBHIERAR lodAHBRNA tHEcontb@ 5Irfthe case

of the embodimeeawitiréme threskelliattihese pixels ehe nofabicledkad fopiosie gooup essociated
ith th I t h h it '
With the yalues R%'Xé‘i?ﬂe‘iﬁér’i‘ﬁ’o Bies ﬁrﬁ\?emen “%ﬁ%e p%%fl‘t%” ofethe copyiur :éét gré,?qag@tccuracy

member 4 is determined and consequently that of the 10mobile part 5. In particu
of the calculatioRFASHIIEDRNT NI hBR NS&%he accuracy in bits of the conversion module 26 and n
is the number of pixels ifilke saidarasyr. Thenadedracy ofafie deviam is therkfwre 15mardasid relative

to the accuracy ghH1ee4€i¥e¥cs of the device 1 such as the dimensions of
the optical member 4 and another data enabling correction
10 of errors.

In particular, during calibration, the memory
modulle iIntegrates a reference calibration point or a set
of such points and an interpolation model for the
intermediate values. Such interpolation employs a linear

15 model or includes optical deformation or electronic
distortion models.

Instead of this or 1In addition to this an
autocalibration protocol is implemented in the device 1
to enable account to be taken of wear, modifications of

20 the medium 1In which the measurement is effected
(pressure, temperature, etc.) or deformation of the
optical member 4 or any other element of the device.

To this end information such as the rest position
of the mobile part 5 and/or the dimensions of the optical

25 member 4 are updated periodically.

Finally, the optical laws concerning the projection
of the contour of the optical member 4 enable
verification and correction of the data. In particular,
trigonometric correction of the movements of the optical

30 member 4 i1n spatial dimensions other than those of the
measured movement may be effected.

Once any errors have been corrected, the
calculation module 28 determines the pixels receiving the
image of the contour of the optical member 4. If the

35 image of the contour 1is between two pixels, the



module 26. The embodiments of the device and method described above are merely possible
embodiments of the invention, which is not limited to them. 20 20 CLAIMS 1. Device for
measuring movement of a mobile element moving in at least one direction, characterized 5in that it
comprises: - a light source adapted to emit a light beam; - at least one optical member adapted to
intercept the light beam and attached to said mobile ent to track its movement; 10- at least one
pixel type sensor adapted to capture the transmitted beam determined by the relative position of the
optical member relative to the light source, the pixels being disposed so that at least some of them
receive illumination that varies with the position of the 15mobile element as it moves; -a
comparator mo@sasdanien/@ cenreesdovaluse ARtaiBelTonTHumpigele ogsaid @t laast oge
sensor W|th_ two dis),ynft tt};legrtﬂol_ogsn%g éoras%gg then} Ir?@’i% vgtlggs 39ntp t: 2%—Sal,lltl%n|r_lou§ vglues
below the first tr‘i)rgsﬁold are assigned the sarme st logic vaﬁlj_e; - -al lumiRBUS vallies above the
second thresholfiidieasBiyrel tAE EameldiR0alIs@c ThRRS I B MimiksusehrEEatuatedih&ween

the two location of the contour.

5 In the case of the embodiment with two thresholds,
these pixels are notably Jlooked for 1i1n the group
associated with the values between the two thresholds.

Thus the position of the contour of the optical
member 4 1is determined and consequently that of the

10 mobile part 5.

In particular, the accuracy of the calculation
modulle 28 i1s N+n where N is the accuracy in bits of the
conversion module 26 and n is the number of pixels in the
said sensor. The accuracy of the device 1is therefore

15 increased relative to the accuracy of the conversion
modulle 26.

The embodiments of the device and method described
above are merely possible embodiments of the invention,
which is not limited to them.

20



25 thresholds are respectively assigned a conversion of that value representative of that value
adapted to be processed by the calculation means; and - a calculation module adapted to
determine the position of the mobile element from the data from the 30comparator module. 2.
Movement measuring device according to claim 1, characterized in that the optical member comprises
a mask at least part of the contour of which forms a ngpyzero angle with said at least one direction of
movement of the 35mobile element. 21 3. Movement measuring device according to claim 1,
characterized in that the optical member is adapted to reflect a part of the light beam. 4.
Movement measuring device according to any one 5 of claims 1 to 3, characterized in that it further
includes a second optical member adapted to size theaimegye of the contour of the first optical member
and focus it. 5. Movement measuring device according to any one 10 of claims 1 to 4,

characterized in that at least one sensor is a linear optical sensor formed of at least one row of pixels
disposed in a linear pattéen. DeVECRiovERtent RRAISUFAGUevibe\RBBEng BfanyPof Akl Eto
5,characterized é1 éwdiitapptied i tigonatmetiastormasonlrivetriovemeia cht e eitesd member

in directiqps oth%th@r%tpaﬁ Qf %{B?‘i‘%‘é@ movement. 7. Movement measuring device

according to any one of claims 1 to 6, characterized in that it further 20 includes a module for

addressing the pixels of safd 24 QAL W EERsFIARAESrdS SRtva of BdhEakeam: g Movement
measuring device accordirgtto begshemielaipt Ldal7, thataeteriadd irtdtht kdurieténcepds a

module for F:ounfwg pirew SRR Igélﬁa 22 PRS S5E80" oy MU AroURHFICOrdinN iatheir agdress
and the logic Vajéjrea%]lﬁt El%% br%:g\r}grﬁglrgp;ed to them.

10 - at least one pixel type sensor adapted to capture
the transmitted beam determined by the relative position
of the optical member relative to the light source, the
pixels being disposed so that at least some of them
receive i1llumination that varies with the position of the

15 mobile element as i1t moves;

- a comparator module adapted to compare the values
obtained from the pixels of said at least one sensor with
two distinct thresholds and to assign them logic values
so that:

20 - all luminous values below the first threshold are
assigned the same first logic value;

- all luminous values above the second threshold
are assigned the same second logic value;

- all luminous values situated between the two

25 thresholds are respectively assigned a conversion of that
value representative of that value adapted to be
processed by the calculation means; and

- a calculation module adapted to determine the
position of the mobile element from the data from the

30 comparator module.

2. Movement measuring device according to claim 1,
characterized in that the optical member comprises a mask
at least part of the contour of which forms a non-zero
angle with said at least one direction of movement of the

35 mobile element.



9. Movement measuring device according to either one of claims 7 and 8, characterized in that the
addressing values of the pixels the captured values of 30 which are situated between said first and
second thresholds are compared to the number of pixels counted in each group. 10.
Microphone characterized in that it includes a movement measurement device according to any one of
35claims 1t0 9. 22 11. Method of measuring the,movement of a mobile element moving in at
least one direction, characterized in that it includes the Tollowing steps: - emitting a light beam; 5-
positioninganopticalmemberadaptedto intercept the light beam and connected to said mobile element
to track its movement; - capture by a pixel type sensor of the transmitted beam determined by the

relative position of the ogtlcalMéQéﬁ@nhernf@Jﬁ[yp iﬁéh@@g}"ﬁt@ug@;@i@p Isteeirg dippoged so that
at least some of tﬁgm regglve n |Ilumm ontva%ng fﬁthe osmo 'Ihe,m c%cf el%mqentfﬁ)s it
hol

moves: - compari I%tﬁe valuts obtalned apture wit diStine thres 0 a55|gn em logic
values so that: Yaflastods pants ‘Bﬁlcﬂﬂﬁh i8b#hrb&§®d are assigned the same first logic value;
- all luminous values abagve thesepmditthreshsldrdepsdigniddhasavediegndogmyalusn0- all

luminousgyalueg,gitugtqd pewaen e Wo  characterized in that it further
includes a second optical member adapted to size the
image of the contour of the Tirst optical member and

focus it.
5. Movement measuring device according to any one
10 of claims 1 to 4, characterized iIn that at least one

sensor is a linear optical sensor formed of at least one
row of pixels disposed in a linear pattern.

6. Movement measuring device according to any of
claimss 1 to 5, characterized 1in that it applies

15 trigonometrical correction to the movements of the
optical member 1i1n directions other than that of the
measured movement.

7. Movement measuring device according to any one
of claims 1 to 6, characterized 1in that it Tfurther

20 includes a module for addressing the pixels of said at
least one sensor in the order of arrival of the data.

8. Movement measuring device according to any one
of claims 1 to 7, characterized 1in that it Tfurther
includes a module for counting pixels of said at least

25 one sensor fTorming groups according to their address and
the logic value that has been assigned to them.

9. Movement measuring device according to either
one of claims 7 and 8, characterized 1in that the
addressing values of the pixels the captured values of

30 which are situated between said Tfirst and second
thresholds are compared to the number of pixels counted
Iin each group.

10. Microphone characterized in that 1t includes a

movement measurement device according to any one of
35 claims 1 to 9.



thresholds are respectively assigned a conversion of that value representative of that value adapted to
be processed by the calculation means; and - determining the position of the mobile element
25from the data from the comparator module.

22

11. Method of measuring the movement of a mobile
element moving iIn at least one direction, characterized
in that it includes the following steps:

- emitting a light beam;

5 - positioning an optical member  adapted to
intercept the light beam and connected to said mobile
element to track i1ts movement;

- capture by a pixel type sensor of the transmitted
beam determined by the relative position of the optical

10 member relative to the Ilight source, the pixels being
disposed so that at least some of them receive an
illumination varying with the position of the mobile
element as i1t moves:

- comparing the values obtained by capture with two

15 distinct thresholds to assign them logic values so that:

- all luminous values below the first threshold are
assigned the same first logic value;

- all luminous values above the second threshold
are assigned the same second logic value;

20 - all luminous values situated between the +two
thresholds are respectively assigned a conversion of that
value representative of that value adapted to be
processed by the calculation means; and

- determining the position of the mobile element

25 from the data from the comparator module.





