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Pat ent Application No.: 92403280. 8 Transl ati on Publication no.:
0550300 The invention relates to acquisition and digitisation in three
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the sensors used to carry out this process have been relatively Iarge,

fragil e and conplex. One of the objects of the invention is to propose a
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example that of a numerically-controlled machine tool in order for the
laser plane to scan the part and thus allow progressive acquisition of the
surface of the part, in all three dimensions. The scanning process can

U equally be carried out by pivoting as well as translation of the sensor in
relation to the part; alternatively, the scanning movement can also be
obtained by keeping the sensor still and moving the part in relation
thereto, the part being in this case mounted on a remote-controlled cross
table, for example. '

To date, the sensors used to carry out this prbcess have been relatively
large, fragile and complex.

One of the objects of the invention is to propose a sensor structure making
it possible to miniaturise the sensor to a considerable extent, whilst
maintaining and even increasing its precision and resolution (“resolution”
being the size of the pixel of the system and "precision" being that which is
obtained, taking into account the digitisation and reconstitution stages;
the precision of position, as will be demonstrated, can be better than the
pixel, given the various types of processing carried out during the stage of
analysis of the laser path).
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2 The interest'in having a mniaturised sensor, besides the convenience
which it affords, is that it allows use 2hereof even in a greatly reduced
space, for parts of small dinmensions, surfaces which are difficult to reach
etc., i.e. _on each occasion when great precision is required in a reduced
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with the signiflcapt di neans t. the local energy density is
rel\afivelysgﬂgﬂrﬁ r?‘ﬁ%ﬁ%fa:@%%&?%@em%) whi ch neans that the |aser is
safe for the operator. Conversely, if the sensor could be mniaturised (in
particul ar | | I aftl St : - I r) and
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to produce a very fine path with a large depth of field, typically with a

lamellar beam of less than 0.2 mm thickness over a depth of field of 100
mm.

Y Moreover, as the lamellar beam is produced by static means (generally a
cylindrical lens) the spread of the beam combined with the significant
distance means that the local energy density is relatively weak (in the
order of 1 uW/mm?2) which means that the laser is safe for the operator.

o Conversely, if the sensor could be miniaturised (in particular by
integration of a laser diode to replace the He-Ne laser) and if the user
cannot or does not want to move it back in relation to the object, a
problem will arise with regard to depth of field because of focusing at a
much shorter distance (typically 10 cm instead of 1 m) with a
corresponding influence on the fineness of the beam, and hence on the
resolution and the final precision.

Moreover, the energy density, which varies inversely to the distance, will
increase significantly, thus making the laser dangerous if it comes near
the eye of an operator in the vicinity of the object.




3 The object of the invention is to preserve the advantages of existing
sensars, despite mniaturisation and the3mwch smaller physical distance
fromthe object. Essentially the invention consists of creating a virtual

di stance fromthe source  inside the sensor, so as to produce Substantially
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beam to be st Sensor cah aPso conprise at
| east one @hovetthe obisgck to be analysed and at a short dlstance therefrom: the said
laser source, producing a collimated rectilinear beam; optical means to
convert the said rectilinear beam into a plane lamellar beam; and means
for extending the optical path of the beam, comprising two fixed plane
— mirrors arranged opposite one another in such a manner as to produce a
plurality of reflections between an entry point and an exit point of the
beam. In this manner the low physical distance between the casing and
the object is compensated by a virtual optical distance, and thus the
depth of field of the effective region of the plane lamellar beam leaving the

casing is correspondingly increased.

It is advantageous for the entry and exit points to comprise optical means
for controlling the incidence of the beam, in such a manner as to adjust
the number of reflections between the two opposed mirrors, and for the
optical means converting the rectilinear beam into a plane lamellar beam
to be static means.

More particularly, the sensor can also comprise at least one detector block
abutting the light box and provided with an image-analysing photoelectric
element, and means forming an objective positioned in front of the said
image-analysing element.




abutting the light box and provided with an inmage-anal ysi ng photoel ectric
el ement, and neans form ng an objective ppsitioned in front of the said
|nage anal ysing el enent. 4 In this case, in accordance with an

advant ageous feature of the invention, neans are al so provided for relative
tilting of Inhthismage; ﬁnabgzeﬁdsgxcm withnani axlveaitageous feature ofethesinventiong t he

obj ecti ve. ' t

“nvent | on, RESERE AR5 brividbdtor felaite MHAR R nndebaBisThg eléinent

i nf or mat i oribreglatientoithe mﬁengcfgrmmgthb abjectiseer beam path on each |ine
of the image delivered by the inmage-analysing el enent, the said circuit

COI'T'pI’ISIﬂg an i nte I’atIO recelvin a he |n t_an electric S|gnal
represent atln/acer €| With & ‘i’&gﬁ' a\qV&ﬁ’ttag%‘é‘é$ ur9 JhEdnXeRHPH: AR to t he
potS| t It on beglagtroais citeudtdiscalsd roeitdd), smob:tﬂmetE Emﬁlideﬂna?tit{n t;q?ﬁe@ehtmg

out put an i na e accumul at ed, l.unin
oneray recopeaosidh §f HElasersBRs Bath A sk e OF FOF PRl AaiBE0t 8y na
del i vered bthet hr;ag@-tae@ljmlngrelenmgﬁ the saldgircndgeomprsingngnadntegrationput
the energy &a%@%c eac%’%%?ﬂe‘?ﬁph'ﬂ%ﬁ Efe%@ﬁ@tégﬂals}e}%soﬁégl GEMRAT 1 son

stage recei Vi ts” 1 nput he respectrve ut signals from
t hédi vi di n’@t§¥1§’é¥5 o hightireceivedy varuge a¢errding te hhaposition é)eslag d

conpari son edrdideff bhi the dfglyBedilingmutd delivefifl tbetm:foﬁ fijut ager beam
pat h, durl\r;ﬁ‘ scann of t

pa i, duri g SEaNge 81 LSl e Ol e bPBok TS G £ TROHNTER 0Lt e ngs.
F| g 1 | eceivedyrat dbliding stageafecaiving atrtheninpartdihdaeroergwi signahdelivered

ent 'dogt %ttﬁe ?glé(#ﬁhoﬁoé‘tagﬁg %&gaﬁt&gé' Er@gell%gg&i? e lnéhftl?é %ﬁé%}’ bei ng
aI ong |1 -11signal dgliveredoby tthe integrasioneatage; amcba qgmpamgon st%mmemmg
sect i onal va@&a&i of & iplts thXred Pe&ﬂ@e %ﬁi’cﬁ% élghﬁ%q?éﬂfiﬂf@di’vlaﬁl Q&%

i nventi on; IS a perspec vi @ e.various
menbers of an8 the delay stagé) ElepSWItC ?ng of the sa1 cgmpanson stage dEfind: ining
the position of the centre of the laser beam path, during scanning of the

line of the image.

One embodiment of the invention will now be described, with reference to
— the attached drawings.

Fig. 1 is a front elevation of a sensor in accordance with the
invention, with a light box and two adjoining detectors, the
assembly being mounted at the end of a movable manipulator

- arm
Fig. 2 is a lateral view, along II-1I of fig. 1, of the same assembly;

Fig. 3 is a schematic sectional view of the light box of the sensor in
accordance with the invention;

Fig. 4 is a perspective view showing the various optical members of
the light box;
Fig. 5 is a schematic sectional view of one of the detectors in the

sensor of the invention;




the light box; " Fig. 5 Is a schematic sectional view of one of the

detectors in the sensor of the ihvention;s 5 Fig. 6 is a schematic
sectional view of the objectivel/analysing device assenbly of the sensor of
fig. 55 Fi i s.,a diagram showi ng the manner in which |ack, of
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phot oel ectric el enentassenithlg sfethecdedisorfofdig. &; Is the general formof the
video signal of a scanning l[ine |eaving the photoelectric elenent. Fig. 9
is an electronic diagramof a circuit for analysing the said signal
al | owi ng exXfiga@ i on ds 4 diagram showimg tke endnngr ihevipichi lhicknofopredisionaser

beam path; Fig. 10 | ! Lagr ' i -iggﬁiaés pr oduced
inside the circuit ofaéclfg%pghralg?&é&l%0?%??2\/&5%%@3?3?%% variant for

i npl enenti ng the systRhRtosiecirigialemengdnthe datgetar; fig. 9 showing an

anal ogue version for analysis thereof. Fig. 1 shows the sensor of the
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acquire and di gi ti se leheing tlegphetocitetpic elentdig. surface thereof. The sensor
1 iks mounted on the end of a nmanipulator arm3, for exanple that of a

nunerical ly-control l ed machine tool, and it conprises a central nenber 100,

namely a | kg %ox eristat aleciranissliagesamof anpirenit foranalysing thesaid beam
|.e. of slight thi Ckr@%lgai éflowﬁﬂrxlgexﬁiicﬁkbh & infoHRheidh ﬁ%lpr‘gﬁéﬁﬂn efig.
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2). The inpact of the beagm on e surface of the part produces um nous
curved path 5, which Rasitigg) 9fitbe lgsenhgant Paef erabl y) two detectors 200,
eagh,of which conprises a canmera and electronic circuits for digitisation

and anal ySiﬁig(.)fIOt he ii@%ﬁrﬂi&%%fa@?am showing various signals produced inside
the circuit of fig. 9;

Figs. 11 and 12 show a digital variant for implementing the system for
analysis of the signal, fig. 9 showing an analogue version for
analysis thereof.

— , Fig. 1 shows the sensor of the invention, generally designated by the
reference numeral 1.

The said sensor is situated in close proximity to a part 2 for analysis, it
being sought to acquire and digitise the irregular shape of the surface
thereof. The sensor 1 is mounted on the end of a manipulator arm 3, for
example that of a numerically-controlled machine tool, and it comprises a
central member 100, namely a light box emitting a laser beam 4 which is
a plane lamellar beam, i.e. of slight thickness (cf. fig. 1) but of substantial
width (cf. fig. 2). The impact of the beam on the surface of the part
produces a luminous curved path 5, which is analysed by one or
(preferably) two detectors 200, each of which comprises a camera and
electronic circuits for digitisation and analysis of the image from the
camera. The two detectors 200 are advantageously provided in the form of
members adjoining the light box 100 and arranged on either side thereof,
so as to form a single assembly (the sensor 1) supported by the
manipulator arm 3. The use of two cameras makes it possible to reduce
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canera.’ The two detectors 200 are advantageously provided in the form of
menbey s adj oi ning the |ight .box 100 and g ranged on either side thereof, so
as to forma single assenbly (the sensor 1) supported by the mani pul at or
arm 3. The use of two caneras nakes it possible to reduce 6 consi derably
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The invention is particularly intended to resolve optical problems, namely
that of depth of field, appearing when the sensor is very close to the part,
i.e. when the value d/x is high, d (fig. 2) being the active depth of field 7

~ and x being the minimum distance between the sensor and the object. It
will be seen in particular that the value d/x can reach a level well above 1,
compared to values in the order of 0.1 to 0.2 in the known processes used
to date.

o

Figs. 3 and 4 show the structure of the light box 100 (fig. 4 shows only the
optical members contributing to formation of the beam).

The said light box essentially comprises a laser source 110, for example a
laser diode emitting a fine collimated cylindrical beam of a power in the
order of 3 mW. The beam strikes a cylindrical lens 120 transforming the
thin cylindrical beam into a flat beam (see fig. 4). Means 111 are provided
for X and Y co-ordinate adjustment of the exact position of the laser
source 110, so that the luminous spot is perfectly centred in the middle of
the cylindrical lens 120. The lens itself comprises means for fine control
of rotation (in the order of +5° or +10°) about its optical axis, so as to
control the inclination of the enlarged beam (lamellar beam) to its axis.



order of 3 nW: The beam strikes a cylindrical lens 120 transform ng the
thinycylindrical beaminto g flat beam (gee fig. 4). Means 111 are provided
for X and Y co-ordi nate adjustnent of the exact position of the |aser
source 110, so that the lum nous spot is perfectly centred in the mddle of
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optical path of the beam which process wll now be described in detail.
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The adjustable mirror 141 allows control of the number of successive
| reflections, by varying the angle of the first incidence of the beam on the
- mirror 142. The assembly is usually adjusted so as to obtain at least four
successive reflections, this number not being limitative in any way.

The mirror 144 allows adjustment of the perpendicularity of the beam
leaving the light box.

It will also be noted that the lamellar beam is generated in a purely static
manner, without any member such as a mobile mirror or the like; this has
a considerable number of advantages. Any danger to the operator is
eliminated (the luminous energy is spread over the width of the beam
instead of being concentrated on an intense mobile spot) no fragile
mechanical members are required, there is no need to provide
synchronisation, and precision is high (no vibrations or disruptions, etc.).

All the mirrors used in the light box are, of course, rectified mirrors of
optical quality, and the light box is hermetically sealed so as to prevent
any passage of dust or vapour into the path of the beam.



manner, w thout any nmenber such as a nobile mrror or the like; this has a
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(the luminous energy is spread over the width of the beaminstead of being
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2l d. The d e sensor will now be described. Fig. 5is a
sch tic i ‘grogttpgﬂa%?lghﬁ ‘internal structure of each of the two

detectors 200 whi ch conprise an entry glass 210 |l ocated in direct view of

the | aser ﬁiﬁehdé%;a 5 Q}‘t Bpﬁldé %Eﬁé&leﬁrtﬂil g#bvpi)et(ﬁ%cpi;f%?‘.w th the object. The

i mage of the pat eturne y a set mrrors 222 towards an
anal ysing bl ock 230 which converts the inmage into an el ectronic signal,

digitised gng, 5rigeescecmBYicAilRtration of ¢He ifitelal 8MAickdreYf each of the
two detectors 200, which comprise an entry glass 210 located in direct
view of the laser path formed by the intersection of the beam with the
object. The image of the path is returned by a set of mirrors 221, 222

— towards an analysing block 230 which converts the image into an

electronic signal, digitised and processed by a set of circuits designated by
the general reference numeral 240 and then sent via a link 250 to a
computing system for processing and reconstructing the image. Each of

\“ the detectors has, for example, the dimensions hx L x12 of 100 x 100 x
' 70.

The block 230, shown in greater detail in fig. 6, essentially comprises an
objective 231, with appropriate lens, diaphragm and filter, positioned in
front of a photoelectric element 232 to analyse the image, such as a CCD

I Translator's note - the abbreviation "h" stands for "height" ("hauteur”). The
abbreviations 1'and L must refer to width and length ("largeur” and "longueur”) but it is
unclear from the original which is which. Therefore the French abbreviations have been
retained to avoid error.

2 See previous footnote.



t he general reference nuneral 240 and then sent via a link 250 to a
conpt i ng 'system for processing‘and recogstructing the i mage. Each of the
detectors has, for exanple, the dinensions h x L x 12 of 100 x 100 x 70.
The bl ock 230, shown in greater detail in fig. 6, essentially conprises an

?bj ecti ¥e 6harge conpledr devricelt eCortro]l of ifemmsliimgntedm plakce oy, tramsidtooped i n
t ' ‘ t . ' CCD X
Tr ans! at or - SSFERETE o ufe BBV 25 1 hABR IS RubE 2o R oW 29, 30, 20

The abbreviations 1 and L nust refer to width and length ("largeur” and

the Br ench Boysrdaibe ieh tobatddliar Kaflichifitle MtIdD (I G0D e
oot note. | iniage ERabseNcis pPBRtER gp & lrabl RBeRbEn srisssg HespERaIEs by
transl at or ytodihepbpiieateatisaf; thieetiltirigenioveméldtlis immlidated by thoeur2o® Z36.r ow
234). In accordance with a particular feature of the invention, the CCD (or

ot her inmage analyser) is nounted to be tiltable about an axis 235

per pendi culfs figo 7t steowpit theatilting devicetdommpensates forvhedanlissin fodiusingd by

the arrow [ P t el o F CPRB

faylts in fcﬁ%zgﬁh&a%gx{rgﬁ?ﬁ}gstgf ost$<k|pnr§0;r ﬁq"g}tlﬂg)\ﬂggﬁéor aﬁgﬁ?ﬁﬁo@f‘gg .B?Two

poimts A arRP BbifiClalpcaicd @t thecaanedevd! inrelatian todhe horizontal: Wah ik faghe

gor It zo?t al ,px\t@ddcel ﬁ%ég@é_ aPROgHAR' ﬂ&@@?ﬁ@élpﬁ't?é{}ﬁoﬁ% di@c&fa@ 'mlehyi thepmo][e
i stant poin roduci ng _an_i.nmge ron e_jnor ca ane P o

the sensor Riodnctbgaty hpde? in sHtten the hned foal wBeqbof eBF SepBef Re-ang

t he cl oser thei focap ptaiue peppardicutgetdtiie optichk axis A) anddheptlaser point

tiliti.ng devj | Sanl reecl hi s anomal y by bringing

t he int%&gdﬁiﬁge%gﬂﬁgg%?’éf?‘#ﬂ%ghﬁr#@?%?.‘%lgﬁ%%and B . The effect of this

conpensation is to increase the overall depth of field of the optical

chse of an Lo HMngHAREPRTRIEAAGA IELINL B ohchCortE Bl ABBRMITDY, Terr] in

rel ation t PHRENGRE @% iPFféa&Iﬂ?PﬁleC@%’tt%%ﬂingftl'{q peintg A and By TRE or der

of 7[err], effect of this compensation is to increase the overall depth of field of the
optical system, since the corresponding focusing fault is being remedied.

In the case of an inclination o (figs. 1 and 7) of the optical axis, of 45° in

— relation to the vertical, the optimum extent of tilting B is in the order of 7°,
this value being dependent on the lens, the size of the CCD and the
dimension of the field, and various other parameters.

; Figs. 8 to 10 show a further aspect of the invention relating to the analysis
of the signal delivered by the CCD 232.

Fig. 8 is a schematised illustration of the (analogue} video signal V(t)
delivered for each scanning line of the CCD, with a signal between two
synchronising pulses, the amplitude of the said signal varying as a
function of the luminous energy received; the signal represents the path of
the laser beam.

. The purpose of the circuit is to determine the position of the laser path in
relation to the beginning of the line, i.e. the position of the energy peak
corresponding to the path (or, in other words, the value ¢ representing the
time which has elapsed since the synchronising pulse of the video signal



this val ue being dependent on the lens, the size of the CCD and the

di mension of the field, and .various ot helr paraneters. Figs. 8 to 10 show a
further aspect of the invention relating to the analysis of the signal
delivered by the CCD 232. Fig. 8 is a schematised illustration of the

(anal ogue) linefePheidiffidulyy therdds ithat ad perétleéi,OﬁheS dﬁes lnoteappedriay CCD,

i gnar var Binire S 9 shtfeR G Blb S5 BRrf 16 B el ERlemofEcRnat 87 (hE: ©

r epr esent sobliquitatof thfe irtoidence of beaibealhén pelatiosetmthe part,i diffraction t o
det erm ne *)ﬂ@neﬁﬁéﬂd Ciﬁté’ltfe}é}?r%é t@P@énBﬁE'inhHsre% ation to the beginning of
€.

the |ine, he position he energy peak corresponding to the path
(or, in other words, the value a representing the tinme which has el apsed

since the swaﬂmenemdws pavecerhn preposedefor Urddtilivocall@eterfiihatibieof the

difficulty here is .that t he path does not appear in the form
-of a suddeﬁ°g§§R°B$n$§°§&1‘g tb apaébrtal n extent, because of the

obliquity of the incidence of the beamin relation to the part, diffraction

pheno”ena Fthe%}rﬁ‘}IS ”%eﬁtﬁfg ald ﬁ‘;t%[d( ‘i’i%ft&{ gme%e" Erliat 'b%d&c&ﬁ%ﬁ RER"

qhgsed for uneq erm drres po rtron of the
path’ For éb@@plsb. iony of he fratitigwitl @aweﬁeonét@rmmmtanhhaﬂﬁwexmwwl ded

e e
direction g‘ﬁ%l\gt?lﬂ %?Ver%mg}ctﬁf’ﬁ @enﬂme&@‘émﬁ%&h%e spread
SL ) t Bgcz Iu gsignalsis wametticalaind édlsosdifficwltdiof ¢arry Iduttr gvfgre(rjy
AnotTer moPREguee st Qé?@%ﬂ!ﬁ%ﬁ?ﬁ%ﬂ?&‘ﬁ%ap (e BreSiERE B vk bRaiBel: 7o g

that the position of the path corresponds to the sign inversion of the

derived si gpghed %?&H% BOfsists of aliﬁé}‘én‘ii l’ié‘gfd}? élﬁﬁ\.ﬂ aitel «F@élﬁﬂ‘i‘g has

t he di sadvant age re-sup gom n rea ngna

subst ant i afhgt %til%lo t ﬁ@atgscqrﬁ@sweﬁs Qfhe smmm%e fer ent
derived signal. This method, as is the case with the previous method, has

the disadvantage of pre-supposing that the spread of the signal is _
substantially symmetrical, and has the additional disadvantage inherent
in any processing of signals which involves differentiation, namely that the

noise effects and various types of interference will be amplified.
' The invention proposes a different method of proceeding, essentially
consisting of integrating the video signal and deciding that the position of
L the path corresponds to the centre of energy of the video signal, i.e. the

location for which (see fig. 10a) the areas S; and S, are equal.

The principal advantage of this method is that it offers an excellent level of
immunity to noise, because of the integration.

Moreover, it can be carried out by a very simple analogue electronic
circuit, as shown in fig. 9.

The said circuit substantially comprises an integration stage 241 receiving
at its input the video signal V(t) (line (a) of the timing diagram in fig. 10)
and delivering at its output an integrated signal S(t) = jV(t) (the integrator
is reset to zero by the synchronising pulse of the video signal line).



I n any processing of signals which involves differentiation, nanely that

t he noi se effects and various types of ipterference will be anplified. The

i nvention proposes a different nethod of proceeding, essentially consisting
of integrating the video signal and deciding that the position of the path

cor r esponddheosaidesignat S¢) i$ appdicdytootwa isepaiatechbsnpleds, 242 @and 8431 dia¢ i on
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very sinpl eoniprieese @élaytlmm iprefdrably b, p rahﬁwabwdél - life, délayegd

circuit substa @%ﬁghﬁ rhse an.i naﬁﬁ'xat I on sta ?ﬁ Sie;iﬁ?w n |ts

i nput the VIR IaW (¥ ithE YeRab s smqrg a& 10 and
del i ver i ng signalssotaiped mr’thtmtrra;rra&:ed‘espgcﬂavelﬁ(sh)om Ion\/l{he) life&éb) ahdg{c)at or
[ tt

%ﬁergzsd sfbgf]tae %‘gﬁ?éﬁ?%ﬁﬁégfg Si(?vvo se ar agjghgraat}]sl:tﬂl g&g& c#tg%3 The
branch 242 iBp§siof @scamppagtos 27t wdiie hcnvu ﬂmnwlt%athbemomytdm put a
i:)grgf: sg»g t )v(r%lélﬂg zh@hfent 58) r,gzljgls&we: é’ftﬂé‘ﬁmo?h%@lat %(emgh tﬂéeaxkéra%rsg he
S|gnal S(t?SQJW%¥B 'oah émf] t‘#eth&'g ylé T"@("Y ﬁ} \é‘ﬁ{%‘l

si gnal s obt&thed tha&dﬁﬁﬁ*orramhebommmoraﬂe}ly shovvn on the lines (b) and
(c) of the timng diagramin fig. 10, are then applied to the two

respective inputs of a conparator 244 which will then switch at the nonent
( to withi n The dalay sof jiie delay line)243 ieselentedrsams toabe @it least ¢nnalr teathes]

S2 are he
TS e i i s o
delay |ine ‘4@35%41:«3‘0@ g IBBSEBCt% %‘éeﬁtaqq)éﬁg%n&ﬁﬁl emlmum oadest video

si gnal repr}ﬁ%@lﬁ'&t@bld@pﬁéad bethe@pethpaténefilph) 4 saliekef 5016 10D apdgunt er ed,
i.e. it must tb é’ ected according to the naxi mum predictabl e spread of t he
pat h. Generg' %? T¥alue of 50 to 100 ns is satisfactory. It is also
"possible to carry out the process in digital form as will now be

It is also possible to carry out the process in digital form, as will now be
described with reference to figs. 11 and 12.

— In this case the analogue video signal V(t), an example of which is given in
fig. 11a, is firstly digitised by an analogue/digital converter 245, which
can be incorporated either in the sensor (allowing greater immunity to
noise) or in the camera itself, in the case of a component with a direct

. digital output.

The digital signal obtained, Bj(t) shown in fig. 11D, is represented for each
video line in the form of a series of successive samples of the value Bj,
digitisation of this value generally taking place over 8 bits. The first
sample which is not zero is the Pth, and the last is the Qth. The
processing consists of discovering which is the Mth sample corresponding
to the centre of energy of the video signal (i.e. the point at which the areas
S; and S,, after digitisation, are equal) and discovering the position of the
said centre of energy within the Mth sample, i.e. the value m, is between 0
and 100%, shown in fig. 11b.

The said value m is determined in the following manner.



descrlbed W th reference to figs. 11 and 12. In this case the anal ogue
video signal V(t), an exanple of. which 12 given in fig. 1 la, is firstly.
di gi t'i sed by an anal ogue/digital converter 245, which can be incorporated

either in e sor QW reter tp nois in.th amer a
Ctselt, 1 NGl Eenes 5, O MR SRR of (B Frlshefapsl to IV an e ah;

di gi tal siignal obtained, Bi(t) shown in fig. 1 1b, is represented for each
video line in the formof a series of successive sanples of the value Bi,
digitisation of this val @ generally taking place over 8 bits. The first
sanpl e which is not ﬁr?&the pth, and the last is the Qh. The

processi ng consi sts vering which is the Mh sanple corresponding to
the centre of energy of fhe video signal (i.e. the point at which the areas
S1 and S2, after digitisation, are equal) and di scovering the position of

the said centre of energy within the Mh sarrple i.e. the value m is
b 0 o S
Che Tol | ouf Se Gabtte SFEHEBSPs lotarcd Ir? thd Banife b PR W RGP R AT, ' [

hat ched art@@x t g tpllqwmg relgtionship exets,@:fmmspmg thatetheesurfacefofdber gy i s
| ocat ed i hrleag SAMPiCe@Ral QMNY sHb@ICE o?theuzﬁ%;aéﬂr 10 1V ILQkLt hen the foll owing

rel\ari onshi p exists, expressing that the s ace of t reas | + Il is
equal to the sur_face of the areas IIl + IV [sic]: M1
Qlerr] P M1 [err] which@ n other terns could be witten:
M1 [err] P ZB +m.By = (l-m)BM+ZB1,

: M+l

" which in other terms could be written:

M-1

' 1
m.By = /2- 2, B, )
P

To this end, the digital signal B; leaving the converter 245 is applied to an
accumulating register 241 (acting as the integration stage which has the
same reference numeral in the analogue embodiment}; the accumulator
being a real-time adder wherein the output value will be an energy signal

\V - increasing over time (in a similar manner to the signal illustrated in fig.
10b in the analogue version). It will be noted that the sequence of
different steps only begins upon receipt of a sample which is not nil, i.e.
the pth éample, the appearance of which at the output of the converter
245 initialises and triggers a sequencing circuit 246, ensuring temporal
control of the various digital stages of the circuit.

The energy signal T at the output of the accumulator 241 is applied, on
the one hand, to a divider 242 to divide it in half and give a signal Z/2 (in
this digital variation, division by two is obtained simply by shifting one bit
to the right, hence by simple appropriate wiring), and, on the other hand,
to a shift register 243 acting as a delay stage. The size of the said shift



To this end, the digital signal Bi |eaving the converter 245 is applied to
an accunul ating register 241 (acting aslfhe int egration stage which has the
sanme reference nuneral in the anal ogue enbodi nent); the accunul ator being a

real -tine ' Uﬁcf)ﬁ | e ' err]

I ncr easi ngl%. ve%r\tﬂl]rgrél?t:&rﬁi ggsai m .a% a@%ﬁ%r%%% eﬂgﬁﬁ%%lgﬁlﬁ??ﬁ% 8_% in fig.
| b in thepixals ofihe videsi path whickiis likely tebedtnagamtered,ssajthatcit will

di fferent sdhRrDbOShdara@eiNs upon receipt of a sanple which is not nil, i.e.
the Pth sanple, the appearance of which at the output of the converter 245
initialises and triggers a sequencing circuit 246, ensuring tenporal

control ofThéeuvputoobtik divider 2820end ahetegister Q4Bt arel@ppiedtg\twa gnal

[err] at t, t put I r | ' n. (o] hand, to
a divi der ‘gi’éﬁg g #@gﬁﬂfmﬁﬁ?ﬁg}{f 48 &%ﬁ&% asa‘?"ahﬁsp‘ité’?f ﬁ ?“(tr e o

di gi tal veresuli ohthelsubtriastion wilhde segativs ande shefoowingis produyceste bit
to the right, hence by sinple appropriate wiring), and, on the other hand,
to a shift register 243 acth'wg as a delay stage. The size of the said shift
13 register is selected so to be at |least equal to the greatest nunber
of pi.xels of the%gdﬁaﬂat-tﬁm,ch Is likely to be encountered, so that it
wi I never be saturat ed. The outputs of the divider 242 and the register
243 are applied to two inputs of a subtracter circuit 244 acting as a
conparator; in fact, the result of the subtraction will be negative once
the foll ow | . [,eL; | ce the energy centre

poi nt haswbée]’g%ﬁépeagéggﬂg{a% %%térﬁe ﬁ%?xgs}{ae%’{)é?l’ép%%% at this instant (to

wi tthin the delay introduced by the register 243) that the position reached

L t\b'geci Sl oftfer! WBrd )t i kAGRHP at ‘Eﬁisfs irftaht Mo \ithindabarIA] ifttrclluded Us
t Ihe su b? p By éﬁe %ggir\s&}ekbggi/ Meﬂbe %E)gﬁmrll gesllc ae is prgcise y on %hg Tow rom
sample. '

This switching is detected by a status bit S, and the change in value
thereof indicates that at the output from the subtracter 244 the following
value is available:

N\
M1
2./2 - z Biv
P
o i.e. the value m.By from equation (1).

The value By is known from elsewhere, for example at the output from a
shift register 248 of the same size as the register 243 and receiving the
_successive samples B; at its input.

Instead of a digital division procedure to obtain the value m sought from
the product m.Byy (the other value M sought, namely the row of the

sample containing the energy centre point, being supplied directly by the
counting logic in the sequence controller 246), which is a solution which
would be difficult and costly to implement in real time, it is preferable to



vaI ue is available: [err] [err] [err]"i.e. the value m BMfrom equation
(1). The value BMis known from el sevx/nerk4 for exanple at the out put froma
shift register 248 of the same size as the register 243 and rece|V|ng t he

successi ve sa | es Bi its in | nst ead of a di di vi si o dure
to obtain tH¢ @E@W?oﬁbﬁ? 6&% o1 EPRiINIE the %Séwpg %Vﬁme%{ pbleach
Eought nanellie thetng @odett dﬂnansaght?mbyté}lay aguhbtiotnss GiBag mﬂ}eponet
ei ng supp [ sequen o
246), vhi CMd’aéé‘é‘%mﬁ%“@H%M%ﬁa% FrbrHes AleCkE BT et
in real tireach of bemightebittbyte; are appliedste theninputypaititsok cAztafdhe
cont ai ni ng 4, ﬂ3&§62 gpssible values of m (each value being coded on an

e

ei ght-bit byt a function of mBMon the one hand, and BM on the ot her
hand. These two | atter pieces of information, each of one eight-bit byte,

are appl i eqypontsieitth opﬂid\éﬁ'cﬁ\ﬂt 24¢, Qe ’t’ﬂ@lm eziting Bon tﬁ&'él?@l!litg of

et i o (8t BT R LR tm“i%%'k%ﬁ Zbiedaho, e

i s then obtthiereaivicrmmesihuzglet i ;s m dbtadned imanedixdejaandairectly Bt the data be
seqn, thi's AL gdtc llar formof inplenmentation of the circuit makes it

posSible to calculate in real tinme the position of the energy centre point
of the video signal, with very high precision (approximtely a tenth of a

ItO'h xel of [ oeg bay @@seéa? ‘dﬁ%ﬁiértm%l&f fieh %:f(i’{n eﬂflétn;tatlohtoi‘ megeli?r@ﬁﬁhgd t hat
e "o" stan ar c correct, translation ver,
this. vas ndPakss neseils ta e wils Gheeal e BiE positlon of the erlergy cefitie
\ point of the video signal, with very high precision (approximately a tenth of
a pixel of resolution, at least). :

3 Translator's note - it is suspected that the "o" stands for "octet” and the correct

translation is "Kbit". However, this was not confirmed by any reference work.
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Translation Claims 1. An optical sensor for three-dinmehsi'ondl $§hapes,

conprising a |laser source producing a plane lanellar beam (4) illum nating
the surfacMds GHRQIP(2BOPH8IREsuch a manner as t o WORDIZOER68RE68spam
object a lum nous incident curved path (5) analysed by at |east one video
camera producing in of B gital data repregentatiyve of
pi xel co- orgrrRhtE : : 03 > & (100) conpri stk F@n& atiqh e
sanme casing p05|t|oned above t he object to be analysed and at a short

di st ance t@ gﬁrom the said | aser source (110), producing a collimated
rectilinea optical neans (120) to convert the said rectilinear beam
into a plane lanellar beam and neans for extending the optical path of the

beam (140) pomm% awenébmk ﬁh%'&@d éﬁé’ibﬁaf gﬁapeyéa?f, sgﬁg%m.%?osite

one another in SUC rrann er as to pro uce ctions

bet ween an ent SPUSEE Mrodueing anplagns lamellay m(ﬂ)fAl}uﬁﬂnﬁﬁélgb@'&ﬁuﬁ@@uch a
magnteL as bt 0 tcmﬂmrlsbj@tz(gy int hatchom/m@ﬂﬁeﬁab tei ;ﬁbaut@:ﬁ dictheshid bdj §{§t5d|l ngt

an e objec a vir ica nec u es n o
i névease tJhe déBP%‘nSPSr‘P&F ?H@CLPFQEEI?\/%“?%@F Py (% leg's%m)(gp%ﬁgﬁ i

| anel | ar beam I(mnemprd:dmmrg inforatibrseoswerted intocdigitabt datai th cl ai m 1,

uher eln the entxebratih &ive dAkPpoAthinddd) ROIRLLAR-OR YA RS O

controlling the t he
nunber of refl dd00brempyisiag: in rtbetsmnwp@mg positiongdsabove the object to

Lw_ be analysed and at a short distance therefrom:

- the said laser source (110}, producing a collimated rectilinear
beam;

- optical means (120) to convert the said rectilinear beam into a
plane lamellar beam; and

U - means for extending the optical path of the beam (140)
comprising two fixed plane mirrors (142, 143) arranged
opposite one another in such a manner as to produce a
plurality of reflections between an entry point (141) and an
exit point (144) of the beam;

in such a manner as to compensate for the low physical distance
between the casing and the object, by a virtual optical distance, and
thus correspondingly to increase the depth of field of the effective
region (7) of the plane lamellar beam leaving the casing.

2. A sensor in accordance with claim 1, wherein the entry and exit
points (141, 144) comprise optical means for controlling the incidence
of the beam, in such a manner as to adjust the number of reflections
between the two opposite mirrors.



16 ' [err] [err] 3. A sensor in accordance w

ith claim1,
optical nmeans (120) to convert the rectijgnear beﬂwm“ull“ l

wherein the
| il
beam are static nmeans. 4. A sensor in accordance u

additionally conprising at |east one detector block (200) abutting the

| i ght box &nhd pr sensedimactorianceagitharlaimsl,mghpheinogiecoptical aeanen{l20332)
and means f or miBq. 3 ePPEE tARid &R BedASinth U il didhefkr Beablitre shic

i mage- anal ysi ng el ément . 5. Sensor 1n ‘accordance w clarm 4,
additional ly cdneamnsi ng neans for relative tilting of the imge-anal ysing
element in relation to the neans formng the objective. 6. A sensor in

accordance with claim4, additional] opprj si ng. an ectronig circuit to
extract thé-i nfbPRREPHIT ?%%‘P"é"iaé‘r?ﬁ ‘ﬁt}illt ﬁ@g%o& ?‘E&W%ﬁlﬁl@?%mS@A:ﬁFﬁﬁ‘f h on
each line of thmd da@etqieblockr(mdhabﬁitﬁrﬂgnﬂgﬁﬁgnﬁbbsim ?Jr@ﬁidﬁﬁ, witheaai d
circult conpri ; L egr elLvhyn | L an
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6. A sensor in accordance with claim 4, additionally comprising an
electronic circuit to extract the information representing the position
of the laser beam path on each line of the image delivered by the

image-analysing element, the said circuit comprising:

- an integration stage (24 1) receiving at the input an electric
signal representative of the intensity of light received, varying
& according to the position being considered on the analysed
line, and delivering to the output an increasing signal
representative of the cumulative luminous energy received;

-~ a dividing stage (242) receiving at the input the energy signal
delivered by the integration stage; .

- a delay stage (243) receiving at the input the energy signal
delivered by the integration stage; and

- a comparison stage (244} receiving at each of its inputs the
respective output signals from the dividing stage and the delay
stage, the switching of the said comparison stage defining the
position of the centre of the laser beam path, during scanning
of the line of the image.



