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PROCESS AND APPARATUS FOR TAKING A
MEDICAL CAST

FIELD OF THE INVENTION

Our present invention relates to a process and to an
apparatus for taking a medical cast.

BACKGROUND OF THE INVENTION

The field of application of this process encompasses
the capture of the shapes of an implanting site of a den-
tal prosthesis, whether fixed or mobile and of its envi-
ronment in order to make a prosthesis, by the volume
analysis for a diagnosis of part of the mouth, the capture
of the shape of other parts of the body by the analysis of
any part of the human body whose diagnostic and/or
the associated therapy require its visualization as com-
puterized images, and the capture of any shape with a
view to making a prosthesis such as a hip, auricular,
ocular, knee, finger and other joint prosthesis.

The capture of medical impressions are known to be
made by means of a paste in dentistry, open surgical
impression in the medical field, by micro-palpation, or
by three-dimensional optical methods using, for exam-
ple, ionizing radiations (photogrammetry, stereoscopy
or interferential methods such as holography) or by the
receipt of messages (NMR or ultrasound).

Methods of making an impression by means of pastes
are time-consuming and require great skill from practi-
tioner techniques such as photogrammetry and often
are not sufficiently precise. Other techniques such as
holography, are very complex and costly to implement,
and sometimes provide performances which are better
than may be strictly necessary for the particular object.

OBJECT OF THE INVENTION

The principal object of our invention is to overcome
these disadvantages by providing a process for captur-
ing a medical cast (impression), which is simple in con-
cept and can obtain a three-dimensional image with
good precision.

SUMMARY OF THE INVENTION

The invention provides a process which comprises:

projecting on a part of the body whose shape is to be
captured, a grid of sinusoidal profile, then in repeating
this projection at least twice, for a very brief time, with
a phase shift between two successive projections equal
in value to 277/n, where n is the number of projections;

effecting an optical reading of each projected image;

memorizing or storing each of these images and then
correlating them, while observing the variations in in-
tensity resulting from the variations of the phase shifts,
at each point of the object; and

calculating the depth of each point in relation to a

reference plane, the two other dimensions being de-
fined, in relation to the optical system used, in the detec-
tor’s plane.
. The main advantage of this system is its great sensitiv-
ity which, for a z datum line corresponding to the
depth, is of the order of P/ 100, where P is the pitch of
the g!-id projected.

It is possible, therefore, to work with low spatial
frequencies and hence with a minimum loss of contrast
due to the transfer functions of the optics and of the
Objects whose form is to be captured.

Moreover, the measurement principle requires rela-

tively simpler calculations than those necessary in the
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usual Moire techniques. Finally, this system is insensi-
tive to the differences in reflectivity of the object and
allows an unambiguous determination of the direction
of the deformations (hollows or humps), which is par-
ticularly useful for taking dental casts.

According to a feature of the invention, the sinusoidal
profile grid can be projected with a beam of parallel
rays.

According to another embodiment of the invention,
the sinusoidal profile grid can be projected as a diver-
gent beam of rays with the reference plane perpendicu-
lar to an axis of projection.

Advantageously, this process consists of jointly using
a complementary projection of a second system of
fringes, in order to obtain a very precise phase differ-
ence with an indetermination of 27 with the first sys-
tem, and a rough phase difference although without
indetermination of 27 with the second system, and the
correlation of the two results gives a very precise phase
difference without indetermination of 27 at any point.
In this case, the second system of fringes is provided by
a single projection without any shift and, in this case,
the calculation of the phase difference is carried out by
a method of sub-sampling or a FOURIER method or
any other equivalent method of phase analysis.

According to a preferred embodiment of the inven-
tion, this process consists of analyzing the variations of
the coding phase deformed by the object in the two
directions (x,y) defined in the plane of the detector,
while taking into account the rate of modulation and the
reflectivity of the object to produce a binary coded
image of binary code value 1 if the phase exists and is
continuous, and coded 0 if the phase does not exist or is
discontinuous, then in considering the set of images thus
obtained, in regrouping the images of the same value,
and in defining their frontier by methods of dilation-ero-
sion and of skeletization of the binary objects.

In order to obtain good precision of the measurement
while using simple calculations, the number of projec-
tions of images of the grid on the part of the body to be
observed is at least equal to three.

Moreover, this process consists of arranging, over the
part of the body to be observed, a plurality of reference
points visible in each of the positions of image acquisi-
tion, in carrying out several viewings at different an-
gles, in detecting in each of the viewings the (x,y) posi-
tion of each point, then through interpolation onto the
relief, the z value of the latter, then by association of the
physically identical reference points in gathering to-
gether the entire surface of each view into the same
relief, the coordinates of which are defined in relation to
a single image common reference code.

Advantageously, the process consists of calculating
the position of each reference point in x or y of the
image reflectivity, through the analysis of the histogram
of the levels of grey, then in selecting the black spots of
a suitable size, and finally in providing the center of
gravity weighted by the levels of grey inside of these
microspots.

It should be noted, that the reference points can be
provided by characteristic points of the part of the body
to be examined such as groove, cusp, face of the stump,
streaks or points carried by objects laid on the body to
be examined such as clamps in a dental application or
even by reference points deposited by projections of ink
or similarly. on the part of the body to be examined.
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BRIEF DESCRIPTION OF THE DRAWING

The above objects, features and advantages of our
invention will become more readily apparent from the
following description, reference being made to the ac-
companying drawing in which:

FIG. 1 is a general view, partially in block diagram
form, of the main elements constituting this device;

FIG. 2 is a diagrammatic view of the probe;

FIG. 3 is a block diagram of the main components
forming the device;

FIG. 4 is a highly diagrammatic view in perspective
of a subassembly allowing the creation of a coding;

FIG. 5 is a side view of a phase modulation system;

FIG. 6 is a side view of a first dephasing system;

FIG. 7 is a side view of a second dephasing system;

FIG. 8 is a block diagram showing the processing
system;

FIG. 9 is a view of a block diagram showing the
video processing card;

FIG. 10 is a block diagram showing the processing
card; and

FIG. 11 is a block diagram showing the image mem-
ory card.

SPECIFIC DESCRIPTION

As shown in FIG. 1, the device of the inveation com-
prises an optical probe 2 connected, on the one hand, to
a light source 3 and, on the other hand to a processing
system 4.

The choice of the source conditions, in a large mea-
sure, the characteristics of the system, the source being
chose, taking into account:

an optimization of the emission spectrum of the
source of the bandpass of the system,

a power suitable to ensure a sufficient illumination of
the detector as a function of the transmission of the
system, and

minimum overall measurements for a given power.

When the source cannot be placed in the probe for
reasons of overall size, it is necessary to guide the light
between the source and the probe, which may be done
by means of an optical fiber. In this case, the light is
collimated by means of coupling optics from the center
of which the extremity of an optical fiber is seen under
an angle a, such that a is smaller or equal to P/4D,
where P is the pitch of the grid and D is the maximum
field depth corresponding to a correct modulation of
the projected grid.

The wavelength of the projected light can be lower
than 5207m, the light source emitting in a blue region of
the ultraviolet, or the light source can be made of a
solid-state device with a semiconductor of the laser
diode type.

As shown in FIG. 2, the optical probe 2 appears in
the shape of a casing of reduced dimensions comprising
a body § as well as a part 6 suitable for holding in the
band of the practitioner, extended by a nosepiece 7
allowing for the coding projections and image retrieval.
If the light source is formed by a laser diode or another
component of the same type, it can be lodged in the
body S. In other cases, the light source is external and
the light beam is guided through an optical fiber which
may, for example, be associated with or may be in the
cable 8, ensuring the transfer of the electronic signals
between the probe proper and the processing system.

The optical probe comprises a projection channel for
the coding designated in FIG. 3 by the reference nu-

25

35

40

45

50

55

60

65

4,952,149

4
meral 9, and one channel 10 for viewing the image, the
object whose form is to be captured being defined on
this same FIGURE by the reference numeral 12.

The projection channel of the coding comprises colli-
mation optics 13, and a grating 14 fitted with its dephas-
ing system 15, and an imaging optical system compris-
ing an optical relay 16, an image transfer optics 17 and
a projection lens 18. In this same FIGURE, the light
source is designated by the reference 3, and the fiber for
the transfer of the light beam bears the reference 19.

The principle of the method of profilometry by
phase-coding assumes the creation of a coding of the
sinusoidal type which is phase modulated. The creation
of the coding comprises two coupled elements;

the grating, and - :

the phase modulator. ’

In the embodiment shown in FIG. 4, the transmission
system comprises a Wollaston prism 20 formed by two
similar wedges 22 cut in a birefringent material, for
example, quartz, the fast and slow axes of which are
opposed. This prism is illuminated by a monochromatic
light beam, and placed between two polarizers 23 and
24, the axes of which are crossed or parallel and make a
45° angle with those of the prism, the value P of the
pitch of the fringes created at the interface with the
prism being given by the formula

P
where

A is the wavelength of the light source,

@ is the angle of each of the birefringent prisms form-

ing the Wollaston prism, and

An is the difference between the ordinary and ex-

traordinary indices of the material.

The fundamental advantage of this system is the com-
plete compensation of the thermal and mechanical ef-
fects, since the beams follow the same path. The pitch of
the grating is to be chosen as a function of the size of the
object, of the magnification of the optical system and of
the depth of the field D.

One of the advantages of the method of profilometry
by phase analysis is that the uncertainty in z is of the
order of P/100, which is advantageous for the precise
study of small objects, for example, dental application,
since we will recall that classical Moire or interferential
processes only provide a precision lower than or equal
to P/10.

For the application to the dental field, a ptich of the
graying between 1 and 1.5 mm at the level of the refer-
ence plane can advantageously be selected.

The phase modulation corresponds in practice to M
optical translations of the grating by a quantity nP/M, if
M images are taken, where P is the pitch of the grating
and n a whole number comprised between 0 and M,M
being generally equal to 3 or 4 for ease of calculation.

These translations can be obtained by a mechanical
shifting of the grating, by an optical process or by an
electrooptic modulator.

By operating as shown in FIG. 5, by revolving a glass
plate 25 of index n and of thickness e in a paralle] beam,
a lateral displacement of this beam of a value S is caused
such that
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where i is the angle of incidence of the beam on the
plate, and r is the refracted angle, these angles being
linked together by the relationship

sin i=na sin r

In polarized light, it is possible to use phase plates to
create the desired modulation.

As shown in FIG. 6, known dephasing plates 26 are
successively introduced between the polarizer 23 and
the Wollaston prism 22. A dephasing of the grating is
thus created of a dephasing value of the phase plate.
The different plates 26 can be mounted on a motorized
wheel 27, the rotation of which is synchronized with
the image acquisition.

According to another possibility, shown in FIG. 7, a
quarter wave plate 28 is placed behind the Wollaston
prism, its axis being parallel to the axis of the polarizer.
By revolving the analyzer 24 by 108A, a dephasing
value between O and 27 is obtained in a continuous
manner.

The revolve the plates, it is possible to use a stepping
motor, or a direct current motor. In the case of the
stepping motor, the position of the blades is known by
step counting from a 0 position.

The position can be determined by using a split disk
presenting an opening which is perpendicular to it, and
fixed on the shaft of the motor or of the wheel. A photo-
diode lights up the disk on one side and a photoelectric
cell observes on the other side. When the hole or the slit
passes in front of the photodiode, the cell is activated
and emits a signal towards the processing system. In the
case of a direct-current motor, it is preferable to mount
a resistive potentiometer at the tip of the wheel’s shaft,
the measurement of the resistivity of the potentiometer
permitting the position of the motor shaft to be known
continuously. The set is controlled by electronic slaving
which is situated in the processing system. The rotation
of the plates is ensured either directly at the tip of the
shaft, or by rack wheel or racked pulleys, this last solu-
tion being preferred in the case of a direct-current mo-
tor.

As shown in FIG. 3, the viewing channel comprises
essentially an image acquisition lens 29, an image trans-
fer system 30 and an image detector 32. The image
detector is advantageously a detector of the C.C.D.
type coupled to synchronization electronics 33 and to a
numerical or video output channel 34.

Advantageously, the probe is so equipped as to be
abl.e to blow a compressed air jet 35 (FIG. 2) onto the
object, in a direction parallel to the axis of projection
and of observation. The purpose of this jet is to clean
the observed surface from its impurities and, in the case
Of' an endobuccal cast, it enables the gum to be pushed
aside and to give access to deep zones, for example, at
the level of the gum sulcus.

It is also advantageous to equip the probe with a
device to prevent the formation of vapor. This device
comprises means for heating to a temperature of at least
30° C., this means of heat operation when the probe is in
ihe'(?bservation position or when it is in the resting
position on its support.
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These means of heating can be formed by a heating
resistance supplied by a low-voltage current or by a film
of hot air sent under low pressure.

In practice, the practitioner deposits, by means of a
suitable marking pen, a few points on the tooth or on the
stump or on any other area the relief of which has to be
determined. After the introduction of the nosepiece of
the probe into the patient’s mouth, in the case of an
endobuccal shape cast, direct viewing, without coding
of the site to be examined is made.

The practitioner then positions the probe according
to the viewing angle which seems most appropriate to
him, then activates the acquisition of the first view. At
this moment, the system synchronizes the acquisition of
the images with the dephasing of the grating and, even-
tually, with the stroboscopy of the light source.

Once the images have been acquired, the practitioner
can withdraw the probe and check his capture of the
cast by selecting three types of information:

the image without coding of the area acquired,

three dimensional graphic representation of the cal-

culated area, and

indicators of the quality of the relief corresponding to

the precision of the measurement and a function of
the response to coding.

After validation, this view serves as a reference for all
of the subsequent views for which the practitioner pro-
ceeds according to the same principle along different
angles. From the second acquisition of a view and of the
detection of the reference points, the system can deliver
on the screen a graphic image showing the recon-
structed relief based on the correlated surfaces.

As shown in FIG. 8, the calculator comprises six
electronic modules linked by three buses, the modules
being formed by a central unit card 36, a random calcu-
lation memory card 37, a specialized interface card 38,
a card for processing the video signal 39, an image
memory card 40 and a specialized calculation process-
ing card 42, these modules being connected between
one another by a digital video bus 43, a processing bus
44 and a systems bus 45.

FIG. 9 shows the card for processing the video signal
serving as an interface between the camera set in the
probe ori ‘the one hand, the viewing screen and the
calculator on the other hand. This card receives at its
input 46, an analog signal of the images originating from
the probe which, on the one hand, is processed in 47 and
injected into a digitizer 48 formed by an analog-digital
converter over at least eight bits, this digitizer signal
being then sent over the video bus and, on the other
hand, sent to the viewing screen through a viewing
module.

It should be noted that the card for the processing of
the video signal receives, at its input, an image of at least
eight bits digital signal originating from the video bus,
which is injected after its passage in a conversion table
programmable from the bus system into a digital-to-
analog converter 49, and mixes (at mixer 51) this analog
signal with, firstly, a graphic image originating from at
least one graphic bit of the video bus, secondly alphanu-
meric (from character generator 50) originating from
the bus system 45 and, thirdly, a cursor of any shape
originating from a sub-module 52 generator of a cursor
associated with a position control register.

The resulting signal is sent to the viewing screen, the
image thus formed being decomposed into distinct parts
or superimposed parts, namely:



‘uotiedtdde e1uap e jo ased ay
ut ‘sdwerd se yons paurwexa 3q 01 APoq 3ys OIUO Pappe
$193{qo Aq paused swod o sayoresds ‘asey ‘dwings
‘dsnd ‘5340043 se yons ‘paurwexa 3q o1 £poq 3y} jo ued
ay1 Jo swutod onsuaioeseys Aq papiaosd ase sjutod 2oud
-13§31 33 uII3YM 6 Wie[d ul pauyap ssadoad sy gL

‘K218
JO S[9A3L 3yl yum SunySiam 4Aq 191u95 & Sutuuaiap
pue *3zis a[qenns e jo syods yoeq Junooas
uayy
‘sjaA3] A28 jo wesdoisyy e Jo sisAjeue ue Aq sade
-un pres uo syutod 3ouasapar jo suonisod Sunejnojes
Jo sdais apy
Bursudwoo sayuny g wiepd ur pauyep ssasoxd ML 6
"BIBP 92Ud13ja1 03 Jur
=1euIp1002 Aq 1red pies jo a3ewn ansodwons e Jumuyap
usy) pue ‘ja1pa1
Pres Joj JO eulp100d Z € jaipas & uo Sunsjodiaul
‘lutod yowea jo ajeurp
-100 £ pue ¥ 3t peas safeunt ay) jo yova ur Funo3lep
‘sa[3ue 1U2I341p 18 saSeun pies Jo [e19A3s Suipeas
‘sa8sult pres Jo yoea w 3[qisia syurod Ioud
=33J31 jo Anpeanid e £poq pres jo wed pres uo Jutkejur
Jo sdass ay
Suisudwos ayung ‘1 wrepd ur pauyap ssaooxd 3y ‘g
't 1SBI[ 1B St PIAIISQO aq O} Apoq
3y jo ued oYy oo pud ayx jo suonsafosd afeun jo
J3quInu 3Y3 ULaIaym [ Wie[o Ul pauyap ss3g0ad oy L
'$193(qo Aseurq Jo uonezNS[RYS JO
PUE UOISOI3-UONIE[IP JO SPOYIaw AQ J9pi0q J1ayl Sut
-Uyap pue ‘anfea aures 3y jo safews ayy SurdnoiSas
‘paureIqo sni saBewnt o Jo [re SuLapisuod ‘uay
pue ‘snon
-~URUODSIP St 10 ISTXI 10U S90p aseyd © j1 ) papod pur
Snonunuod st pue sisfxd sseyd v j1 | papoo sSeun
Areuiq e sonpoid 01 Apoq 3y jo wred ays jo A1An
~39Ja1 & pue uoneMmpoul JO el © UN0SIE oluT Jurye
‘1039319p 3y} jo aueid
313 Ut pauy3p SUONJAIIP Om) Ut Apoq 3y Jo 1red aipy
4q pawojap Burpos e jo suonewrea aseyd FuizA[eue
Jo sdais ay
8uisudwios 15yung ‘p wrepo ur pauyap ssasoid oYL 9
‘poylaw oMo, 3y Aq spew
S1 20ua191p aseyd Y3 Jo uonemored Yy pue Yys Aue
moyim uonosfoid 3(8uts e Aq apew st ss8uLy jo wayss
PUOD3s Y3 UIIaYM § Wre[d ur pautyap ssvooxd ayJ ‘g
‘uonBUTW
-1933pul 1noyum siutod [[e 18 27 Jo a5uISYIp aseyd
as1o1d A19a v 2A13 01 snsa1 omy ayy Sunepuod
PUE }[NS3X PUODIS € SE W3ISAS PUOIS 3y Yum
UONEBUNUIIAPUL INOYNM 27 JO Idualaylp aseyd
Y3nos © pue ‘ns31 3uo se wasks 1Ky Ay qim
47 JO uoneutULIaPpUl U Ylim doudsAIp aseyd
3s1931d A13A ®© ureiqo 01 19pI0 ut sa8uwy Jo wsAs
Pu033s ® Jo uonossfoid Arsuswaidwos g Suneisuad

Jo sdats ays Fursudwos sayuny
$s3001d 2y ‘s3BuLly jo wAsAs 1s1Y € o) spus paroaf
-01d 2y; uRIaYM | wied ur pauydp ssaooxd ML v

"uonoafoid jo sixe ayy o3 semorpuadiad s1 sueid
aduas3jal ays pue uond3foid jo sixe ue Juore sAet Jual
~I3AIp JO weaq B Aq pAroafoud st aqyosd [epiosnuis € yum
PU3 a3 urasoym | wired ur pauyap ssavoxd YL ¢

‘ske1 [aqesed
Jo 130> B Aq paroafosd st apyosd [eprosnuis v yum
PU3 31 urasaym [ wiepd ul pauyap ssasosd Ml T
sueyd
1019319p 3y1 ut pasn widisAs [eando sy 01 uonejAs

8

Ut pauyap suorsuawip 1ayio om) Suiaey spuod
pies Jo yoea ‘aueyd 35us13ja1 v 03 uoniefas us sputod
Pies jo yoea jo yidap syi uonenofes Aq Surupuiaisp
pue :Apoq pies jo ued pres
Jo sautod jo Auorydujnu e jo yoea 10§ yys aseyd oy
Jo suoneueA WOL) Junmsas AUsuUl Ul SUOHELIBA
8ura13sqo afiym saeun pazuowsw sy Sunepduod
‘sadewst pres jo yoes Furzuowaw
'1010313p B Aq pauyap
aueyd 1019919p e Suiaey waisAs [gondo ue yum uon
-03foud yoes 205 Ajjeondo patosfosd sFewr ue Suipeas
‘suonoafoid jo saqunu
Y1 st u ax3ym u/ 47 01 renba anfea e jo suonsafoid
§$ 9AISS00NS OM3 u3amiIaq Yyiys aseyd B yum spud
pa1daford aresausd o1 se os swy jo pouad jauq
AI3A © 10§ 301m) 153] 18 UONOafoid sy SBuneadas
pue ‘s[yoid [epiosnuis B yum pus e paureiqo aq
01 st uoissasduit 3soym £poq e jo wred ojuo Funssfoid
:Jo sdais ayy ursudwoo ss90
-01d a3 ‘suoissardut feorpawr Sunyes 30§ ssac0id v °f
e am
'sued Juiddeisaao xis ur papiatp Suraq
PIED 3Y3 ‘pIed Suwes JY) UO PIUTBIUOD AIE IOIB[NO[ED
$¥ a1 Jo s3npowr SWONIIP XIS A ‘A[snoageiusapy
“1950
ay1 £q A[rewsaxa pa1283L) Juiaq sueaw QU013 3say)
‘soyeior Ul saterd Yy SulALIp Jo suEsW AY) pue pies
Ksowaw ay1 yum aqoud ayy wouy JuneurSuo safewn ay;
0% jo uomismboe ays jo UONBZIUOIYIUAS Suimolfe Jqejieae
SUESW J[UOIIIS[3 SBY BE PIEd S3oBJIAUI pazifedads ayy
‘UONUIALL 3y} JO JNSLIADBIRYD J3YIoUe 01 SUIPIOIIY
“vp 10553001d pue gp 0IpIA ‘Gp w)sAs snq 33y Ay
SpIemOol pagoums pue paxajdnnm aq 03 Indino ayj e 10
ndut ay3 3e saueld onydesd pue safeun ayp SMOfTe yorym
§p waysds snq sy Aq ajqewuresfoird g9 Jnpouw-qns
& qum papraoxd st pue siiq 1moj jo p9 sued omydesd
© pue ‘g9 pue 79 ‘|9 ‘09 saueld Sy w ‘yoes siuq 1ySre
Jo so3eant paznIBip IN0j ISEI] 18 SUrRIUOD pIes Alowaw
38w sty ] “preo Azomow aFewn sy smoys 11 "OI1d
‘tp snq Suissasord
STy} OJUO ULIO} [BBIP B UL SUONILINO[ED Y1 JO SHOSII Y}
SISAIIP puB Gp WAsAs snq ay3 Aq papeojaid urerdoid e
01 3urp10doe ‘jaxid 10j [3xd ‘e3ep jo pooy SIY3 s3ssasoad
‘0 Preo Liowaw S3ewn wol pp sng Juissaoosd ay
y3noyy SuneuiBuo saewr om; 1se9] 1B woJj eiep [ed
-usmnu jo pooyj e nduy 31 18 AjSNoSUEIMUNS SIAIIL
pres 3uissacoid 2y} ‘6§ pue g5 ‘Lg S[elsmnu ERLETETES
Aq Jossaoo1d juauneas; isey a3 pue ssuowsw ndino
33 ‘ssauowsur jndut 33 pue pp snq Surssasoxd 3y usam)
-3q SIYINMS A1 puB ‘q9g PUE Dgg S[RIIWNU SOUIIJII
£q ssuowaw ejep ndino sy ‘ggg pue 2GS Je souowaw
e1ep indul 31 ‘pg 18 LJowaw weiSoid [esof ays ‘gg 1e
P318uBisap si 10s53001d JusUN©a1l 158) Y3 ‘O ‘Ofg Ul
"SI9151891 [euwsaur pue ssUOWAW BIRp
ndino ‘ssuowaw eep ndur ‘ssuowssw pawweiSoid
:53d4y 1noj jo ase yoym ssuowsur Sunjiom [eso] yim
Pa1e120sSE 51 pue saSewt a3 Jo Suissasoad yomb s3[qeus
3[npow siyy ‘psed Juissaooid Yy smoys gr ‘OI
*u3213s 3y} jo jutod Aue ssaIppe ues yomym
pue pajeAnode aq ued yoiym adeys Aue jo iosind e
pue x93}
suaumueydre jo suoz Ae(dsip © suuoj yowym wed e
s ‘sauowaw oydesd payoaras ay)
Jo ssueid sy wouy Suneuiduo siq 10 uq ayy Jo aess
34} ‘J0JO3 JUIIIYJIP UL JO IOUBI[[LIQIIA0 ul ‘sseadde
W Yorym ut 3qosd ayi wouy Sunewduo aFew ayy Jo
soueld Ksoursw 38eunt 3y Jo auo Junussaidas yed e

L

$9

0

0s

144

174

St

01

6v1°TS6'y




4,952,149

9

11. The process defined in claim 9 wherein the refer-
ence points are deposited by ink on the part of the body
to be examined.

12. A device for taking medical impressions, the de-
vice comprising:

means including a light source for projecting onto

. part of a body whose impression is to be obtained a

- grid with a sinusoidal profile, and repeating this

projection at least twice for a very brief period of
time with a phase shift between two successive
projections of a value equal to 27/n where n is the
number of projections;

means for reading an image projected optically for

each projection with an optical system having a
detector plane defined by a detector and including
an optical probe and a processing system con-
nected thereto;

means for memorizing each of said images;

means for correlating the memorized images while

observing the variations in intensity resulting from
the variations of the phase shift in each point of said
part; and

means for determining by calculation the depth of

each pointin relation to a reference plane, the other
two dimensions being defined, in relation to the
optical system used, in the plane of the detector.

13. The device defined in claim 12 wherein the light
source is distinct from the probe and the light is colli-
mated by means of coupling optics from the center of
which the extremity of an optical fiber is seen under an
angle a, such that a is smaller than or equal to P/4D,
where

P is the pitch of the grid and

D is the maximum field depth corresponding to a

correct modulation of the projected grid.

14. The device defined in claim 12 wherein the wave-
length of the light projected is lower than 520y and the
light source emits in the blue or the ultraviolet.

15. The device defined in claim 12 wherein the light
source is a solid-state device with a semiconductor of
the laser diode type.

16. The device defined in claim 12 wherein the opti-
cal probe comprises a projection channel for coding and
a viewing channel for reading the image.

17. The device defined in claim 16 wherein the pro-
jection channel for the coding comprises

collimation optics,

a grating fitted with a dephasing system, and

an optical imaging system comprising an optical re-

lay, an image transfer optic and a projection lens.

18. The device defined in claim 17 wherein the grat-
ing comprises a Wollaston prism constituted by two
similar wedges cut in a birefringent material illuminated
by a monochromatic light wave and placed between
two polarizers having axes which are crossed or parallel
and which make a 45° angle with those of the prism, the
value of the pitch p of the fringes created at the inter-
face of the prism being given by the formula

p=A/2An 130

where
A is the wavelength of the light source,
6 is the angle of each of the birefringent prisms form-
ing the Wollaston prism. and
An is the difference between the ordinary and ex-
traordinary indices of the material.
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19. The device defined in claim 17 wherein the de-
phasing system comprises

a motorized wheel comprising crystalline plates for

dephasing and introduced sequentially or in syn-
chronization with the shooting of the image.

20. The device defined in claim 19 wherein the plates
are driven in rotation by a stepping motor, the position
of the plates being known by counting the steps from a
reference position determined by using a split or holed
disk fitted on the wheel, the disk having one side fitted
with a photodiode lighting the disk and another side
fitted with a photoelectric cell which, when activated
by the ‘photodiode, emits a signal and feeds it to the
processing system.

21. The device defined in claim 19 wherein the plates
are rotated by a direct-current motor having control
means comprising a resistive poteniometer, measure-
ment of the resistivity of the potentiometer allowing the
position of a shaft of the motor to be known continu-
ously.

22. The device defined in claim 17 wherein the de-
phasing system includes

a quarter wave plate placed behind the Wollaston

prism and having fast and slow axes at 45° to the
axes of the prism, and

a rotatable analyzer allowing a dephasing value be-

tween 0 and 27 to be selected continually.

23. The device defined in claim 17 wherein the phase
modulation system comprises

a glass plate of index n and of thickness e mounted

pivotally to cause a lateral shift of the beam by a
value S such that:

S=esin(i—r)/cos(r)

where
iis the angle of incidence of the beam on the plate and
r is the refracted angle, the incidence and refracted
angles being linked by the relation:

sin i=n sin r.

24. The device defined in claim 12 wherein the probe
is fitted with a blowing system for projecting a com-
pressed air jet onto the part of the body from an end of
a nosepiece.

25. The device defined in claim 12 wherein the probe
is equipped with a system avoiding the formation of
vapor and comprising means for heating the probe to a
temperature at least equal to 30° C., the heating means
operating when the probe is in an observation position
or when it is in a resting position on a holder.

26. The device defined in claim 12 wherein said pro-
cessing system includes a calculator having six elec-
tronic modules linked by three buses, the modules being
formed by

a central unit card,

a random-access memory for calculation,

a specialized interfaces card,

a video signal processing card,

an image memory card, and

a specialized processing card for calculation, these

modules being linked to one another by a video-
digital bus, a processing bus and a bus system.

27. The device defined in claim 26 wherein the pro-
cessing card for the video signal serves as an interface
between a camera arranged in the probe, a viewing
screen and the calculator, said video signal processing
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card receiving at an input an analog signal of images
originating from the probe and processing them and
injecting them into the input of a digitizer formed by an
analog-digital converter over at least eight bits forming
a digitized signal that is then sent over the video bus and
to the video screen through a viewing sub-module.

28. The device defined in claim 26 wherein the video
signal processing card serves as an interface between a
camera set in the probe and a viewing screen and the
calculator, the video signal processing card

receiving at an input a digital signal of eight bits origi-

nating from the video bus and injected after passing
through a conversion table programmable from the
bus system into a digital analog converter, and then
processing this analog signal with, first, a graphic
image originating from at least one graphic bit of
the video bus, second, with alphanumeric charac-
ters originating from a sub-module allowing these
said characters to be generated from the bus system
and, third, with a cursor of any shape originating
from the sub-module generating a cursor associated
with a position control register and finally,
sending the resulting signal to the viewing screen, the
image thus formed on the screen being broken
down into distinct parts:
one part representing an image memory plane or
the image originating in the probe over which
appears, in overbrilliance or in different colors,
the state of the bit or bits originating from se-
lected graphic memory planes,
another part constituting a display zone of ali-
phanumeric text, and
a cursor of any shape which may be activated and
which can address may point of the screen.
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29. The device defined in claim 26 wherein the spe-
cialized processing card receives simultaneously at its
input a flow of digital data of at least two images origi-
nating through the processing bus from the image mem-
ory card, processes this flow of data, pixel by pixel,
according to calculation programs preloaded by the bus
system and delivers, over the same processing bus, the
results of the calculations in digital form.

30. The device defined in claim 26 wherein the image
memory card contains at least four digitized images of
eight bits each, a graphic plane of four bits, and is pro-
vided with a sub-module programmable by means of the
bus system to allow the digitized images and graphic
planes to be multiplexed or switched either to the input
or to the output of the bus, video and processor systems.

31. The device defined in claim 26 wherein the spe-
cialized interfaces card has electronic means for syn-
chronizing the acquisition of the images originating
from the probe with the memory card, and with elec-
tronic means for driving the plates in rotation, these
electronic means being triggered externally by the user.

32. The device defined in claim 26 wherein the calcu-
lator comprises six electronic modules contained on the
same card, the card being divided in six overlapping
parts formed by

a central unit,

a random-access memory for calculation,

a specialized interface,

video signal processing electronics,

an image memory, and

a specialized calculation processor, the parts being

linked to one another by a video-digital bus, a pro-

cessing bus and a bus system.
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