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DESCRIPTION

[0001] The present invention relates to an apparatus for varying a focal point of an optical
system in a dental 3D-scanner. The present invention further relates to a dental 3D-scanner.

[0002] In view of the increasing average life expectancy of the population and the
technological progress, the reconstruction of teeth and the use of dentures and dental
prostheses have become more and more important in recent years. For these purposes and
also for other applications in the field of odontology, it is required to accurately assess the
situation in a patient's mouth. Traditional approaches in this respect include making use of a
soft material, in particular wax, to create an impression of the patient's jaw and remaining
teeth. This impression then forms the basis for constructing a model to customize artificial
dentition to the specific needs of the respective patient.

[0003] Recently, dentists and technicians in dental laboratories have more and more been
relying on 3D-scanners (can sometimes also be referred to as tomography scanners) for
generating a three-dimensional representation of the situation in a patient's mouth based on
scan data acquired in the mouth of the patient. Such a model can, e.g., form the basis for a
computer-aided prosthesis design. There exist various handheld devices to be inserted into a
patient's mouth as an intraoral 3D-scanner for obtaining in-situ scan data. For instance, a
camera sensor can be used to gather the respective data. Usually, the camera is manually
moved around the upper or lower jaw or a section of interest of the jaws that is subject to
reconstruction.

[0004] The scanning and reconstruction can, e.g., be based on fringe projection methods.
Objects are illuminated with structured patterns of light. These patterns are modulated by the
scan object and then recorded as an image with a camera at a known angle with respect to the
projections. Techniques such as a Fourier transformation can be used to calculate the surface
modulations by analyzing the recorded images. Based on these data, it is possible to obtain 3D
coordinates of the scan object.

[0005] Different 3D-measurement principles require that a lens of an optical system of the
image sensor is moved in order to vary a focal point (or focal plane). By moving a lens back
and forth with respect to the detector (image sensor) and/or projector, it becomes possible to
obtain information on the spatial dimensions of a scan object. This measurement principle
corresponds to the function of a confocal microscope. If the camera is a handheld device, it is
important that the lens is moved at sufficient speed so that a relative movement of the camera
with respect to the scan object does not affect the measurement accuracy. Usually, oscillation
frequencies of a movable lens in a dental 3D-scanner are on the order of 2-20 Hz.

[0006] In this respect, EP 2 051 042 B1 relates to a device for tomographically recording
objects. The device comprises a first grid arranged in an optical axis of a light beam
downstream of a source of light which the light beam may be guided through before irradiating
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an object so that a pattern of the first grid may be projected on the object. The device further
comprises an optical imaging assembly for imaging the object on a sensor. Still further, the
device comprises a second grid provided in the optical axis of the reflected light beam, the
second grid having a pattern matching the first grid, the reflected light beam having the pattern
of the first grid being guided through said second grid so that the sensor senses the light beam
reflected by the object with a Moiré pattern resulting from overlying the pattern of the first grid
and the pattern of the second grid.

[0007] DE10356412A1 discloses a multifocal confocal method and confocal arrangement for
less cooperative objects.

[0008] EP2377464A1 discloses 3D imaging using double telecentric optical systems and depth
measurement from focus sequence.

[0009] US2018192877A1discloses a compact confocal dental scanning apparatus.

[0010] One challenge with current approaches to three-dimensional scanning by means of a
movable lens are vibrations. In particular for higher frequencies, the movement of the lens in a
handheld scanning device can result in vibrations of the scanning devices. These vibrations
can cause a blurring of the gathered data and the reconstructed 3D-scan. One approach to
compensate such vibrations is to make use of a counterweight. Such a counterweight can be
moved at the same speed as the lens but in the opposite direction. This, however, has the
drawback that the total mass is increased so that it becomes more difficult to move the lens at
an adequate oscillation frequency.

[0011] In view of the above, the present invention faces the problem of improving the image
quality of a dental 3D-scanner with a movable lens. In particular, the present invention aims at
reducing vibrations of a handheld scanning device for intraoral application albeit allowing a
lightweight construction of the device. A high oscillation frequency and a quick reaction of the
movable lens is desired to allow for a compensation of manual movements of the handheld
device with respect to the scan object.

[0012] To solve this problem, a first aspect of the present invention relates to an apparatus for
varying a focal point of an optical system in a dental 3D-scanner, comprising:

a lens unit with a lens being movable between a front reversal position and a rear reversal
position to vary a position of a focal point with respect to a scan object;

a guide unit for guiding a movement of the lens unit between the front reversal position and the
rear reversal position along a guide axis being parallel to an optical axis of the lens; and

a drive unit for driving the movement of the lens unit, said drive unit including a linear motor
with an anchor and a stator, said anchor being movable along a drive axis of the drive unit that
is parallel to the guide axis, characterized in that said stator being affixed to the guide unit,
wherein the drive unit includes a coupling arrangement for coupling a movement of the anchor
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and the lens unit so that a movement of the anchor in a first direction is transferred to a
movement of the lens in a second direction opposite to the first direction, wherein the coupling
arrangement includes a flexible connection element for connecting the anchor and the lens unit
to transfer a force from the anchor to the lens unit; and wherein the coupling arrangement
includes an inverting element for inverting the movement of the anchor.

[0013] In another aspect, the invention relates to a dental 3D-scanner for scanning a three-
dimensional scan object, comprising:

an apparatus as defined above,;
a detector for detecting a light signal from the scan object passing through the lens; and

a handheld housing for manually guiding the 3D-scanner around the scan object.

[0014] Preferred embodiments of the invention are defined in the dependent claims. It shall be
understood that the claimed dental 3D-scanner has similar and/or identical preferred
embodiments as the claimed apparatus, in particular as defined in the dependent claims and
as disclosed herein.

[0015] The apparatus of the present invention has a lens unit including the lens and the
respective fixation that is movable between a front reversal position and a rear reversal
position. This movement is guided by means of a guide unit in a direction parallel to an optical
axis of the lens (guide axis). By this movement of the lens a distance between the lens and a
photodetector of the dental 3D-scanner as well as a projector is varied. The distance is
increased in the front reversal position. Thereby, a position of a focal point with respect to a
scan object is modified. In other words, the scan object is scanned at different depths or in
different planes. The movement is driven by a drive unit having a linear motor. The stator of
the linear motor is affixed to the guide unit and the anchor movement is transferred to the lens
unit. Usually, the lens is oscillated at an oscillation frequency while scanning the scan object.
The movement of the lens is thereby limited by the distance between the front reversal position
and the rear reversal position. It is, however, also possible that the lens is moved by a smaller
amplitude.

[0016] The present invention is based on the idea of making use of a linear motor for moving a
lens in a dental 3D-scanner. In comparison to previous approaches with piezoelectric actuators
(piezo acoustic drives), approaches that are based on a link motion to transform a rotational
movement into a linear movement or align actuators that are comparable to voice coil
actuators, the linear motor of the present invention has the advantage that the control of the
movement of the lens can be very precise and accurate. It becomes possible to freely choose
a reversal point to adapt the movement of the lens to the size and position of a scan object.
The position of the lens can be assessed very accurately by means of corresponding sensors.
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Further, high accelerations of the lens unit are possible so that high oscillation frequencies can
be realized. As a result, high quality scans can be generated.

[0017] The drive unit includes a coupling arrangement for coupling a movement of the anchor
and the lens unit so that a movement of the anchor in a first direction is transferred to a
movement of the lens in a second direction opposite to the first direction. Thus, the anchor of
the linear motor is used as a counterweight to compensate for vibrations caused by the
movement of the lens unit. In comparison to previous approaches that require a separate
counterweight, this has the advantage that a more lightweight construction can be obtained.
Furthermore, by making use of the anchor as a counterweight, the timing of the movement of
the lens unit and the counterweight is ensured. Since the lens unit is driven by the
counterweight, no vibrations can occur. Measurement accuracy is improved and it is ensured
that a high-quality three-dimensional image of an object can be generated.

[0018] The coupling arrangement includes a flexible connection element for connecting the
anchor and the lens unit to transfer a force from the anchor to the lens unit. Said flexible
connection element preferably includes a steel strip. A steel strip can also be referred to as a
steel tape. The flexible connection element transforms or transmits the movement of the
anchor to a movement of the lens unit in the opposite direction. For this, the connection
element is preferably flexible in a single direction so that it can be guided around a respective
deflection and is rigid with respect to its length axis so that both a compressive force and a
tractive force can be forwarded from the anchor to the lens unit. A steel strip or steel band has
such properties and can thus be used advantageously.

[0019] In a preferred embodiment, the coupling arrangement includes a tension element for
tensioning the connection element. Said tension element preferably includes a spring. By
making use of a tension element, it becomes possible to ensure that the movement of the
anchor is smoothly transferred to the movement of the lens unit. No vibrations occur if the
connection element is constantly held under force. In particular, when the linear movement is
reversed in the opposite direction, it is important that overshooting is impeded. Preferably, a
spring is used to provide this functionality. It is ensured that vibrations are minimized so that
the quality of the three-dimensional scan is improved.

[0020] In an embodiment, the coupling arrangement includes an inverting element for inverting
the movement of the anchor. This inverting element preferably includes a ball bearing. In order
to transfer the movement from the anchor to the lens unit, it is advantageous to make use of a
deflection corresponding to a change in direction. To provide this functionality, it is possible to
make use of a ball bearing that minimizes friction so that high oscillation frequencies can be
obtained at low vibrations. This has the effect that a precise movement of the lens unit at high
speed is assured to improve the quality of a generated 3D scan. In yet another embodiment,
the guide unit includes a position sensor for determining a position of the lens unit between the
front reversal position and the rear reversal position. The position sensor preferably includes
an optical distance measurement sensor. It is possible to include a position sensor to
determine the position of the lens and thereby determine the position of the focal point within
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the guide unit. An optical distance measurement sensor may particularly correspond to a laser
sensor or the like that allows for a precise determination of a distance. For instance, the
position sensor can be attached to a stationary part and a light beam can be directed to a
moving part of the guide unit. By making use of a position sensor, it becomes possible to
control the movement of the lens unit and to adapt the movement of the lens unit to a position
and shape of a current scan object. A precise measurement results in a high-quality 3D scan of
the scan object.

[0021] In a preferred embodiment, the drive unit is configured to control the movement of the
lens unit based on a sensor signal of the position sensor. In particular, it is advantageous if the
sensor signal of the position sensor is exploited to control the movement of the lens unit.
Thereby, the measured variable is directly indicative of the variable intended to be controlled,
i.e. the position of the focal point or focal plane. The alternative of measuring the anchor
position and exercising control based on the anchor position would, in contrast, not correspond
to a direct control since the anchor movement needs to be transferred to the lens movement.
The lens unit is rigidly connected to the lens so that a direct measurement of the focal point or
focal plane position is obtained by making use of the sensor signal of the position sensor. A
precise control is assured so that the scan quality can be further improved.

[0022] In yet another preferred embodiment, the guide unit includes a linear recirculating ball
bearing guide. The lens unit includes an engaging element for engaging into said linear
recirculating ball bearing guide. The linear recirculating ball bearing guide corresponds to a
railing in which a respective part of the lens unit is guided along the guide axis. Friction is
minimized or reduced so that a precise and fast movement of the lens unit is possible. This
again has the effect that the scanning quality is improved.

[0023] In yet another preferred embodiment, a mass of the lens unit is equal to a mass of the
anchor to compensate for reaction forces resulting from acceleration of the lens and the
anchor. Preferably, the mass of the lens unit is chosen to be equal to the mass of the anchor. If
both masses are the same, the movement in the opposite direction is entirely compensated for
so that the resulting vibrations are minimized or completely prevented. Thereby, it is optionally
possible to make use of additional masses (balancing masses) on either the lens unit or the
anchor to ensure that the total masses of the two parts moving in opposite directions are
equal. Minimized vibrations of the handheld scanner result in high-quality 3D scans.

[0024] In another preferred embodiment, a centerline of mass of the lens unit parallel to the
guide axis corresponds to a centerline of mass of the anchor parallel to the guide axis. By
ensuring that the centerlines of mass of the moving parts are aligned with one another, it
becomes possible to compensate for hinge or torque moments. It is ensured that no torque
moments are produced when the anchor and the lens unit are moved or accelerated against
one another in opposite directions. The scan quality is further improved.

[0025] In another preferred embodiment, the linear motor is a brushless 3-phase linear
servomotor. The linear motor preferably includes a hall sensor for measuring a position of the



DK/EP 3628271 T3

anchor with respect to the stator. As an additional sensor, it is possible to make use of a hall
sensor in a 3-phase linear servomotor. This hall sensor can particularly be used to control the
power input to the servomotor to allow for precise controllability.

[0026] In another embodiment, a maximum displacement of the anchor is equal to a distance
between the front reversal position and the rear reversal position. The required construction or
space is minimized if the maximum displacement of the anchor corresponds to the distance
between the front reversal position and the rear reversal position. Since the movements of the
two moving parts are linked, it is not required that one movement has a higher displacement
than the other. The required constructional space and the total weight are minimized and
manufacturing costs are reduced.

[0027] In another preferred embodiment, the drive unit is configured to drive the movement of
the lens unit to oscillate between a selectable front oscillation position and a selectable rear
oscillation position at an oscillation frequency of 2 to 20 Hz, preferably 5 to 10 Hz, in particular
7.5 Hz. It is not required that the oscillation is carried out at a maximum displacement. For
smaller scan objects, it is sufficient if the focal point is varied so that the dimensions of the scan
objects are fully covered. The advantage of making use of a smaller amplitude is that a higher
frequency can be obtained. A higher frequency results in that a movement of the 3D-scanner
with respect to the scan object can be compensated for. The linear motor allows for a precise
selection of a front oscillation position and a rear oscillation position between which the lens
unit oscillates.

[0028] In a preferred embodiment of the dental 3D-scanner, it comprises a control unit for
controlling the drive unit. The control unit makes use of the different sensor signals and of a
user input (optional) to control the parameters of the movement of the lens unit. In particular, it
becomes possible to adjust an oscillation frequency and an amplitude of the movement of the
lens unit.

[0029] Herein, a focal point of an optical system corresponds to a focal plane position. The
focal point of focal plane represents the distance at which an image or an object is focused. A
scan object can particularly be a single tooth, a plurality of teeth or a human jaw. It is possible
to apply the principles of the present invention to other areas in which a movable lens of a
dental 3D-scanner is integrated in a handheld housing so that higher oscillation frequencies of
the lens are required to compensate for movements of the housing caused by the operator of
the 3D-scanner. For instance, the principles of the present invention can also be used in an
industrial 3D-scanner.

[0030] These and other aspects of the invention will be apparent from and elucidated with
reference to the embodiments described hereinafter. In the following drawings

Fig. 1
shows a schematic illustration of a dental 3D-scanner according to an aspect of the
present invention;
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Fig. 2
shows a schematic illustration of a measurement principle based on a moving lens in a
3D-scanner;

Fig. 3
shows a schematic perspective illustration of an apparatus according to the present
invention with a lens unit in the rear reversal position;

Fig. 4
shows a schematic perspective illustration of the apparatus with a lens unit in the front
reversal position;

Fig. 5
shows a schematic side view of the apparatus;

Fig. 6
shows a schematic top view of the apparatus;

Fig. 7
shows a schematic illustration of the positions of the centerlines of mass in a side view;
and

Fig. 8
shows a schematic illustration of the positions of the centerlines of mass in a bottom
view.

[0031] In Fig. 1, a dental 3D-scanner 10 for scanning a 3-dimensional scan object according to
the present invention is schematically illustrated. The dental 3D-scanner 10 includes a
handheld housing 12. In the illustrated example, the handheld housing 12 has a widening rear
section 12a to be held in the hand of an operator and a tapered front section 12b to be
inserted into the mouth of a patient. Attached to the rear section 12a is a cable via which the
handheld housing 12 is connected to a control device 14 that can, e.g., correspond to a
personal computer. The dental 3D-scanner 10 has a window in its tapered front section 12b
through which a light signal can pass and can reach a detector 16 inside the handheld housing
12. The dental 3D-scanner 10 is controlled by a control unit 18 that, in the illustrated example,
is included in the control device 14.

[0032] The dental 3D-scanner 10 of the present invention can particularly be put to use in a
dentist's surgery or also in a dental laboratory to obtain an in-situ scan of a situation in the
mouth of a patient. Usually, the situation in the mouth of a patient is scanned intraorally. It is,
however, also possible that a scan object outside the mouth of a patient is scanned. The
handheld housing 12 is hand-guided by a dentist or dental technician that moves the 3D-
scanner around the scan object. This allows to obtain an in-situ scan to obtain a 3D
representation. It is advantageous if a live visualization of the scan object, in particular the
teeth or the jaw of the patient, is displayed on a screen during the data collection as
schematically illustrated.

[0033] It is to be understood that the illustrated embodiment is an example and that it is also
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possible that the different components are arranged in a different way. For instance, it is
possible that the handheld housing 12 includes the control unit 18 and/or that the handheld
housing 12 is connected via a wireless connection with the control device 14. Also, it is possible
that the handheld housing 12 includes all components of the dental 3D-scanner and that only
an image of the scan object is transferred to a separate external screen.

[0034] In Fig. 2, the measurement principle of the dental 3D-scanner 10 is schematically
illustrated. The dental 3D-scanner 10 has a lens 20 through which a light signal from a scan
object 22 passes prior to reaching the detector 16. The scan process thereby is based on a
variable focal point 24. The focal point 24 corresponds to a focal plane. The focal point 24 is
varied so that the entire spatial dimension of the scan object 22 is sampled. In other words, the
image obtained by means of the detector 16 is focused at variable distances from the 3D-
scanner 10 or its detector 16, respectively. The measurement principle thereby corresponds to
a confocal microscope. Usually, the lens oscillates to periodically vary the focal point.

[0035] In the illustrated embodiment, the lens 20 is moved between a front oscillation position
20a and a rear oscillation position 20b. By moving the lens 20, the focal point 24 is moved from
a first position 24a above the scan object 22 to a second position 24b below the scan object 22
or the area of interest of the scan object 22. Usually, the lens 20 oscillates between the two
positions at a constant oscillation frequency so that a constant sampling of the scan object 22
is obtained. Since the dental 3D-scanner 10 is not fixed in its position versus the scan object 22
but manually moved around the scan object 22 to allow for manual intraoral application, the
oscillation frequency is thereby in the order of 10 Hz. By making use of such a comparatively
high oscillation frequency, a blurring of the obtained scan due to movements of the scanner
versus the scan object 22 is avoided. In the illustrated embodiment, a mirror 26 is arranged
between the lens 20 and the scan object 22. The movement of the lens 20 is thereby obtained
by means of an apparatus 28 for varying a focal point of an optical system according to the
present invention.

[0036] In Figs. 3 and 4, the apparatus 28 for varying a focal point of an optical system in the
dental 3D-scanner of the present invention is schematically illustrated in a perspective view.
The apparatus 28 includes a lens unit 30 with a lens 20 and a corresponding holding
arrangement 32 for holding the lens 20, a guide unit 34 for guiding the movement of the lens
unit 30 and a drive unit 36 for driving the movement.

[0037] The lens unit 30 thereby includes all movable parts. The lens unit 30 is movable
between a front reversal position as illustrated in Fig. 4 and a rear reversal position as
illustrated in Fig. 3. In the front reversal position, the distance to a detector (not illustrated in
the Figs.) is increased so that the focal point of the optical system formed by the lens 20 and
the detector is moved further away from the lens.

[0038] The drive unit 36 includes a linear motor 38 with an anchor 40 and a stator 42. The
anchor 40 is moved versus the stator 42 along a drive axis 44. Usually a 3-phase linear
servomotor is used as the linear motor 38. The linear motor 38 may include a hall sensor 39
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(not illustrated) that is integrated with the linear motor housing and that provides a sensor
signal to be used for controlling the power supply of the linear motor 38. The movement
induced by the drive unit 36 is parallel to the drive axis 44. Thereby, the drive axis 44 is parallel
to an optical axis 46 of the lens 20 and a guide axis 48 along which the movement of the lens
unit 30 is guided by the guide unit 34. The optical axis 46 of the lens 20 runs through the
center of the lens 20.

[0039] As illustrated in Figs. 3 and 4, the linear movement of the lens unit 30 between the front
reversal position and the rear reversal position is in the opposite direction of the movement of
the anchor 40. When the lens unit 30 is moved forward, the anchor 40 is moved backward as
illustrated in Fig. 4. By making use of this counter movement, it becomes possible to
compensate for vibrations caused by the mass of the lens unit 30 when it oscillates. Preferably,
a mass of the lens unit 30 is thereby equivalent to a mass of the anchor 40 so that optimal
vibration cancellation is obtained. It is possible to add weight to one of the anchor 40 and the
lens unit 30.

[0040] On the one hand, it is possible that the lens unit 30 is moved between the front reversal
position and the rear reversal position. Thereby, the distance between the front and rear
reversal positions represents a maximum displacement. It is, however, also possible that the
linear motor 38 is controlled so that the movement of the lens unit 30 is subject to a smaller
displacement. The use of a linear motor 38 has the advantage that the movement of the lens
unit 30 can be inverted at any desired position between the front and rear reversal positions. In
this respect, a front and rear oscillation position correspond to positions in which the movement
of the lens unit 30 is inverted. The distance between the front and rear oscillation positions is
smaller than the distance between the front and rear reversal positions.

[0041] In Fig. 5, the apparatus 28 is illustrated in a schematic side view to further describe the
motion of the lens unit 30 and drive unit 36. In order to transform the movement of the anchor
40 in a rear direction (right in the illustration in Fig. 5) into a movement of the lens unit 30 in a
front direction (left), it is required to invert the movement. For this, a coupling arrangement 50
of the drive unit 36 is arranged between the linear motor 38 and the lens unit 30.

[0042] The coupling arrangement 50 includes a flexible connection element 52 which transfers
the force from the anchor 40 to the lens unit 30. In the illustrated embodiment, the flexible
connection element 52 is a steel strip which is sufficiently strong to transport the recurrent
forces at higher oscillation frequencies and which allows transferring both tractive and
compressive forces. The coupling arrangement 50 preferably includes a tension element 54
which comprises a spring in the illustrated embodiment. The tension element 54 is used to
exert a force on the flexible connection element 52 so that this flexible connection element 52
is under tension and can transfer forces without shaking. This is particularly important when
the movement of the lens unit 30 is inverted in the front or rear reversal positions or in the front
or rear oscillation positions. The coupling arrangement 50 further includes an inverting element
56 which comprises a ball bearing in the illustrated embodiment. This inverting element 56
inverts the movement of the anchor 40 by guiding the flexible connection element 52 through a
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180° direction change. In the illustrated embodiment, two ball bearings are used.

[0043] In Fig. 6, the functionality of the guide unit 34 is illustrated based on a top view of the
apparatus 28. The guide unit 34 connects the lens unit 30 and the drive unit 36. The guide unit
34 is affixed to the stator 42 of the linear motor 38. The lens unit 30 and the anchor 40 of the
linear motor 38 are moved with respect to the guide unit 34 and the stator 42.

[0044] In the illustrated embodiment, the guide unit 34 includes a recirculating ball bearing
guide 58 in which an engaging element 60 of the lens unit 30 is guided. The linear recirculating
ball bearing guide 58 thereby functions comparable to a railing. By making use of a ball
bearing, friction is minimized so that high oscillation frequencies are possible.

[0045] Furthermore, the guide unit 34 includes a position sensor 62 which allows obtaining
information on a position, in particular a lateral position, of the lens unit 30 with respect to the
guide unit 34. In the illustrated embodiment, the Dentsply Sirona Inc

position sensor 62 is an optical sensor that measures a distance. This position of the lens unit
30 is direct measure of the current position of the lens and the focal point as well as the current
position of the anchor 40 of the linear motor 38. The sensor signal of the position sensor 62
can be used to control the drive unit 36 so that a direct feedback and control loop becomes
possible. In particular, it is possible to specify specific front and rear oscillation positions and
control the current position to decide whether to move in the other direction based on the
sensor signal of the position sensor. Thereby, the corresponding control can be exercised in a
control unit that can also be included in a dental 3D-scanner or that can be externally arranged
in a separate processing device.

[0046] In Figs. 7 and 8, the apparatus 28 is schematically illustrated in a side view (Fig. 7) and
in base view (Fig. 8). In order to minimize torque moments and rotational forces that could also
result in vibrations of the dental 3D-scanner, it is advantageous that a centerline of mass 64 of
the anchor 40 is equal to a centerline of mass 66 of the lens unit 30. The centerlines of mass
64, 66 are thereby parallel to the guide axis. As illustrated in the two different views in Figs. 7
and 8, the centerline of mass 64 of the anchor and the centerline of mass 66 of the lens unit
are equal both in the side view and in the bottom view. This construction allows preventing
torque forces from occurring.

[0047] The foregoing discussion discloses and describes merely exemplary embodiments of
the present disclosure. As will be understood by those skilled in the art, the present disclosure
may be embodied in other specific forms without departing from the scope of the appended
claims.

[0048] In the claims, the word "comprising" does not exclude other elements or steps, and the
indefinite article "a" or "an" does not exclude a plurality. A single element or other unit may fulfill
the functions of several items recited in the claims.
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APPARAT TIL ZENDRING AF ET FOKUSPUNKT FOR ET OPTISK SYSTEM | EN
DENTAL 3D-SCANNER OG DENTAL 3D-SCANNER

PATENTKRAV

1. Apparat (28) til eendring af et fokuspunkt (24) for et optisk system i en dental 3D-
scanner (10), der omfatter:

en linseenhed (30) med en linse (20), der kan beveeges mellem en forreste
gendringsposition og en bageste aendringsposition for at sendre en position af et
fokuspunkt i forhold til et scanningsobjekt (22),

en styreenhed (34) til at styre en beveegelse af linseenheden mellem den forreste
gendringsposition og den bageste sendringsposition langs en styreakse (48), der er
parallel med en optisk akse (46) for linsen, og

en drivenhed (36) til at drive bevaegelsen af linseenheden, hvilken drivenhed indbefatter
en lineger motor (38) med et anker (40) og en stator (42), idet ankeret kan bevaeges langs
en drivakse (44) for drivenheden, der er parallel med styreaksen, kendetegnet ved, at
statoren er fastgjort til styreenheden,

hvor drivenheden (36) indbefatter en koblingsindretning (50) til at koble en beveegelse af
ankeret (40) og linseenheden (30), séledes at en beveegelse af ankeret i en farste retning
overfares til en bevaegelse af linsen (20) i en anden retning modsat den farste retning,
hvor koblingsindretningen (50) indbefatter et fleksibelt forbindelseselement (52) til at
forbinde ankeret (40) og linseenheden (30) for at overfere en kraft fra ankeret til
linseenheden, og

hvor koblingsindretningen (50) indbefatter et inverteringselement (56) til at invertere

ankerets (40) beveegelse.

2. Apparat (28) ifalge krav 1, hvor
koblingsindretningen (50) indbefatter et spzendingselement (54) til at spsende det

fleksible forbindelseselement (52).
3. Apparat (28) ifelge et hvilket som helst af de foregéende krav, hvor styreenheden
(34) indbefatter en positionssensor (62) til at bestemme en position af linseenheden (30)

mellem den forreste sendringsposition og den bageste eendringsposition.

4, Apparat (28) ifelge krav 3, hvor drivenheden (36) er konfigureret til at styre
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beveegelsen af linseenheden (30) baseret pa et sensorsignal fra positionssensoren (62).

5. Apparat (28) ifelge et hvilket som helst af de foregéende krav, hvor styreenheden
(34) indbefatter en linezer recirkulerende kuglelejestyreanordning (58),
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linseenheden (30) indbefatter et indgrebselement (60) til at ga i indgreb med den linezere

recirkulerende kuglelejestyreanordning.

6. Apparat (28) ifelge et hvilket som helst af de foregaende krav, hvor en masse af
linseenheden (30) er lig med en masse af ankeret (40) for at kompensere for

reaktionskreefter som faelge af accelerationer af linsen (20) og ankeret.

7. Apparat (28) ifelge et hvilket som helst af de foregaende krav, hvor en
massecenterlinje (66) for linseenheden (30), der er parallel med styreaksen (48), svarer

til en massecenterlinje (64) for ankeret (40), der er parallel med styreaksen.

8. Apparat (28) ifelge et hvilket som helst af de foregaende krav, hvor den lineaere
motor (38) er en barstelgs 3-faset lineser servomotor, og den linesere motor indbefatter

en hall-sensor til at male positionen af ankeret (40) i forhold til statoren.

9. Apparat (28) ifzlge et hvilket som helst af de foregaende krav, hvor en maksimal
forskydning af ankeret (40) er lig med en afstand mellem den forreste sendringsposition

og den bageste aendringsposition.

10.  Apparat (28) ifelge et hvilket som helst af de foregaende krav, hvor drivenheden
(36) er konfigureret til at drive beveegelsen af linseenheden (30) til at oscillere mellem en
valgbar forreste oscillationsposition (20a) og en valgbar bageste oscillationsposition (20b)

ved en oscillationsfrekvens pa 2 til 20 Hz.

11.  Dental 3D-scanner (10) til scanning af et tredimensionelt scanningsobjekt (22), der
omfatter:

et apparat (28) ifelge et hvilket som helst af de foregaende krav,

en detektor (16) til at detektere et lyssignal fra scanningsobjektet, der passerer gennem
linsen (20), og

et handholdt kabinet (12) til manuelt at styre 3D-scanneren omkring scanningsobjektet.
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12.  Dental 3D-scanner (10) ifelge krav 11, der omfatter en styreenhed (18) til at styre
drivenheden (36).
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