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Description

[0001] The invention relates to a 3D guiding system
for providing a guided relative movement of a first and a
second object. More particularly, the invention relates to
a 3D guiding system configured for calculating informa-
tion for guiding the relative movement of the first and
second objects towards a first preferred relative arrange-
ment, which is determined from a 3D model of the second
object. The present relative position of the two objects is
tracked by 3D scanning of the second object.
[0002] A document in the art is exemplified by US
2006/189842 A1.
[0003] Disclosed is a 3D guiding system for guiding a
relative movement of a first object and a second object
as defined in claim 1.
[0004] Disclosed is a method for providing a guided
relative movement of a first object and a second object,
said method comprising:

- obtaining the first object onto which a 3D guiding
system is attached, where said 3D guiding system
comprises a 3D scanner;

- obtaining the second object and a 3D model of the
second object, and deriving from said 3D model a
first preferred relative arrangement between the first
and second objects;

- performing a movement procedure comprising:

a) 3D scanning at least a region of said second
object using said 3D scanner and determining
a present relative arrangement of the first and
second objects from a result of the 3D scanning;

b) calculating information for guiding the relative
movement of the first and second objects to-
wards said first preferred relative arrangement
from said present relative arrangement; and

c) providing a relative movement of said first and
second objects towards the first preferred rela-
tive arrangement, where the calculated informa-
tion is used for guiding the relative movement.

[0005] In some embodiments, the non-transitory com-
puter-readable medium further stores program code for
deriving from said 3D model a first preferred relative ar-
rangement between the first and second objects. Deriv-
ing the first preferred relative arrangement may involve
resource demanding calculations and in some embodi-
ments, it may be preferred that first preferred relative
arrangement is derived on a separate system from which
it then transferred to the 3D guiding system.
[0006] In some embodiments, the second object is part
of the system. In some embodiments, the second object
and the first object are autonomous parts.

[0007] According to the invention, the system and/or
the 3D guiding system comprises a device configured to
provide a relative movement of said first and second ob-
jects towards the first preferred relative arrangement,
where the calculated information is used for guiding the
relative movement.
In some embodiments, the 3D guiding system comprises
a signal light source configured to provide said informa-
tion by projecting a guiding signal onto a target region of
the second object.
[0008] According to the invention, the system and/or
the 3D guiding system comprises a non-transitory com-
puter readable medium having one or more computer
instructions stored thereon, where said computer instruc-
tions comprises instructions for performing the method
according to the invention.
An advantage of the present invention over the prior art
is that the present relative arrangement of the first and
second objects is determined without using an external
localization device. According to the invention, determin-
ing the present relative arrangement of the first and sec-
ond objects comprises pairing the obtained 3D model of
the second object and the result of the 3D scanning, such
that the result of the 3D scanning is compared to the
obtained 3D model and from the comparison the present
relative arrangement of the first and second objects is
determined.
The comparison may comprise a rotation and a transla-
tion of the obtained 3D model and the result of the 3D
scanning such that they are aligned correctly, e.g. with
corresponding surfaces coinciding. Based on the extent
of rotation and translation required to provide a correct
alignment, the present relative arrangement can be de-
termined with respect to the first preferred relative ar-
rangement.
[0009] The result of the 3D scanning may be used to
generate a new 3D model mapping the surface and/or
the interior structure of the second object in the scanned
region. Pairing the new 3D model and the obtained 3D
model may then be used to determine the present relative
orientation of the first and second objects with respect to
the first preferred relative arrangement.
In some embodiments, the obtained 3D model relates to
a surface of the second object, such that the 3D model
comprises data relating to a surface of a scanned region
of said second object. This may for example be the case
when the 3D scanner is an optical scanner and the
scanned region of the second object is such that light is
reflected from its surface. It may also be the case when
the 3D scanner is based on focus scanning, such as in
the 3Shape TRIOS intraoral scanner, and the surface of
the second object is at least partly translucent, which e.g.
can be the case for teeth.
[0010] Further characteristics of the second object
may be added to the 3D model obtained by scanning the
surface of the second object. These characteristics may
comprise an interior structure in the second object. This
may be the case when the second object is a dental sit-
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uation or a body part of a patient where the further char-
acteristics may be obtained e.g. by X-ray imaging of the
second object. The further characteristics may be inte-
grated in the 3D model of the second object.
[0011] In some embodiments obtaining said 3D model
comprises a sub-surface scanning of the scanned region
and/or the target region of said second object, such as
by Magnetic Resonance Imaging, by an X-ray scanning
or by a CT scanning of the second object, such that the
3D model comprises data relating to an interior structure
of said second object.
[0012] In some embodiments, the 3D scanner of the
guiding system is configured for sub-surface scanning.
The 3D scanner may e.g. be a CT scanner where the
surface in the scanned region of the second object is at
least partly transparent to the X-ray signals of the CT
scanner. The movement procedure can then be guided
based on the knowledge of the interior structure and on
the measurements provided by the CT scanner. Like-
wise, the first preferred relative arrangement and the in-
formation can then be derived from the interior structure,
such that a guiding signal displayed e.g. on the surface
of the second object is derived from the interior structure.
[0013] In some embodiments, the obtained 3D model
comprises both a surface and an interior structure of the
second object.
[0014] In a dental application of the invention, the ob-
tained 3D model may comprise both the surface and in-
terior structure of a set of teeth. If a new 3D model is
generated from the result of the 3D scanning, the set of
teeth in the new 3D model may virtually be rotated and/or
translated to coincide with the set of teeth in the obtained
model.
[0015] In a surgical application of the invention, the ob-
tained 3D model may comprise both the surface, such
as the skin surface, and an interior structure of a body
part, such as veins, arteries and bones.
[0016] In some embodiments, the shape of first object
is taken into account when deriving the first preferred
relative arrangement between the first and second ob-
jects.
This may be the case e.g. when a cross sectional shape
of the first object at a point of contact with the second
object has no rotation symmetry or a finite rotational sym-
metry, such as a two-fold or a three-fold symmetry.
The reduced rotation symmetry may be around a longi-
tudinal axis of the first object. When the first object com-
prises a surgical scalpel, there may be no rotation sym-
metry since the surgical scalpel has a preferred orienta-
tion relative to the surface with the sharp edge facing the
surface which it is intended to cut into.
A dental drill also has a shape with a preferred relative
arrangement relative to a tooth from which toot material
is to be removed by the drill or relative to the mandibu-
lar/maxillary from which bone material is to be removed
in order to make space for an implant.
In some embodiments, the 3D guiding system comprises
several parts.

In some embodiments, the 3D guiding system may be
an integrated system with all parts integrated in one co-
herent system.
In some embodiments, the 3D guiding system comprises
two or more separate parts that are distributed with a
distance between at least some of said parts. For a 3D
guiding system comprising separate parts, all of these
separate parts may be attached to the first object. The
attachment may be direct or indirect, such as an attach-
ment via another of the separate parts.
[0017] In some embodiments, the distance between
the first and second objects is determined from the result
of the 3D scanning. The scanning may e.g. comprise a
time of flight based measurement of the distance and/or
a scaled version of the 3D model is fitted to the result of
the 3D scanning. A scaling factor showing the size of the
scaled version of the 3D model at different distances can
be used to determine the distance.
[0018] According to the invention, the first preferred
relative arrangement is such that the first object is adja-
cent to the second object with a preferred orientation rel-
ative to the second object. This may be the case for a
number of applications of the invention, such as in dental
treatments, in surgical operations, in the gluing together
two objects, in parking a car relative to another car or an
obstacle, or in docking one object in relation to another.
In the context of the present invention, the phrase "adja-
cent" may refer to an arrangement where one object is
next to but not necessarily connected with a another ob-
ject. The object can also be in contact, such as in contact
with no penetration of one object into the other.
[0019] In some embodiments, the first preferred rela-
tive arrangement is such that there is a well-defined
and/or predetermined distance between the first object
and the second object with a preferred relative orientation
of the two objects. This may e.g. be the case when the
invention is applied in relation to a welding procedure or
a parking of a vehicle.
[0020] In the context of the present invention the
phrase "X determined from Y" may refer to the case
wherein determining X takes into account Y. Other pa-
rameters may still influence the value of X. X may for
instance be the present relative arrangement while Y may
be a result of the 3D scanning.
[0021] In the context of the present invention the
phrase "towards the first preferred relative arrangement"
may refer to a relative movement which brings the first
and second object closer to the first preferred relative
arrangement, such as a relative movement which brings
the first and second object to the first preferred relative
arrangement.
[0022] During the relative motion of the first and second
objects, the second object may be stationary relative to
a reference frame, while the first object is moved towards
the second object. The method may then be for providing
a guided movement of the first object.
This may be the case when the invention is used in re-
lation to a dental or a surgical procedure on a patient. In
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relation to dental treatments the invention may be used
to guide e.g. a dental drilling tool used to drill into a tooth
or the mandibular or maxillary bone of the patient. In re-
lation to surgical treatments the invention may be used
to guide e.g. a surgical scalpel used to provide a cut in
the patient.
[0023] During the relative movement of the first and
second objects, the first object may be stationary relative
to a reference frame, while the second object is moved
towards the first object. The method may then be for pro-
viding a guided movement of the second object.
Such a configuration may e.g. be used when the first
object is the heavier of the first and second objects.
[0024] The relative movement of the first and second
objects may comprise a movement of both the first object
and the second object relative to a reference frame. This
may e.g. be the case when both the first object and the
second object can be moved in a controlled manner.
[0025] The movement procedure may involve one or
more steps that are performed in real-time. One or more
of a), b) and c) may be performed in real-time.
[0026] The 3D scanning of the scanned region of the
second object may be performed in real-time. The cal-
culation of the information may be performed in real-time.
[0027] In some embodiments, the 3D guiding system
is configured for 3D scanning of the scanned region of
the second object and/or for calculation of the information
and/or for displaying said information in real-time.
The information may be displayed in real- both when a
human operator and a robotic device or another machine
provides the relative motion of the first and second ob-
jects.
[0028] In some embodiments, the 3D guiding system
is configured for executing the program code for deter-
mining the present relative arrangement and/or for exe-
cuting the program code for calculating information in
real-time.
In the context of the present invention, the phrase "real-
time" refers to the situation where the function that is
performed in real-time is sufficiently rapid such that e.g.
a guiding signal is provided sufficiently rapid such that
an operator can adjust the relative movement of the first
and second objects in due time.
For dental and/or surgical applications of the invention,
the phrase "real-time" may be used for situations where
the function occurs within a time frame of seconds, such
that the information can be calculated and provided to
the dentist or doctor in a manner such that the information
is provided with a rate that is faster than the movement
of the dental drilling tool or the scalpel.
[0029] Real-time may mean in that the function occurs
within a time interval, where said time interval is less than
about 60 seconds, such as less than about 30 seconds,
such as less than about 15 seconds, such as less than
about 10 seconds, such as less than about 5 seconds,
such as less than about 2 seconds, such as less than
about 1 second, such as less than about 0.5 seconds,
such as less than about 0.2 seconds, such as less than

about 0.1 seconds, such as less than about 0.05 sec-
onds, such as less than about 0.02 seconds, such as
less than about 0.01 seconds, such as less than about
0.005 seconds, such as less than about 0.002 seconds,
such as less than about 0.001 seconds.
[0030] In some embodiments, the relative movement
is controlled by a human operator. The first object and/or
the second object may be a handheld device which the
operator can move relative to the other object. The op-
erator may also control the relative movement via a me-
chanical device configured for translating, moving, tilting
or rotating an object, such a mechanical arm, an engine,
or a stage.
[0031] In some embodiments, the relative movement
is computer controlled. This may e.g. be the case for a
robotic device according to the present invention, where
the 3D guiding system and/or method assist the robotic
device in the relative motion of the first and second ob-
jects.
[0032] In some embodiments, the movement proce-
dure comprises repeating one or more of a), b) and c) a
number of times, such that the first and second objects
may gradually approach the first preferred relative ar-
rangement.
[0033] The repetition of a), b) and c) may be such that
both a) and b) are performed for each repetition of c).
The present relative arrangement of the first and second
objects is then determined and the information for guiding
the relative motion is then calculated for each relative
movement of the objects.
[0034] The repetition of a), b) and c) may be such that
either a) or b) is performed for one repetition of c). This
may be the case when the present relative arrangement
of the first and second objects is determined for each
relative movement of the objects, while the calculation
of the information for guiding the relative motion only is
calculated when a significant change of the relative ar-
rangement has occurred.
[0035] In some embodiments, the relative movement
of the first and second objects is substantially continuous
and a) and/or b) are performed during the relative move-
ment. For several applications of the invention, the rela-
tive motion of the first and second objects is substantially
continuous such as when a human operator or a robotic
device moves one object towards another in a smooth
movement while using the calculated information for
guiding the motion.
The determining of the present relative arrangement and
the calculation of the information may be performed on
the fly. Both a) and b) should then preferably be suffi-
ciently fast compared with the speed of the movement,
such that the information is provided in due time for ap-
propriate changes in e.g. the direction of the relative
movement to be made. In some embodiments, b) is only
performed if a) indicates that a significant change in the
relative arrangement has occurred since the previous
calculation of the information.
[0036] In some embodiments, the 3D guiding system
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is configured for continuously executing the program
code for determining the present relative arrangement
and/or for continuously executing the program code for
calculating information and/or for executing the program
code for deriving further preferred relative arrangements,
such that these program codes can be executed contin-
uously during a relative movement of the first and second
objects.
[0037] In some embodiments, the method comprises
arranging said first and second objects in an initial relative
arrangement and where said information is used for guid-
ing the first and second objects from the initial relative
arrangement to the first preferred relative arrangement.
[0038] In some embodiments, the calculation of the in-
formation also provides or is based on a calculated
planned movement, such as a planned movement based
on a previous relative arrangement and the first preferred
relative arrangement of the first and second objects. The
previous relative arrangement may be the initial relative
arrangement or a relative arrangement occurring be-
tween the initial and the current relative arrangement.
[0039] Not all steps needs to be performed in real-time.
For instance the calculation of information may occur with
a lower repetition rate than e.g. the 3D scanning. When
the 3D scanning shows that the relative movement of the
first and second objects occurs as planned, there is no
need for providing information to the operator after the
acquiring of each 3D scan.
[0040] In some embodiments, the 3D guiding system
comprises a motion sensor adapted to perform a motion
measurement of the movement of the first object
When the 3D guiding system comprises a motion sensor
the present relative arrangement of the first and second
objects can determined from said motion measurement.
The present relative arrangement can be determined
from the motion measurement alone or in combination
with information derived from a 3D scanning of the sec-
ond object and the 3D model.
[0041] In some embodiments, the program code for
determining said present relative arrangement takes into
account a result of the motion measurement, such that
the present relative arrangement of the first and second
objects can be determined from said motion measure-
ment.
[0042] In some embodiments, the 3D guiding system
comprises an orientation sensor adapted to perform an
orientation measurement of the first object. When the 3D
guiding system comprises an orientation sensor the
present relative arrangement of the first and second ob-
jects is determined from said orientation measurement.
The present relative arrangement can be determined
from the orientation measurement alone or in combina-
tion with information derived from a 3D scanning of the
second object and the 3D model.
In some embodiments, the program code for determining
the present relative arrangement takes into account a
result of the orientation measurement, such that the
present relative arrangement of the first and second ob-

jects can be determined from said orientation measure-
ment.
[0043] The present relative arrangement can be deter-
mined from the orientation measurement and the motion
measurement in combination.
[0044] From a well-defined initial relative arrangement
the motion sensor and/or the orientation sensors may be
used to determine the present relative arrangement at
various positions on the way to the first preferred relative
arrangement.
[0045] In some embodiments, the 3D scanning is per-
formed using said 3D scanner.
[0046] In some embodiments, the first object contacts
said second object in a target region of the second object
when the first and second objects are arranged in said
first preferred relative arrangement. The target region
may comprise the point of contact between the first and
second objects and optionally the immediately surround-
ing surface of the second object.
[0047] In some embodiments, the first object compris-
es a distal end which is configured to contact the target
region of the second object. The distal end may comprise
an entry part configured to enter the target region of said
second object. The shape of the entry part of said first
object may be taken into account when the first preferred
relative arrangement is derived.
[0048] In some embodiments, the first object compris-
es a proximal end which is configured for being held by
an operator or by a mechanical device such as a robot.
[0049] In some embodiments, the information is dis-
played using an information displaying device of said 3D
guiding system, where the information displaying device
is configured for displaying the information to an operator.
[0050] The information displaying device may be an
integral part of the 3D guiding system which is arranged
at the first object. In the case where the first object is a
"handheld" device, the information displaying device can
be part of what is handheld.
The information displaying device can in principle also
be arranged at some distance from the first object, such
as e.g. when the information displaying device is a device
connected to the handheld first object via a wired or a
wireless connection.
[0051] In some embodiments, the 3D guiding system
is attached to the first object. Instead of being attached
to the first objects, the guiding system may be an integral
part of it.
[0052] When the relative arrangement of the first and
second objects is influenced by other movements than
the relative movement provided by e.g. a human opera-
tor, such a displaying of the information may be essential
for obtaining the first preferred relative arrangement be-
tween the first and second objects. In the case of a dental
or surgical treatment on a patient, the patient may move
and this patient movement may be accounted for by real-
time determining the relative position and/or real-time
calculation of the information.
[0053] In some embodiments, the second object com-
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prises a one or more units that are to be welded or glued
together.
[0054] In some embodiments, the method comprises
estimating a surface deformation of the second object
when the second object e.g. is bend. In one case, a 3D
model of a patient is obtained while the patent is sitting
in one posture while during the movement of a scalpel
towards an entry point on the patient’s body, the patient
is sitting in a different posture. This change of posture
may cause problems. When the method comprises an
estimation of the change of the patient’s body during the
change of posture, such problems may be avoided.
[0055] In some embodiments, the calculation of the in-
formation for guiding the first and second objects towards
said first preferred relative arrangement takes into ac-
count the shape of the entry part of said first object.
[0056] In some embodiments, the first object compris-
es a drilling tool. The drilling tool may comprise a surgical
or dental drilling tool configured for drilling into a body
part, a tooth or the mandibular or maxillary bone of the
patient.
[0057] In some embodiments, the first object compris-
es a dental drilling tool configured for drilling into a tooth
or the mandibular or maxillary-bone of the patient.
[0058] In some embodiments, the method comprises
deriving further preferred relative arrangements between
the first and the second objects. The further preferred
relative arrangements may comprise one or more addi-
tional preferred relative arrangements. The first preferred
relative arrangement and the further additional preferred
relative arrangements may together form a preferred
path of the relative movement of the first and second
objects. The method may comprise guiding said relative
movement according to said preferred path. The 3D guid-
ing system may be configured for guiding said relative
movement according to said preferred path.
[0059] In some embodiments, the 3D guiding system
comprises program code for deriving further preferred
relative arrangements between the first and the second
objects.
[0060] At least part of the further preferred relative ar-
rangements may be such that they define intermediate
relative arrangements of a path defined by the initial and
the first preferred relative arrangement.
[0061] At least part of the further preferred relative ar-
rangements may be such that they define an extension
of a path defined by the initial and the first preferred rel-
ative arrangement, i.e. at least part of the further pre-
ferred relative arrangements represents a continuation
of a relative movement of the first and second object in
respect to the relative movement from the initial to the
first preferred relative arrangement.
[0062] In some embodiments, one or more of said fur-
ther preferred relative arrangements corresponds to an
arrangement where at least a portion of the distal end of
the first object is located below the surface of the second
object. In the context of the present invention, the phrase
"below the surface" may refer to a region located opposite

to the first object relative to the surface of the second
object when the objects are arranged in the initial relative
arrangement.
[0063] In some embodiments, obtaining a 3D model of
the second object comprises scanning at least a portion
of the second object and/or scanning at least a portion
of an impression of the second object, such that the 3D
model comprises data relating to the surface of said sec-
ond object. The scanned portion of the second object or
of the impression of the second object may correspond
to the region of the second object scanned using the 3D
scanner during the movement procedure.
[0064] In some embodiments, the 3D model of the sec-
ond object comprises data relating to the second object
and data relating to a planned modification of the second
object
[0065] In some embodiments, the second object re-
lates to the mandibular and/or maxillary of a patient and
said planned modification corresponds to a dental im-
plant or a hole which is planned to be defined in the man-
dibular or maxillary for accepting said dental implant. In
some embodiments, the modification is planned based
on information relating to the internal structure and/or the
surface of the second object.
[0066] In some embodiments, the planned modifica-
tion is taken into account when deriving the first preferred
relative arrangement from said 3D model.
[0067] In some embodiments, the planned modifica-
tion is taken into account by the program code for deriving
the first preferred relative arrangement from said 3D
model.
[0068] In some embodiments, the 3D model of the sec-
ond object is obtained prior to the movement procedure.
[0069] In some embodiments, the second object com-
prises a part a patient body, such as a region of the patient
body in which a surgical procedure is to be performed,
such as a region comprising skin, muscular tissue, bone
structure, and/or blood vessels.
[0070] In some embodiments, obtaining said 3D model
comprises data from a scanning of the surface of the
scanned region of said second object.
[0071] In some embodiments, scanning the surface of
the scanned region of said second object provides a vir-
tual 3D representation of the second object from which
the 3D model may be obtained. The virtual 3D represen-
tation can e.g. be a point cloud from which the 3D model
is generated by triangulation.
[0072] In some embodiments, a sub-surface scanning
of the interior structure of the scanned region of said sec-
ond object provides a virtual 3D representation of the
interior structure of the second object from which the 3D
model may be obtained. In some embodiments, the vir-
tual 3D representation is at least in part obtained by a
sub-surface scanning of the scanned region and/or target
region of said second object, such as by Magnetic Res-
onance Imaging, by an X-ray scanning or by a CT scan-
ning of the second object.
[0073] In some embodiments, the interior structure of
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the second object comprises nerves, root parts of teeth,
or the mandibular and/or maxillary bone structure.
[0074] In some embodiments, the interior structure of
the second object comprises nerves, bone structure, ar-
teries, and veins of a patient’s body.
[0075] In some embodiments, the 3D model of the sec-
ond object is obtained by combining data obtained by
scanning its surface and data obtained by scanning its
interior structure, such that the 3D model comprises data
relating to the surface and data relating to the interior
structure of the second object.
[0076] In some embodiments, the 3D model of the sec-
ond object comprises a 2D X-ray scan of the second ob-
ject arranged relative to a 3D scanning of the surface of
the second object, i.e. the 2D X-ray scan of the second
object is arranged relative to a surface of the second
object in the 3D model.
[0077] The target region may be part of the scanned
region, such that the target region is scanned during the
3D scanning. The target region may be at least partly
displaced from the scanned region, such that the 3D
scanning provides a scan comprising one or more re-
gions of the second object located outside the target re-
gion. The 3D scanning may comprise a scanning of off-
target regions of the second object, where these off-tar-
get regions are linked to the target regions, such that
determining the location of the off-target regions is used
to determine the relative arrangement of the first and sec-
ond object. This may be the case in applications where
the form of the second object is well-defined and deter-
mined prior to applying the invention or where alignment
marks are provided on a part of the second object which
is displaced from the target region. The displaced
scanned region is then scanned while the entry portion
of the first object is arranged relative to the target region
of the second object according to the first preferred rel-
ative arrangement.
[0078] In some embodiments, the 3D model is provid-
ed using a non-contact imaging method, such as a meth-
od based on electromagnetic or acoustic waves.
[0079] In some embodiments, the 3D guiding system
is configured to provide a 3D scanning of the at least the
scanned region of the second object.
[0080] In some embodiments, 3D scanning a region of
the second object provides a mapping of the surface of
the second object in the scanned region.
[0081] In some embodiments, 3D scanning a region of
the second object provides a mapping of an interior part
of the second object in the scanned region.
[0082] In some embodiments, each image or sub-scan
is obtained in one shot, i.e. each sub-scan is acquired
instantaneously without the use of e.g. a line-scanning
technique. In a line-scanning technique a line of light is
scanned across the scanning area and e.g. reflected light
is collected over time as the line scans across the scan-
ning area.
[0083] In some embodiments, the information is dis-
played by projecting a guiding signal onto the region of

the second object.
[0084] In some embodiments, the information display-
ing device of the 3D guiding system comprises a project-
ing device configured for projecting a guiding signal onto
a region of the second object, where the guiding signal
is based on the information.
[0085] The guiding signal may be projected onto a
point of contact, where contact is established between
the first and second objects when arranged according to
the first preferred relative arrangement.
[0086] The guiding signal may be guided towards a
point of entry, where an entry part of said first object is
to enter the target region of the second object.
[0087] The region of the second object onto which the
guiding signal is projected may comprise the target re-
gion or at least part of said target region.
[0088] In some embodiments, the information display-
ing device of the 3D guiding system comprises a display
and said information is displayed on said display as a
guiding signal.
[0089] In some embodiments, the guiding signal com-
prises a positioning signal. The positioning signal may
show the position of the target region on said second
object i.e. the positioning signal may show where the
distal end of the first object is to contact the second object.
The positioning signal may provide information relating
to the relative position of the first object and the second
object, such as to the position of the first object relative
to a preferred path.
[0090] In some embodiments, the guiding signal com-
prises an orientation signal. The orientation signal may
provide information relating to the relative orientation of
the first object and the second object, such as to the
relative orientation of the first and second objects com-
pared to the relative orientation of a preferred path. The
orientation signal may provide information relating to a
difference in the orientation of the present relative ar-
rangement compared to the orientation of the first pre-
ferred relative arrangement.
[0091] In some embodiments, the positioning signal
comprises a relatively brighter spot and said orientation
signal comprises a relatively less bright spot or vice ver-
sa.
[0092] In some embodiments, the positioning signal
comprises a relatively smaller area spot and said orien-
tation signal comprises a relatively larger area spot or
vice versa.
[0093] In some embodiments, the positioning signal
comprises a positioning color code, preferably config-
ured such that the color of the position indicator changes
when the first and second objects are approaching each
other towards the first preferred relative arrangement.
[0094] In some embodiments, the orientation signal
comprises an orientation color code, preferably config-
ured such that the color of the orientation indicator chang-
es when the first and second objects are approaching
each other towards the first preferred relative arrange-
ment.
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[0095] In some embodiments, a cross sectional geom-
etry of said positioning signal and/or of said orientation
signal is selected from the group of a cross, a dot, a circle,
or a polygon, such as a triangle, a square, rectangle, or
a pentagon.
[0096] In some embodiments, the guiding signal com-
prises an indicator signal and the orientation signal co-
incides with said indicator signal when the first and sec-
ond objects are arranged according to the orientation of
the first preferred relative arrangement.
[0097] In some embodiments, the guiding signal com-
prises a distance indicator providing information relating
to the distance between the first and second objects.
[0098] The orientation of the first object relative to a
position in the target region of the second object may be
expressed using a spherical coordinate system, where
the spherical coordinate system is arranged such that its
origin coincides with said position in the target region and
the zenith direction coincides with the surface normal of
the second object at said position. The position in the
target region may be a point of entry wherein the entry
part of the first object is to enter the second object. The
preferred arrangement of the first object relative to the
second object may then be expressed as a preferred
azimuthal angle and a preferred inclination. The distance
between the first and second objects may then be meas-
ured as the radial distance of the entry part from the po-
sition.
[0099] In some embodiments, the positioning signal
and said orientation signal are arranged concentrically
at least for some arrangements of the first and second
objects. The orientation signal may be configured to sur-
round the position signal at least when the present rela-
tive arrangement is close to the first preferred relative
arrangement or to a further preferred relative arrange-
ment.
[0100] In some embodiments, the 3D guiding system
comprises means for controlling the position of the guid-
ing signal based on the 3D scanning and the relative
arrangement of the first and second objects.
[0101] In some embodiments, the position of the guid-
ing signal is determined via the direction in which the
guiding signal is emitted from a light source of the 3D
guiding system. The means for controlling the position
of the guiding signal may then comprise beam controlling
optics and/or actuators for controlling the arrangement
of the guiding signal light source relative to the other parts
of the 3D guiding system.
[0102] In some embodiments, the 3D guiding system
is configured for obtaining a pre-process plan describing
a preferred path for the relative arrangement of the first
and second objects during their relative movement to-
wards the first preferred relative arrangement. In some
embodiments, a pre-process plan is provided, said pre-
process plan describing a preferred path for the relative
arrangement of the first and second objects during their
relative movement. The relative motion may be towards
the first preferred relative arrangement. The relative mo-

tion may extend further than the first preferred relative
arrangement along further preferred relative arrange-
ments.
[0103] The preferred path may substantially be fol-
lowed as the first and second objects approach the first
preferred relative arrangement. Deviations form said pre-
ferred path may be corrected in real-time by either bring-
ing the relative movement back to the planned preferred
path or by real-time adapting the path.
[0104] The 3D scanning of the second object may pro-
vide a scanning of the surface of the second object in its
scanning part. Techniques know for the skilled person
may be used for this part of the procedure.
[0105] The concept of the invention is generic and may
be applied in numerous applications such as for dental
treatments, surgical treatments, drilling in structures
such as walls wherein e.g. electrical wiring or water/gas
pipes are present, or for welding or gluing different struc-
tures together.
[0106] The invention may also be applied for the align-
ment of larger structures such as for parking cars or for
docking one structure in relation to another. The concept
of the invention provides no limitations to the size of the
object and the first object may e.g. be a shop docking a
harbor or a space shuttle docking to a space station.
[0107] The invention may be applied in medical treat-
ments such as for placing a stent in a blood vessel when
e.g. performing a balloon angioplasty of the coronary ar-
tery or for intragastric balloon surgery.
[0108] According to the invention, the 3D scanning pro-
vides a reading of the present relative arrangement of
the objects. This may comprise the relative position and
orientation of the first and second objects. The distance
between the first and second objects may be determined
from their relative position and/or by direct measurement.
Such a reading is provided by comparing the result of
the 3D scanning and the 3D model of the second object.
In the case of a dental procedure, the 3D model may be
of a set of teeth showing the surface and/or interior struc-
ture of the set of teeth. The 3D scanning may provide a
virtual 3D representation of the surface of the set of teeth
as seen from e.g. a drilling tool. By comparing the 3D
model and the result of the 3D scanning, the present
relative arrangement may be identified. Information for
guiding the drill towards its first preferred relative ar-
rangement may then be calculated and the information
may be displayed to the dentist who then may provide a
relative movement wherein the drill is moved towards the
target region of the set of teeth. This movement proce-
dure continues until the drill has reached the position and
orientation according to the first preferred relative ar-
rangement.
The invention may be applied in relation to a dental treat-
ment for guiding a dentist when performing an operation
on the dental situation of a patient. It may of significant
importance that contact between the drill and the nerves
in the teeth is avoided since a damaging of these nerves
may have severe effects for the patient.
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The first object is a dental tool, such as a dental drilling
tool, onto which the 3D guiding system is attached. The
second object comprises part of the dental situation of
the patient, such as a part of the teeth and/or of the man-
dibular or maxillary bone of the patient. The 3D model of
the second object may be obtained from a virtual 3D rep-
resentation of the dental situation by scanning the dental
situation, such as by scanning the dental situation by
means of an intraoral scanner and/or by scanning an
impression of the dental situation.
The first preferred relative arrangement may then refer
to an arrangement of the dental tool in relation to e.g. a
tooth or the mandibular or maxillary bone of the patient.
[0109] A 3D model of the dental situation of the patient
may be provided from a scanning of the teeth and/or the
mandibular or maxillary bone. The surface of the teeth
may be scanned by means of an optical based intraoral
scanner or by scanning an impression of the dental sit-
uation. A CT-scan may provide knowledge of the location
of the nerves in the dental situation and together with the
scan of the surface of the set of teeth form the 3D model
used for calculating the first preferred relative arrange-
ment of the drill and the set of teeth. In fact the CT scan-
ning may also provide information relating to the surface
of the second object. The first preferred relative arrange-
ment may be such that the drill contacts the surface of a
tooth which is to be exposed to a procedure. The pre-
ferred orientation may be such that the drill can move
along its longitudinal direction at least over some length
without hitting a nerve. When the dentist moves the dental
drilling tool with the attached 3D guiding system towards
the dental situation, the 3D guiding systems displays the
relative position of the drill and the dental situation. The
displaying may comprise projecting a positioning signal
onto the tooth in the target region where the drill touches
the tooth, while the orientation signal may comprise a
ring with a dot indicating the deviation of the azimuthal
and inclination of the present orientation from the azi-
muthal and inclination of the orientation of the first pre-
ferred relative arrangement. When the dentist changes
the orientation of the drilling tool, the ring and dot changes
such that the dentist is guided towards the preferred ar-
rangement of the drill relative to the dental situation of
the patient.
[0110] When the invention is applied in relation to a
dental implant treatment the first preferred relative ar-
rangement of a dental drilling tool and e.g. the mandibular
or maxillary bone of the patient such that the dental drill-
ing tool is aligned to drill into the mandibular or maxillary
bone. Prior to the commencement of the implant proce-
dure, the vital structures such as the inferior alveolar
nerve or the sinus are preferably identified. The shape
and dimensions of the mandibular or maxillary bone may
also be mapped such that the implant may be arranged
in the most advantageous place and orientation. The 3D
model of the dental situation of the set of teeth may be
obtained from e.g. 2D radiographs, such as orthopanto-
mographs or periapicals, or from a CT scan. The planning

may involve the use of 3D CAD/CAM software
[0111] In one work-flow for determining a first preferred
relative arrangement, a CT scan of a patient’s dental sit-
uation is obtained initially. From a 3D model of the dental
situation formed from the CT scan, the position and ori-
entation of an implant is planned. The position and ori-
entation of the hole in the mandibular or maxillary which
is to accept the dental implant is then planned from the
planned implant position and orientation. From the
planned hole/implant position and orientation, a modified
3D model of the second object is generated where the
planned implant/implant hole is indicated. From the mod-
ified 3D model, the first preferred relative arrangement
can be determined
[0112] The invention may also be applied in relation
the surgical procedures. In this case the first object may
comprise a scalpel tool adapted to cut open the patient,
where the 3D guiding system is attached to the scalpel
tool. The second object may be the patient such that the
3D model comprises a model of the skin and preferably
the parts of the body arranged below the skin of the pa-
tient. This may be blood vessels or bone structure. The
first preferred relative arrangement may be such that a
surgeon can cut open the patient in the target region with-
out inflicting unnecessary damage to the patient once
the guiding is followed by the surgeon. The position of
the target region may be indicated with the position sig-
nal, which may comprise a cross or a dot. The orientation
signal may be a larger ring surrounding the position sig-
nal. When cutting into the patient, i.e. bringing the scalpel
further into the patient’s body, the preferred orientation
may change and further preferred arrangements may be
calculated based on the 3D model. The orientation signal
may change accordingly as the scalpel progresses guid-
ing the surgeon to perform the preferred cut such that
the extent of damage is mitigated.
Access to the part of the body may have been provided
prior to the process, such as prior to the part of the method
involving obtaining a 3D model of the second object. The
3D model may also be obtained initially and then a first
procedure is performed to e.g. open the chest of the pa-
tient before the method according to the present inven-
tion is applied.
[0113] The requirement to the precision in the relative
arrangement of the first and second objects may be very
strict, such that the first preferred relative arrangement
is unique. The precision requirement may be less strict,
such that the first preferred relative arrangement may
comprise an interval of relative arrangements. For exam-
ple a gluing tool may have different azimuthal angles rel-
ative to an object onto which it is about to apply glue.
When using a guiding signal comprising a positioning
signal and/or an orientation signal the change of the sig-
nals which indicate that the first preferred relative ar-
rangement has been reached may occur when the rela-
tive arrangement of the first and second objects is suffi-
ciently close to the optimal relative arrangement such
that it is within the required precision.
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[0114] The 3D scanner of the 3D guiding system may
comprise a number of parts, such as one or more probe
light sources and one or more cameras configured to
obtain a virtual 3D representation of said second object.
[0115] The 3D scanner may be constructed in various
ways known to the skilled person.
[0116] One realization of a 3D scanner comprises a
camera comprising an array of sensor elements and a
probe light source configured for generating a probe light.
The probe light may be transmitted towards the second
object thereby illuminating at least the scanned region of
the second object, and light returned from the second
object may be transmitted to the array of sensor ele-
ments. The 3D scanner may further comprise a first op-
tical system for imaging with a first depth of field on the
camera at least part of the transmitted light returned from
the second object to the array of sensor elements and a
focus plane shifting device configured for varying the po-
sition of the focus plane on the second object. Further,
the 3D scanner may be configures to obtain at least one
image from said array of sensor elements and to deter-
mining the in-focus position(s) of each of a plurality of
the sensor elements for a range of focus plane positions,
or each of a plurality of groups of the sensor elements
for a range of focus plane positions. The scanner may
further be configured for transforming the in-focus data
into 3D coordinates.
[0117] The camera may comprise a lens and a sensor
array such as a CCD or CMOS chip. In some embodi-
ments, a filter placed in front of the sensor array. The
effect of the filter may be that only light with approximately
the desired wavelength passes the filter. This makes it
feasible to separate different light sources in the 3D scan-
ner and remove most of the background light. Alterna-
tively, the camera may be color sensitive.
The camera may be arranged such that it is configured
to record images, from where the relative position and
orientation of the first and second objects may be deter-
mined.
[0118] The 3D guiding system may comprise one or
more light sources such as a probe light source for the
3D scanner and a signal light source for providing a guid-
ing signal. The light sources may be lasers, variable out-
put-powered laser, light emitting diodes (LED), halogen
spots or other spotlights. The generated light may be
supplied directly from a light source arranged e.g. near
a distal end of the first object, or it may be supplied with
optical waveguides, such as optical fibers. In some ap-
plications it might be relevant to use monochromatic, co-
herent or polarized light. Note that the light may be pro-
jected onto the surface of the second object without dam-
aging the surface even when lasers provide the light. The
probe light source and/or the signal light source may emit
light in the ultraviolet range, in the visible range and/or
in the infrared range. The probe light source and/or the
signal light source may be adapted to emit coherent light,
polarized light, monochromatic light, or light at different
frequencies, such as light in two or more frequency rang-

es. Various filters may be applied to the probe light source
and/or to the signal light source.
[0119] The 3D guiding system may work with only one
light source, but for many purposes it is advantageous
to have several such as at least two light sources. One
or more probe light sources may be used in the 3D scan-
ner while one or more signal light sources may be con-
figured to provide the guiding signal projected onto the
second object.
[0120] For some applications, the light sources are
preferably as small as possible to minimize the dimen-
sions of the 3D guiding system. It is contemplated that
the light source may have a cross section perpendicular
to the direction of emitted light of less than 5 mm2, pref-
erably less than 4 mm2, for example less than 3 mm2,
such as less than 2 mm2, for example less than 1 mm2,
such as less than 0.5 mm2, for example less than 0.25
mm2.
[0121] Handheld embodiments of the invention may
comprise motion sensors such as accelerometers and/or
gyros. These micro electro mechanical systems (MEMS)
may measure all motion in 3D, i.e., both translations and
rotations for the three principal coordinate axes.
Disclosed is also a computer program product compris-
ing program code means for causing a data processing
system to perform the method according to the present
invention when said program code means are executed
on the data processing system, and a computer program
product comprising a computer-readable medium having
stored there on the program code means.
[0122] In some embodiments, a touch sensor is ar-
ranged in connection with the distal end of the first object,
such that the touch sensor is adapted to register contact
with the second object. The touch sensor may comprise
a tactile component at the distal end. The touch sensor
may be a capacitive sensor.
[0123] Disclosed is also a nontransitory computer
readable medium storing thereon a computer program,
where said computer program is configured for causing
computer-assisted implementation of one or more parts
of the method according to the present invention.

Brief description of the drawings

[0124] The above and/or additional objects, features
and advantages of the present invention, will be further
elucidated by the following illustrative and nonlimiting de-
tailed description of embodiments of the present inven-
tion, with reference to the appended drawings, wherein:

Figure 1 shows a schematic presentation of a first
object and a second object where a 3D guiding sys-
tem is attached to the first object.

Figure 2 shows a schematic presentation of a dental
application of the invention.

Figure 3 illustrates a guiding signal according to the
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invention and the change of the guiding signal during
a relative movement of the first and second objects.

Figure 4 illustrates a guiding signal according to the
invention and the change of the guiding signal during
a relative movement of the first and second objects.

Fig.5 shows a schematic of a method.

Fig.6 shows a schematic of a first object with a 3D
guiding system according to the present invention.

Figs.7 and 8 shows a schematic of how an embod-
iment of the 3D guiding system guides the first object
towards a first preferred relative arrangement.

In the following description, reference is made to the ac-
companying figures, which show by way of illustration
how the invention may be practiced.
[0125] Figure 1 shows a schematic presentation of a
first object and a second object with a 3D guiding system
attached to the first object.
The first object 11 has at its distal end a structure 13
which is configured to mate with a recess 14 at the target
region of the second object 12. In this example the first
preferred relative arrangement is such that the structure
13 is mated with the recess 14. The 3D guiding system
15 is attached to the first object 11, such that it can provide
3D scanning of the surface of the second object as the
first and second objects approach the first preferred rel-
ative arrangement.
The relative movement of the first object 11 and the sec-
ond object 12 may be provided by an operator or by e.g.
a robotic device not illustrated in the figure. During the
relative motion the guiding system 15 provides a real-
time 3D scanning of the second object and the result of
the 3D scanning is used for calculating information that
is provided to e.g. an operator in real-time in the form of
a guiding signal projected onto the second object.
In this example, the recess is visible such that the first
preferred relative arrangement easily can be identified
by an operator. In many applications, the first preferred
relative arrangement is not visually accessible, but de-
pends in an inner structure of the second object. The can
e.g. be the case in a dental procedure, where the roots
of a patient’s tooth influences the first preferred relative
arrangement, or in a surgical procedure where the posi-
tion of bone structure and arteries below the patient’s
skin can be of importance.
[0126] Figure 2 shows a schematic presentation of a
dental application of the invention.
In Fig. 2a, the first object is a dental drilling tool 21 while
the second object is part of the dental situation of a pa-
tient. In this example, the method and the 3D guiding
system is described in relation to a procedure for prepar-
ing the patient’s mandibular or maxillary bone for accept-
ing a dental implant, but the invention is generic and is
not limited to this dental application. The drilling proce-

dure is for providing a hole in the mandibular or the max-
illary bone such that the implant may be arranged as a
root-form endosseous implant.
The 3D model can be formed by combining surface data
from a surface scanning and data relating to the interior
structure obtained by X-ray based scanning showing the
interior structure of at least part of the set of teeth and
the mandibular or maxillary bone. Preferably the scan-
ning showing the interior structure provides information
relating to the location of the nerves in the set of teeth,
such as the inferior Alveolar nerve and/or the mental
nerve, such that the guiding system can guide the motion
of the drilling tool in a manner whereby drilling into these
nerves is prevented. The sub-surface scanning deter-
mining the interior structure of the tooth may comprise a
CT scanning of the dental situation. The tooth originally
being located at the site where the implant is to be ar-
ranged may have been removed prior to the drilling. The
first preferred relative arrangement may thus be such
that the drilling tool when starting to drill will provide the
hole for the implant without colliding with the nerves.
[0127] The 3D guiding system 25 is attached to the
dental drilling tool 21. The 3D scanner of the 3D guiding
system may be configured for intraoral scanning of the
teeth to provide a virtual 3D representation of the set of
teeth, from which virtual 3D representation a new 3D
model of the dental situation may be determined on the
fly. From a comparison of the new 3D model and the
obtained 3D model, the present relative arrangement
may be determined.
A guiding signal 26 is projected on the target region of a
tooth 24 by the 3D guiding system. The guiding signal
illustrated here is a slightly deformed circular structure
due to the shape of the tooth. The guiding signal 26 com-
prises a position signal and an orientation signal here
illustrated as a dot in the center and the outer ring, re-
spectively. The inner one of the two rings is an indicator
signal ring showing the inclination of the first preferred
relative arrangement. The 3D guiding system 25 is con-
figured for directing the guiding signal onto the target
region where the dental drilling tool 21 must drill into the
tooth. The guiding signal 26 may be directed using e.g.
mirrors or optical waveguides, such as optical
waveguides.
[0128] The guiding signal can also be visualized by an
information displaying device on which the information
is visualized using e.g. a screen. The screen can be an
integral part of the 3D guiding system.
[0129] Fig. 2b shows a close-up of the tooth 24 and
guiding signal of Fig. 2a, where the guiding signal consist
of the position signal 37, an indicator signal ring 40, and
an orientation signal with an orientation signal ring 38
and an orientation signal dot 39. The orientation signal
dot 39 and the indicator signal ring 40 show the azimuthal
angle and the inclination of the first preferred relative ar-
rangement, respectively.
[0130] Figure 3 illustrates a guiding signal according
to the invention and the change of the guiding signal dur-
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ing a relative movement of the first and second objects.
The first object 31 may e.g. be a scalpel configured for
cutting into the second object, i.e. into the patient. The
figures 3a-3c illustrate the change of the guiding signal
36 as the scalpel approaches the skin of the patient to a
first preferred relative arrangement where the distal end
of the scalpel is in contact with the target region of the
patient skin.
[0131] In Fig. 3a the scalpel is not in contact with the
patient skin. The 3D guiding system 3D scans the surface
of the patient, calculates the information, and projects
the guiding signal 36 onto the patient skin thereby guiding
the surgeon to the target region of the skin. The guiding
signal 36 comprises a position signal 37 and an orienta-
tion signal 38, 39. Here the orientation signal comprises
an orientation signal ring 38 (full line circle) and an ori-
entation signal dot 39. The orientation signal ring 38 pro-
vides a measure of the inclination of the scalpel in the
present relative arrangement. The indicator signal ring
40 (dotted line circle) of the indicator signal shows the
inclination of the first preferred relative arrangement. The
orientation signal dot 39 shows the azimuthal angle of
the first preferred relative arrangement.
[0132] In Fig. 3b the scalpel has been placed such that
its distal end contacts the patient skin at the target region
and such that the azimuthal angle of the present relative
arrangement matches that of the first preferred relative
arrangement. Compared with the present relative ar-
rangement of Fig. 3a the inclination is also closer to the
first preferred relative arrangement as seen by the de-
crease in the radius of the orientation signal ring 38 to-
wards the indicator signal ring 40.
[0133] In Fig. 3c the inclination of the scalpel is opti-
mized such that the orientation signal ring (full line) co-
incides with the indicator signal ring (dotted line). The
scalpel is now arranged according to the first preferred
relative arrangement and the surgeon is ready to perform
a cut into the patient’s skin.
[0134] Figure 4 illustrates a guiding signal according
to the invention and the change of the guiding signal dur-
ing a relative movement of the first and second objects.
In Figure 4, the preferred relative arrangement of the scal-
pel and the patients skin/body changes as the surgeon
cuts into the patient and a further preferred relative ar-
rangement is illustrated in Fig. 4b. Here the azimuthal
angle of the further preferred relative arrangement differs
from that of the first preferred relative arrangement as
indicated by the movement of the orientation signal dot
39 and the surgeon needs to adjust the azimuthal angle
of the scalpel relative to the body. In real-life, the change
between preferred relative arrangements may often be
smooth and gradual.
[0135] The steps illustrated in Figures 3 and 4 are ge-
neric for the invention and a similar relative movement
could be seen for a dental treatment or a welding of two
metal plates.
[0136] Fig.5 shows a schematic of a method. Initially
in step 101 the first object is obtained. On the first object,

a 3D guiding system is attached, where said 3D guiding
system comprises a 3D scanner.
In step 102 the second object and a 3D model of the
second object is obtained. The second object and the 3D
model of this may have an interior structure which is to
be kept clear of during a modification of the second ob-
ject.
In step 103, a first preferred relative arrangement be-
tween the first and second objects is derived from said
3D model. The first preferred relative arrangement may
such that the first object keeps clear of the interior struc-
ture during a modification of the second object by the first
object.
The movement procedure comprises steps 104-106:

In step 104 a 3D scanning at least a region of said
second object using said 3D scanner is performed
and a present relative arrangement of the first and
second objects is determined from a result of the 3D
scanning.
In step 105 the information for guiding the relative
movement of the first and second objects towards
said first preferred relative arrangement from said
present relative arrangement is calculated.
In step 106 a relative movement of said first and sec-
ond objects towards the first preferred relative ar-
rangement is provided, where the calculated infor-
mation is used for guiding the relative movement.

[0137] Fig.6 shows a schematic of a first object with a
3D guiding system according to the present invention.
The 3D guiding system is attached to a dental drilling tool
21 with a distal end 211. The 3D guiding system com-
prises a 3D scanner 251 configured for performing a 3D
scanning of the second object when this is arranged with-
in the view of the 3D scanner 251. The 3D guiding system
further comprises a non-transitory computer-readable
medium 252. This medium stores a 3D model of the sec-
ond object and various program code for e.g. determining
a present relative arrangement of the first and second
objects from a result of a 3D scanning of the second
object, and for calculating information for guiding the rel-
ative movement of the first and second objects towards
a first preferred relative arrangement from said present
relative arrangement. Based on the calculated informa-
tion, the information displaying device 253 (here a laser
system configured for providing the guiding signal)
projects the guiding signal onto the target region of the
second object (here a dental situation). The dental situ-
ation can be a tooth from which the drill is intended to
remove tooth material, or a maxillary or mandibular bone
into which the drill is intended to form a hole for an implant.
[0138] Figs.7 and 8 shows a schematic of how an em-
bodiment of the 3D guiding system guides the first object
towards a first preferred relative arrangement. The 3D
guiding system is attached onto the first object 21 (here
illustrated as a dental drilling tool) and comprises a 3D
scanner 251 configured for performing a 3D scanning of
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a region of the second object 12. The 3D guiding system
further comprises a non-transitory computer-readable
medium 252 and an information displaying device 253,
which here is a laser system configured for projecting the
guiding signal 26 onto the target region 121 of the second
object 12. Program code stored on the non-transitory
computer-readable medium 252 calculates information
relating to where the guiding signal 26 is to be projected
on the second object 12, and actuators and/or optical
components in the information displaying device 253 are
controlled based on this information such that the guiding
signal is projected onto the correct part of the second
object. The shape of the guiding signal and the direction
in which it is emitted is adjusted as the relative position
of the first and second objects changes. Fig. 8 illustrates
the situation where the first object is brought closer to
the second object than in Fig. 7, and where the first object
has been moved slightly along the surface of the second
object. The direction of the guiding signal is accordingly
adjusted such that the guiding signal still is projected onto
the target region. Further the shape is adjusted if the
relative orientation changes.
[0139] Some embodiments have been described and
shown in detail, the invention is not restricted to them,
but may also be embodied in other ways within the scope
of the subject matter defined in the following claims. In
particular, it is to be understood that other embodiments
may be utilised and structural and functional modifica-
tions may be made without departing from the scope of
the present invention.
[0140] In device claims enumerating several means,
several of these means can be embodied by one and the
same item of hardware. The mere fact that certain meas-
ures are recited in mutually different dependent claims
or described in different embodiments does not indicate
that a combination of these measures cannot be used to
advantage.
[0141] A claim may refer to any of the preceding claims,
and "any" is understood to mean "any one or more" of
the preceding claims.
[0142] It should be emphasized that the term "compris-
es/comprising" when used in this specification is taken
to specify the presence of stated features, integers, steps
or components but does not preclude the presence or
addition of one or more other features, integers, steps,
components or groups thereof.
[0143] The features of the method described above
and in the following may be implemented in software and
carried out on a data processing system or other process-
ing means caused by the execution of computer-execut-
able instructions. The instructions may be program code
means loaded in a memory, such as a RAM, from a stor-
age medium or from another computer via a computer
network. Alternatively, the described features may be im-
plemented by hardwired circuitry instead of software or
in combination with software.

Claims

1. A 3D guiding system (25) for guiding the movement
of a dental tool (21) towards a preferred arrangement
relative to a dental situation (12) of a patient, the 3D
guiding system (25) being adapted to be attached to
the dental tool (21), where the 3D guiding system
comprises:

- a 3D scanner (251) configured for performing
a 3D scanning of the dental situation (12);
- a non-transitory computer-readable medium
(252) storing:

• a 3D model of the dental situation (12);
• program code for determining a present
relative arrangement of the dental tool (21)
and the dental situation (12) from a compar-
ison of a result of a 3D scanning and the 3D
model of the dental situation (12); and
• program code for calculating information
for guiding the relative movement of the
dental tool (21) and the dental situation (12)
towards a first preferred relative arrange-
ment from said present relative arrange-
ment, the first preferred relative arrange-
ment being such that the dental tool (21) is
adjacent to the dental situation (12) with a
preferred orientation relative to the dental
situation (12); and

- an information displaying device (253) config-
ured for displaying the calculated information to
an operator.

2. The 3D guiding system according to claim 1, wherein
said information displaying device (253) comprises
a projecting device configured for projecting a guid-
ing signal (26) onto a region of the dental situation
(12), where the guiding signal is based on the cal-
culated information.

3. The 3D guiding system according to claim 1 or 2,
wherein the non-transitory computer-readable me-
dium (252) further stores program code for deriving
from said 3D model the first preferred relative ar-
rangement between the dental tool (21) and the den-
tal situation (12).

4. The 3D guiding system according to any of the pre-
vious claims, wherein the 3D guiding system (25)
comprises program code for deriving further addi-
tional preferred relative arrangements between the
dental tool (21) and the dental situation (12), and the
first preferred relative arrangement and the further
additional preferred relative arrangements together
form a preferred path of the relative movement of
the dental tool (21) and the dental situation (12), and
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where the 3D guiding system is configured for guid-
ing said relative movement according to said pre-
ferred path.

5. The 3D guiding system according to claim 4, wherein
one or more of said further additional preferred rel-
ative arrangements corresponds to an arrangement
where at least a portion of a distal end (211) of the
dental tool (21) is located below the surface of the
dental situation (12), and the 3D model comprises
data relating to an interior structure of a scanned
region of the dental situation (12).

6. The 3D guiding system according to any of the pre-
ceding claims wherein the 3D model of the dental
situation (12) comprises data relating to the dental
situation (12) and data relating to a planned modifi-
cation of the dental situation (12), and the program
code for deriving the first preferred relative arrange-
ment from said 3D model is configured to take the
planned modification into account.

7. The 3D guiding system according to claim 6, wherein
the dental situation (12) relates to the mandibular or
maxillary of a patient and the planned modification
corresponds to a hole which is planned to be defined
in the mandibular or maxillary for accepting a dental
implant.

8. The 3D guiding system according to any of the pre-
vious claims, wherein said 3D model comprises data
relating to a surface of a scanned region of the dental
situation (12).

9. The 3D guiding system according to any of claims 2
to 8, wherein said guiding signal comprises a posi-
tioning signal (37) and/or an orientation signal (38).

10. The 3D guiding system according to claim 9, wherein
said positioning signal (37) shows the position of a
target region on the dental situation (12).

11. The 3D guiding system according to claim 9 or 10,
wherein said orientation signal (38) provides infor-
mation relating to a difference in the orientation of
the present relative arrangement compared to the
orientation of the first preferred relative arrange-
ment.

12. The 3D guiding system according to any of claims 9
to 11, wherein:

- said positioning signal (37) comprises a rela-
tively brighter spot and said orientation signal
(38) comprises a relatively less bright spot,
and/or
- said positioning signal (37) comprises a rela-
tively smaller area spot and said orientation sig-

nal (38) comprises a relatively larger area spot,
and/or
- said positioning signal (37) comprises a posi-
tioning color code configured such that the color
of the position indicator changes when the den-
tal tool (21) and the dental situation (12) are ap-
proaching the first preferred relative arrange-
ment,
and/or
- said orientation signal (38) comprises an ori-
entation color code configured such that the
color of the orientation indicator changes when
the dental tool (21) and dental situation (12) are
approaching the first preferred relative arrange-
ment.

13. The 3D guiding system according to any of clams 9
to 11, wherein the guiding signal comprises an indi-
cator signal (40), and wherein the orientation signal
(38) coincides with said indicator signal when the
dental tool (21) and the dental situation (12) are ar-
ranged according to the orientation of the first pre-
ferred relative arrangement.

14. The 3D guiding system according to any of claims 1
and 3 to 13, wherein said information displaying de-
vice (253) of the 3D guiding system comprises a dis-
play on which said information is displayed as a guid-
ing signal.

Patentansprüche

1. 3D-Lenksystem (25) zum Lenken der Bewegung ei-
nes Dentalwerkzeugs (21) zu einer bevorzugten An-
ordnung relativ zu einer Gebisssituation (12) eines
Patienten, wobei das 3D-Lenksystem (25) ausgebil-
det ist, am Dentalwerkzeug (21) befestigt zu werden,
wobei das 3D-Lenksystem umfasst:

- einen 3D-Scanner (251), der konfiguriert ist,
einen 3D-Scan der Gebisssituation (12) durch-
zuführen;
- ein nicht transitorisches, computerlesbares
Medium (252), das speichert:

• ein 3D-Modell der Gebisssituation (12);
• einen Programmcode zum Ermitteln einer
gegenwärtigen relativen Anordnung des
Dentalwerkzeugs (21) und der Gebisssitu-
ation (12) aus einem Vergleich eines Ergeb-
nisses eines 3D-Scans und des 3D-Modells
der Gebisssituation (12): und
• einen Programmcode zum Berechnen von
Informationen zum Lenken der relativen Be-
wegung des Dentalwerkzeugs (21) und der
Gebisssituation (12) zu einer ersten bevor-
zugten relativen Anordnung aus der gegen-
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wärtigen relativen Anordnung, wobei die
erste bevorzugte relative Anordnung derart
ist, dass das Dentalwerkzeug (21) neben
der Gebisssituation (12) mit einer bevorzug-
ten Ausrichtung relativ zur Gebisssituation
(12) liegt; und

- eine Informationsanzeigevorrichtung (253),
die konfiguriert ist, einem Bediener die berech-
neten Informationen anzuzeigen.

2. 3D-Lenksystem nach Anspruch 1, wobei die Infor-
mationsanzeigevorrichtung (253) eine Projektions-
vorrichtung umfasst, die konfiguriert ist, ein Lenksi-
gnal (26) auf eine Region der Gebisssituation (12)
zu projizieren, wobei das Lenksignal auf den berech-
neten Informationen beruht.

3. 3D-Lenksystem nach Anspruch 1 oder 2, wobei das
nicht transitorische, computerlesbare Medium (252)
weiter einen Programmcode zum Ableiten der ersten
bevorzugten relativen Anordnung zwischen dem
Dentalwerkzeug (21) und der Gebisssituation (12)
aus dem 3D-Modell speichert.

4. 3D-Lenksystem nach einem der vorstehenden An-
sprüche, wobei das 3D-Lenksystem (25) einen Pro-
grammcode zum Ableiten weiterer zusätzlicher be-
vorzugter relativer Anordnungen zwischen dem
Dentalwerkzeug (21) und der Gebisssituation (12)
umfasst und die erste bevorzugte relative Anord-
nung und die weiteren zusätzlichen bevorzugten re-
lativen Anordnungen gemeinsam einen bevorzug-
ten Pfad der relativen Bewegung des Dentalwerk-
zeugs (21) und der Gebisssituation (12) bilden und
wobei das 3D-Lenksystem konfiguriert ist, die rela-
tive Bewegung gemäß dem bevorzugten Pfad zu
lenken.

5. 3D-Lenksystem nach Anspruch 4, wobei eine oder
mehrere der weiteren zusätzlichen bevorzugten re-
lativen Anordnungen einer Anordnung entspricht,
wo zumindest ein Teil eines distalen Endes (211)
des Dentalwerkzeugs (21) unter der Oberfläche der
Gebisssituation (12) gelegen ist und das 3D-Modell
Daten umfasst, die sich auf eine innere Struktur einer
gescannten Region der Gebisssituation (12) bezie-
hen.

6. 3D-Lenksystem nach einem der vorstehenden An-
sprüche, wobei das 3D-Modell der Gebisssituation
(12) Daten umfasst, die sich auf die Gebisssituation
(12) beziehen, und Daten, die sich auf eine geplante
Veränderung der Gebisssituation (12) beziehen, und
der Programmcode zum Ableiten der ersten bevor-
zugten relativen Anordnung aus dem 3D-Modell
konfiguriert ist, die geplante Veränderung zu berück-
sichtigen.

7. 3D-Lenksystem nach Anspruch 6, wobei sich die Ge-
bisssituation (12) auf das Unterkiefer oder Oberkie-
fer eines Patienten bezieht und die geplante Verän-
derung einem Loch entspricht, das laut Planung im
Unterkiefer oder Oberkiefer zur Aufnahme eines
Zahnimplantats definiert werden soll.

8. 3D-Lenksystem nach einem der vorstehenden An-
sprüche, wobei das 3D-Modell Daten umfasst, die
sich auf eine Oberfläche einer gescannten Region
der Gebisssituation (12) beziehen.

9. 3D-Lenksystem nach einem der Ansprüche 2 bis 8,
wobei das Lenksignal ein Positionierungssignal (37)
und/oder ein Ausrichtungssignal (38) umfasst.

10. 3D-Lenksystem nach Anspruch 9, wobei das Posi-
tionierungssignal (37) die Position einer Zielregion
auf der Gebisssituation (12) zeigt.

11. 3D-Lenksystem nach Anspruch 9 oder 10, wobei das
Ausrichtungssignal (38) Informationen bezüglich ei-
ner Differenz in der Ausrichtung der gegenwärtigen
relativen Anordnung verglichen mit der Ausrichtung
der ersten bevorzugten relativen Anordnung liefert.

12. 3D-Lenksystem nach einem der Ansprüche 9 bis 11,
wobei

- das Positionierungssignal (37) einen relativ
helleren Fleck umfasst und das Ausrichtungssi-
gnal (38) einen relativ weniger hellen Fleck um-
fasst,
und/oder
- das Positionierungssignal (37) einen Fleck mit
einer relativ kleineren Fläche umfasst und das
Ausrichtungssignal (38) einen Fleck mit einer re-
lativ größeren Fläche umfasst,
und/oder
- das Positionierungssignal (37) einen Positio-
nierungsfarbcode umfasst, der konfiguriert ist,
sodass sich die Farbe des Positionsindikators
ändert, wenn sich das Dentalwerkzeug (21) und
die Gebisssituation (12) der ersten bevorzugten
relativen Anordnung nähern,
und/oder
- das Ausrichtungssignal (38) einen Ausrich-
tungsfarbcode umfasst, der konfiguriert ist, so-
dass sich die Farbe des Ausrichtungsindikators
ändert, wenn sich das Dentalwerkzeug (21) und
die Gebisssituation (12) der ersten bevorzugten
relativen Anordnung nähern.

13. 3D-Lenksystem nach einem der Ansprüche 9 bis 11,
wobei das Lenksignal ein Indikatorsignal (40) um-
fasst und wobei das Ausrichtungssignal (38) mit dem
Indikatorsignal übereinstimmt, wenn das Dental-
werkzeug (21) und die Gebisssituation (12) gemäß
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der Ausrichtung der ersten bevorzugten relativen
Anordnung angeordnet sind.

14. 3D-Lenksystem nach einem der Ansprüche 1 und 3
bis 13, wobei die Informationsanzeigevorrichtung
(253) des 3D-Lenksystems eine Anzeige umfasst,
auf der die Informationen als ein Lenksignal ange-
zeigt sind.

Revendications

1. Système de guidage 3D (25) pour guider le mouve-
ment d’un outil dentaire (21) vers un agencement
préféré par rapport à une situation dentaire (12) d’un
patient, le système de guidage 3D (25) étant adapté
pour être fixé à l’outil dentaire (21), dans lequel le
système de guidage 3D comprend :

- un scanner 3D (251) configuré pour effectuer
un scan 3D de la situation dentaire (12) ;
- un support lisible par ordinateur non transitoire
(252) stockant :

• un modèle 3D de la situation dentaire (12) ;
• un code de programme pour déterminer
un agencement relatif présent de l’outil den-
taire (21) et de la situation dentaire (12) à
partir d’une comparaison d’un résultat d’un
scan 3D et du modèle 3D de la situation
dentaire (12) ; et
• un code de programme pour calculer des
informations pour le guidage du mouve-
ment relatif de l’outil dentaire (21) et de la
situation dentaire (12) vers un premier
agencement relatif préféré à partir dudit
agencement relatif présent, le premier
agencement relatif préféré étant tel que
l’outil dentaire (21) est adjacent à la situa-
tion dentaire (12) avec une orientation pré-
férée par rapport à la situation dentaire
(12) ; et

- un dispositif d’affichage d’informations (253)
configuré pour afficher les informations calcu-
lées à un opérateur.

2. Système de guidage 3D selon la revendication 1,
dans lequel ledit dispositif d’affichage d’informations
(253) comprend un dispositif de projection configuré
pour la projection d’un signal de guidage (26) sur
une région de la situation dentaire (12), où le signal
de guidage est basé sur les informations calculées.

3. Système de guidage 3D selon la revendication 1 ou
2, dans lequel le support lisible par ordinateur non
transitoire (252) stocke en outre un code de pro-
gramme pour la dérivation à partir dudit modèle 3D

du premier agencement relatif préféré entre l’outil
dentaire (21) et la situation dentaire (12).

4. Système de guidage 3D selon l’une quelconque des
revendications précédentes, dans lequel le système
de guidage 3D (25) comprend un code de program-
me pour la dérivation d’autres agencements relatifs
préférés supplémentaires entre l’outil dentaire (21)
et la situation dentaire (12), et le premier agence-
ment relatif préféré et les autres agencements rela-
tifs préférés supplémentaires forment ensemble un
trajet préféré du mouvement relatif de l’outil dentaire
(21) et de la situation dentaire (12), et où le système
de guidage 3D est configuré pour guider ledit mou-
vement relatif selon ledit trajet préféré.

5. Système de guidage 3D selon la revendication 4,
dans lequel un ou plusieurs desdits autres agence-
ments relatifs préférés supplémentaires correspond
à un agencement où au moins une partie d’une ex-
trémité distale (211) de l’outil dentaire (21) est située
sous la surface de la situation dentaire (12), et le
modèle 3D comprend des données relatives à une
structure intérieure d’une région scannée de la si-
tuation dentaire (12).

6. Système de guidage 3D selon l’une quelconque des
revendications précédentes dans lequel le modèle
3D de la situation dentaire (12) comprend des don-
nées relatives à la situation dentaire (12) et des don-
nées relatives à une modification planifiée de la si-
tuation dentaire (12), et le code de programme pour
la dérivation du premier agencement relatif préféré
à partir dudit modèle 3D est configuré pour prendre
en compte la modification planifiée.

7. Système de guidage 3D selon la revendication 6,
dans lequel la situation dentaire (12) concerne la
mandibule ou le maxillaire d’un patient et la modifi-
cation planifiée correspond à un trou qui est planifié
pour être défini dans la mandibule ou le maxillaire
pour accepter un implant dentaire.

8. Système de guidage 3D selon l’une quelconque des
revendications précédentes, dans lequel ledit mo-
dèle 3D comprend des données relatives à une sur-
face d’une région scannée de la situation dentaire
(12).

9. Système de guidage 3D selon l’une quelconque des
revendications 2 à 8, dans lequel ledit signal de gui-
dage comprend un signal de positionnement (37)
et/ou un signal d’orientation (38).

10. Système de guidage 3D selon la revendication 9,
dans lequel ledit signal de positionnement (37) mon-
tre la position d’une région cible sur la situation den-
taire (12).
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11. Système de guidage 3D selon la revendication 9 ou
10, dans lequel ledit signal d’orientation (38) fournit
des informations relatives à une différence dans
l’orientation de l’agencement relatif présent par rap-
port à l’orientation du premier agencement relatif
préféré.

12. Système de guidage 3D selon l’une quelconque des
revendications 9 à 11, dans lequel :

- ledit signal de positionnement (37) comprend
un point relativement plus lumineux et ledit si-
gnal d’orientation (38) comprend un point rela-
tivement moins lumineux,
et/ou
- ledit signal de positionnement (37) comprend
un point d’aire relativement plus petite et ledit
signal d’orientation (38) comprend un point
d’aire relativement plus grande,
et/ou
- ledit signal de positionnement (37) comprend
un code couleur de positionnement configuré de
sorte que la couleur de l’indicateur de position
change lorsque l’outil dentaire (21) et la situation
dentaire (12) s’approchent du premier agence-
ment relatif préféré,
et/ou
- ledit signal d’orientation (38) comprend un co-
de couleur d’orientation configuré de sorte que
la couleur de l’indicateur d’orientation change
lorsque l’outil dentaire (21) et la situation den-
taire (12) s’approchent du premier agencement
relatif préféré.

13. Système de guidage 3D selon l’une quelconque des
revendications 9 à 11, dans lequel le signal de gui-
dage comprend un signal d’indicateur (40), et dans
lequel le signal d’orientation (38) coïncide avec ledit
signal d’indicateur lorsque l’outil dentaire (21) et la
situation dentaire (12) sont agencés selon l’orienta-
tion du premier agencement relatif préféré.

14. Système de guidage 3D selon l’une quelconque des
revendications 1 et 3 à 13, dans lequel ledit dispositif
d’affichage d’informations (253) du système de gui-
dage 3D comprend un écran sur lequel lesdites in-
formations sont affichées en tant que signal de gui-
dage.
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