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(7) ABSTRACT

An optical system comprises a multicore fiber comprising at
least two cores of which each core comprises at least one
Fiber Bragg Grating. The optical system also comprises a
force transducing element being bendable in one or more
directions and being fixed to the multicore fiber so as to
transduce force applied to the force transducing element to
the multicore fiber, resulting into a bending and/or compres-
sion and/or tension of the multicore fiber. The multicore
fiber is connectable or connected to a measurement system
for optically measuring the response of at least one Fiber
Bragg Grating, for each of at least 2 cores of the multicore
fiber, as a result of the multicore fiber bending and/or
compression and/or tension for deriving a characteristic of
the force acting on the position of the force transducing
element of the optical system.
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METHOD AND DEVICE FOR MEASURING
FORCE AND SHAPE

FIELD OF THE INVENTION

[0001] The present invention relates to the field of force
sensing. More particularly, the present invention relates to a
system and method for sensing force based on a multicore
fiber comprising a Fiber Bragg Grating and a force trans-
ducing element.

SUMMARY OF THE INVENTION

[0002] It is an object of embodiments of the present
invention to provide good methods and systems for sensing
force, e.g. applicable for deriving information on forces
applied to a medical device, and optionally shape and/or
curvature of the medical device.

[0003] The object is obtained by a system and/or method
according to the present invention.

[0004] The present invention relates to an optical system,
the optical system comprising a multicore fiber comprising
at least two cores of which each core comprises at least one
Fiber Bragg Grating, a force transducing element being
bendable in one or more directions and being fixed to the
multicore fiber so as to transduce force applied to the force
transducing element to the multicore fiber, resulting into a
bending and/or compression and/or tension of the multicore
fiber, the multicore fiber being connectable or connected to
a measurement system for optically measuring the response
of at least one Fiber Bragg Grating, for each of at least 2
cores of the multicore fiber, as a result of the multicore fiber
bending and/or compression and/or tension for deriving a
characteristic of the force acting on the position of the force
transducing element of the optical system. It is an advantage
of embodiments of the present invention that accurate force
sensing can be performed using the optical system. The
force may be a one or more dimensional force.

[0005] The force transducing element may be a spring
means. It is an advantage of embodiments of the present
invention that a system can be used that is easy to manu-
facture.

[0006] The force transducing element may be a compres-
sive spring means.

[0007] The compressive spring can be designed such that
it has no preferential bending direction.

[0008] It is an advantage of embodiments of the present
invention that the system allows for measuring lateral forces
with a sensitivity that is independent of the direction
wherein the force is applied. In other words, embodiments of
the present invention encompass optical systems having, at
the position of the force transducing element, a non-prefer-
ential bending, thus allowing more accurate measurements
of the force.

[0009] The force transducing element and the multicore
fiber may be fixed to each other such that the multicore fiber
is under pretension when no external force, external to the
force transducer, is applied to the system. It is an advantage
of embodiments of the present invention that, when the
multicore fiber is under pretension, buckling of the fiber in
the force transducing element can be avoided. It is an
advantage of embodiments according to the present inven-
tion that by connecting the fiber under pretension to a
compressive spring or more generally a compressive force
transducing element, the optical system can become more
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sensitive in compression. It is an advantage of embodiments
according to the present invention that by using a compres-
sive force transducing element, the force required, besides
the force from the compressive force transducing element,
for compressing the fiber can be smaller.

[0010] According to some embodiments, the fiber may, at
the height of the force transducing element, be surrounded
by the force transducing element or in other words, the fiber
may pass through an open space in the force transducing
element.

[0011] The force transducing element may be fixed to the
multicore fiber at two fixation points such that the at least
one Fiber Bragg Grating is positioned on the multicore fiber
in between the two fixation points.

[0012] The force transducing element may be fixed along
a length of the multicore fiber spanning at least the Fiber
Bragg Grating(s).

[0013] The system may comprise a fixing means, such as
for example but not limited to glue or glass solder material,
between the force transducing element and the multicore
fiber, wherein the force transducing element, the glue and
the multicore fiber may be configured such that the multi-
core fiber is under pretension.

[0014] Astiffness of the force transducing element may be
selected to dominate the stiffness of the host material
wherein the force transducing element is integrated. It is an
advantage of embodiments of the present invention that the
stiffness at the location of the force transducing element is
substantially not depending on structural elements surround-
ing the fiber and the force transducing element, since the
other structural elements may change significantly with
temperature (e.g. catheter tube). In this way, an optical
system suitable for characterizing a force thereon can be
obtained that is less sensitive to temperature variation.

[0015] Where reference is made to the stiffness, reference
is made to at least one of the bending stiffness and/or
compression stiffness and/or tension stiffness. In some
embodiments, reference may be made to a combination of
more or all of the bending stiffness, the compression stiff-
ness and the tension stiffness.

[0016] The force transducing element properties may be
adapted for obtaining/tuning the appropriate force sensitiv-
ity in a lateral and/or longitudinal direction of the multicore
fiber. It is an advantage of embodiments of the present
invention that force in a longitudinal direction as well as in
a lateral direction on the multicore fiber can be tuned in the
system.

[0017] The optical system may comprise said measure-
ment system. It is an advantage of embodiments of the
present invention that the system can be self contained. The
measurement system may comprise an optical source for
coupling radiation in one or more of the cores of the
multicore fiber. The measurement system may comprise an
optical detector for detecting radiation introduced earlier in
the multicore fiber, for evaluating the response of the Fiber
Bragg Grating(s) in the multicore fiber.

[0018] The measurement system may be configured for
performing a calibration step whereby information regard-
ing the status of the at least one Fiber Bragg Grating in the
multicore fiber is obtained prior to an external force being
applied. It is an advantage of embodiments of the present
invention that accurate calibration of the optical system can
be obtained.
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[0019] The optical system may be a force sensing system.
It is an advantage of embodiments of the present invention
that accurate force information can be obtained from the
system.

[0020] The multicore fiber may be a twisted multicore
fiber whereby the cores, e.g. the outer cores, are twisted
inside the cladding. Where in embodiments of the present
invention reference is made to a twisted multicore fiber,
reference is made to the outer cores being situated in a spiral
or spiral-like shape around the centerline of the fiber. This
has the advantage that the longitudinal strain response of the
Fiber Bragg Gratings in the outer cores is different from the
longitudinal strain response of the Fiber Bragg Gratings in
the center core. As a consequence, the longitudinal force and
temperature influences acting on the optical system, at the
position of the force transducing element, can be discrimi-
nated from each other. This does however assume that the
torsion or twist of the multicore fiber will be controlled. The
force transducing element can therefore for example be
adapted to have a high resistance against torsion so that the
multicore fiber will not become twisted. Where in embodi-
ments of the present invention reference is made to a high
resistance against torsion, reference is made to the case
whereby the effect of externally induced torsion forces
influence the resulting measurement result less than 25%,
e.g. less than 10% or e.g. less than 5%. Alternatively, the
optical sensing element can be integrated into a host material
(e.g. catheter) in such a way that it becomes protected by the
host material for twisting at the position of the force trans-
ducing element, when an externally induced torsion force is
applied to the host material (e.g. due to the contact with the
catheter tip against a tissue). In one possible embodiment the
host material may for example comprise a braid, limiting or
preventing the optical sensing element from being twisted.
Where in embodiments of the present invention reference is
made to limiting from being twisted, reference is made to the
case whereby an externally induced torsion force applied to
the host material, results in a twist of the optical sensing
element being less than 25%, e.g. less than 10% or e.g. less
than 5% compared to the twist the optical sensing element
would have seen when the same externally induced torsion
force was directly applied to the optical sensing element
without the host material.

[0021] In another configuration, the force transducing
element may be adapted for further inducing a controlled
twist to the multicore fiber when an external longitudinal
force is induced. It may for example be a rotation spring.

[0022] The measurement system may be adapted for
deriving temperature information from an optical character-
istic influenced by twisting of the multi core fiber when a
longitudinal force is induced. It is an advantage of embodi-
ments of the present invention that a system can be obtained
allowing to derive or take into account temperature infor-
mation, so that more accurate determination of the force can
be obtained. In other words, by applying an external longi-
tudinal force, a twist or change in twist, may be induced in
a multicore fiber. Since the central core will be twist
insensitive this will result in a first source of information and
since the sides will be twist sensitive this will result in a
second source of information, both sources allowing to
derive information regarding to the temperature as well as
regarding to the force that is applied. The optical sensing
element can further be integrated into a host material (e.g.
catheter) in such a way that, aside from the twist induced due
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to the spring action, the optical sensing element is protected
by the host material from externally induced torsion forces,
e.g. due to the contact with the catheter tip against a tissue.
[0023] The force transducing element may be adapted for
transducing a twist to the multicore fiber. The measurement
system may be adapted for deriving a torsion of the multi-
core fiber and/or force transducing element. It is an advan-
tage of embodiments of the present invention that informa-
tion regarding torsion can be obtained.

[0024] The multicore fiber may have a preferential twist
even if no external force is applied or present, in order to
increase the torsion sensitivity and determine the direction
of the torsion.

[0025] The optical system may provide force information
regarding force applied on the catheter. It is an advantage of
embodiments of the present invention that the system can be
used for evaluating and/or controlling movement of the
catheter.

[0026] In the optical system the multicore fiber further-
more may comprise at least one Fiber Bragg Grating posi-
tioned away from the force transducing element. This may
assist in measuring at least one of the shape and/or the
curvature of the catheter tip outside the force transducing
element. This may also provide valuable information to
control the force and understand the forces the transducer is
seeing. For example, a force that suddenly drops because the
catheter starts to buckle.

[0027] In some embodiments monitoring of the curvature
and/or shape may be used for improving the calibration of
the system and/or indicating when the system is in good use
(e.g. when a small bending occurs in the catheter just before
the force sensor, the sensor accuracy might become worse or
the system might start to buckle). The system may for
example be included in a feedback loop for providing
information regarding the curvature and/or shape of a fibre
in a plurality of applications.

[0028] The present invention also relates to a medical
device comprising an optical system according to any of the
previous claims, wherein the optical system provides force
information regarding force applied on the medical device.
The medical device may be any of a catheter, an introducer,
a needle, a laparoscope, an endoscope or a robotic arm.
[0029] The present invention also relates to the use of an
optical system as described above for evaluating and/or
controlling forces applied to a catheter. The present inven-
tion may also relate to the use of an optical system as
described above for contact force sensing.

[0030] Particular and preferred aspects of the invention are
set out in the accompanying independent and dependent
claims. Features from the dependent claims may be com-
bined with features of the independent claims and with
features of other dependent claims as appropriate and not
merely as explicitly set out in the claims.

[0031] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIG. 1 illustrates an optical system as can be used
for force sensing according to an embodiment of the present
invention.

[0033] The drawings are only schematic and are non-
limiting. In the drawings, the size of some of the elements
may be exaggerated and not drawn on scale for illustrative
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purposes. Any reference signs in the claims shall not be
construed as limiting the scope. In the different drawings, the
same reference signs refer to the same or analogous ele-
ments.

DETAILED DESCRIPTION OF ILLUSTRATIVE
EMBODIMENTS

[0034] The present invention will be described with
respect to particular embodiments and with reference to
certain drawings but the invention is not limited thereto but
only by the claims. The drawings described are only sche-
matic and are non-limiting. In the drawings, the size of some
of the elements may be exaggerated and not drawn on scale
for illustrative purposes. The dimensions and the relative
dimensions do not correspond to actual reductions to prac-
tice of the invention.

[0035] Furthermore, the terms first, second and the like in
the description and in the claims, are used for distinguishing
between similar elements and not necessarily for describing
a sequence, either temporally, spatially, in ranking or in any
other manner. It is to be understood that the terms so used
are interchangeable under appropriate circumstances and
that the embodiments of the invention described herein are
capable of operation in other sequences than described or
illustrated herein.

[0036] Moreover, the terms top, under and the like in the
description and the claims are used for descriptive purposes
and not necessarily for describing relative positions. It is to
be understood that the terms so used are interchangeable
under appropriate circumstances and that the embodiments
of the invention described herein are capable of operation in
other orientations than described or illustrated herein.
[0037] Itis to be noticed that the term “comprising”, used
in the claims, should not be interpreted as being restricted to
the means listed thereafter; it does not exclude other ele-
ments or steps. It is thus to be interpreted as specifying the
presence of the stated features, integers, steps or components
as referred to, but does not preclude the presence or addition
of one or more other features, integers, steps or components,
or groups thereof. Thus, the scope of the expression “a
device comprising means A and B” should not be limited to
devices consisting only of components A and B. It means
that with respect to the present invention, the only relevant
components of the device are A and B.

[0038] Reference throughout this specification to “one
embodiment” or “an embodiment” means that a particular
feature, structure or characteristic described in connection
with the embodiment is included in at least one embodiment
of the present invention. Thus, appearances of the phrases
“in one embodiment” or “in an embodiment” in various
places throughout this specification are not necessarily all
referring to the same embodiment, but may. Furthermore,
the particular features, structures or characteristics may be
combined in any suitable manner, as would be apparent to
one of ordinary skill in the art from this disclosure, in one
or more embodiments.

[0039] Similarly, it should be appreciated that in the
description of exemplary embodiments of the invention,
various features of the invention are sometimes grouped
together in a single embodiment, figure, or description
thereof for the purpose of streamlining the disclosure and
aiding in the understanding of one or more of the various
inventive aspects. This method of disclosure, however, is not
to be interpreted as reflecting an intention that the claimed
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invention requires more features than are expressly recited
in each claim. Rather, as the following claims reflect,
inventive aspects lie in less than all features of a single
foregoing disclosed embodiment. Thus, the claims follow-
ing the detailed description are hereby expressly incorpo-
rated into this detailed description, with each claim standing
on its own as a separate embodiment of this invention.
[0040] Furthermore, while some embodiments described
herein include some but not other features included in other
embodiments, combinations of features of different embodi-
ments are meant to be within the scope of the invention, and
form different embodiments, as would be understood by
those in the art. For example, in the following claims, any of
the claimed embodiments can be used in any combination.
[0041] In the description provided herein, numerous spe-
cific details are set forth. However, it is understood that
embodiments of the invention may be practiced without
these specific details. In other instances, well-known meth-
ods, structures and techniques have not been shown in detail
in order not to obscure an understanding of this description.
[0042] Where in embodiments of the present invention
reference is made to an axial or longitudinal direction,
reference is made to the length direction of the fiber. Where
in embodiments of the present invention reference is made
to a transversal direction, reference is made to directions
perpendicular to the longitudinal direction.

[0043] Where in embodiments of the present invention
reference is made to a multicore fiber, reference is made to
a fiber comprising more than one core, e.g. 2 cores, e.g. 3
cores or even more cores, the cores being embedded in
cladding material. The cores may be twisted.

[0044] In a first aspect, the present invention relates to an
optical system for deriving a force applied to the optical
system or to a system linked to or comprising such an optical
system. In some embodiments, the system linked to the
optical system or comprising the optical system may be a
catheter, although embodiments of the present invention are
not limited thereto. One application may be the determina-
tion of the force applied with/to the catheter during use,
although embodiments are not limited thereto. According to
the first aspect, the optical system comprises a multicore
fiber comprising at least two cores of which each of the cores
thereby comprises at least one Fiber Bragg Grating.
[0045] The optical system also comprises a force trans-
ducing element, such as for example a spring element. The
force transducing element can be any elastic deformable
element. The force transducing element is bendable in one or
more directions. It is fixed to the multicore fiber so as to
transduce force applied to the force transducing element to
the multicore fiber, resulting into a bending and/or compres-
sion and/or tension of the multicore fiber. The multicore
fiber is being connectable or connected to a measurement
system for optically measuring the response of at least one
Fiber Bragg Grating as a result of the multicore fiber
bending and/or compression and/or tension for deriving a
characteristic of the force on the optical system.

[0046] By way of illustration, embodiments of the present
invention not being limited thereto, an exemplary optical
system is described with reference to FIG. 1.

[0047] FIG. 1 illustrates an optical system 100. The optical
system typically comprises a multicore optical fiber 110. The
multicore optical fiber 110 may for example be a specially
configured optical fiber with multiple single-mode cores
sharing the same cladding. The different cores of the mul-
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ticore fiber 110 may be individually addressed. The latter
may for example be performed via a customized fiber optic
fan-out element, but embodiments are not limited thereto.
The cladding diameter may be any suitable diameter, such as
for example but not limited to between 60 pm and 250 pm,
e.g. 125 ym. The average core diameter may be of any
suitable size such as for example but not limited to between
1 um and 10 pm, e.g. 5 um. In one arrangement, a single
central core is surrounded by more outer cores. In some
particular embodiments, one central core is applied and 3, 4,
5, 6 or 7 outer cores are provided. In some embodiments, the
central core can also be avoided, so that there is no central
core and only two or more outer cores. The outer cores may
be symmetrically spaced. The outer cores may be positioned
at a fixed position of the central core, although embodiments
of the present invention are not limited thereto. The distance
between the center and the outer cores may be any suitable
size, e.g. may be about 35 pm. The multicore fiber 110 may
be made using a Draw-Tower Grating process, although
embodiments are not limited thereto. In the cores, at least
one Fiber Bragg Grating typically is written. The different
cores may have the same type of Fiber Bragg Grating(s) or
different types of Fiber Bragg Gratings may be written for
different cores.

[0048] According to embodiments of the present inven-
tion, the optical system furthermore comprises a force
transducing element 120. This element may be bendable in
one or more directions. The force transducing element
typically is fixed to the multicore fiber 110 for transducing
force applied to the force transducing element towards the
multicore fiber 110, thus resulting into a bending and/or
compression and/or tension of the multicore fiber 110.

[0049] The force transducing element 120 may be a spring
means, although embodiments of the present invention are
not limited thereto. In some examples, the spring means may
be a compressive spring. In some examples, the spring
means may be a tension spring. In yet other examples, the
spring means may be a torsion spring.

[0050] According to some embodiments of the present
invention, the force transducing element 120 may be
adapted for allowing a pretension of the fiber 110. In other
words, the force transducing element and the multicore fiber
110 may be fixed to each other such that the multicore fiber
110 is under pretension when no external force, external to
the force transducer element 120, is applied to the system.

[0051] The force transducing element 120 may be fixed to
the multicore fiber 110 at two fixation points 130, 132 such
that the Fiber Bragg Grating 112 is positioned in between the
two fixation points, i.e. such that the force transducing
element 120 spans the region of the multicore fiber 110
wherein the Fiber Bragg Grating 112 is positioned. Different
Fiber Bragg Gratings 112 used in a same core may have a
different wavelength such that identification of their position
is possible. The force transducing element 120 may be fixed
with any suitable fixing means, such as for example but not
limited to glass solder, glue, mechanical fixation, etc.

[0052] In other examples, the force transducing element
120 is fixed along a length of the multicore fiber 110,
spanning at least the Fiber Bragg Grating 112. The latter may
be obtained by applying a glue between the force transduc-
ing element 120 and the multicore fiber 110. In some
particular examples the glue may have been applied such
that the multicore fiber is under pretension.
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[0053] The stiffness of the force transducing element 120
may be selected such that it dominates, at the location of the
force transducing element, the stiffness of the host material
whereto the force transducing element is attached or wherein
the force transducing element is integrated. Where reference
is made to the stiffness, reference is made to at least one of
the bending stiffness and/or compression stiffhess and/or
tension stiffness. In some embodiments, reference may be
made to a combination of more or all of the bending
stiffness, the compression stiffness and the tension stiffhess.
[0054] The force transducing element properties also may
be selected or adapted for obtaining or tuning the appropri-
ate force sensitivity in a lateral direction, a longitudinal
direction or a lateral and/or longitudinal direction for a given
multicore fiber 110.

[0055] According to embodiments of the present inven-
tion, the multicore fiber 110 is connectable or is connected
to a measurement system 140 for optically measuring the
response of at least one Fiber Bragg Grating 112, for each of
at least 2 cores of the multicore fiber 110, as a result of the
multicore fiber 110 bending and/or compression and/or
tension. This optically measuring of the response typically
may be used for deriving a characteristic of the force
inducing the bending and/or compression and/or tension.
This force is acting on the position of the force transducing
element 120, or a larger system to which the force trans-
ducing element 120, is connected. Such a system may for
example be a catheter, although embodiments are not limited
thereto.

[0056] The measurement system 140 may for example
comprise a radiation source and a fan-out for respectively
launching a radiation beam in one or more of the cores of the
multicore fiber 110 and sensing a reply from the one or more
Fiber Bragg Grating. The measurement system 140 may
comprise an interrogator. The measurement system 140 also
may comprise a processor for running algorithms for data
readout and processing.

[0057] In one embodiment, the measurement system 140
may be adapted for simultaneous and real-time monitoring
of induced optical response (e.g. wavelength shift) in some
of the cores of the multicore fiber, e.g. in three or more outer
cores of the multicore fiber. Depending on the curvature
orientation of the multicore fiber, some of the Fiber Bragg
Gratings on the outer cores will experience a relative lon-
gitudinal tension or compression with respect to the central
core and therefore, will register different optical responses.
[0058] To calculate the force, the optical responses (e.g.
relative strains and/or wavelength shifts) are measured,
processed, and analyzed.

[0059] In one embodiment, the multicore fiber may fur-
thermore comprise at least one Fiber Bragg Grating posi-
tioned away from the force transducing element for deter-
mining based thereon a shape and/or curvature of the
multicore fiber outside the force transducing element.
[0060] The measurements of the optical responses may be
performed using well-established detection schemes such as
for example wavelength division multiplexing and optical
frequency domain reflectometry. The system according to
embodiments of the present invention may be suitable for a
large variety of applications, e.g. for force sensing in abla-
tion catheters, biopsy and brachytherapy and delivery of
compounds.

[0061] In one aspect, the present invention relates to a
medical system comprising an optical system according to
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an embodiment as described in the first aspect. The medical
system may for example be an introducer, a catheter, a
needle, a laparoscope, an endoscope and a robotic arm with
a rigid or flexible shaft.

[0062] In yet another aspect, the present invention relates
to the use of an optical system for sensing a force on an
optical system on the position of a force transducing element
or on a medical system comprising this part of the optical
system.

[0063] In some embodiments, the present invention also
relates to use of a system as described above for measuring
a contact force. The latter may for example be used in
medical applications, although embodiments are not limited
thereto and may also be used in e.g. mechanical applications.

1.-24. (canceled)

25. An optical system, the optical system comprising:

a multicore fiber comprising at least two cores of which

each core comprises at least one Fiber Bragg Grating,

a force transducing element being bendable in one or

more directions and being fixed to the multicore fiber
so as to transduce force applied to the force transducing
element to the multicore fiber, resulting into a bending
and/or compression and/or tension of the multicore
fiber

the multicore fiber being connectable or connected to a

measurement system for optically measuring the
response of at least one Fiber Bragg Grating, for each
of at least 2 cores of the multicore fiber, as a result of
the multicore fiber bending and/or compression and/or
tension for deriving a characteristic of the force acting
on the position of the force transducing element of the
optical system.

26. The optical system according to claim 25, wherein the
force transducing element is a spring means.

27. The optical system according to claim 26, wherein the
force transducing element is a compressive spring means.

28. The optical system according to claim 25, wherein the
fiber is, at the height of the force transducing element,
surrounded by the force transducing element.

29. The optical system according to claim 25, wherein the
optical system, at the position of the force transducing
element does not have one or more preferential bending
directions imposed by the force transducing element.

30. The optical system according to claim 25, wherein the
force transducing element and the multicore fiber are fixed
to each other such that the multicore fiber is under pretension
when no external force, external to the optical system, is
applied to the force transducing element.

31. The optical system according to claim 25, wherein the
force transducing element is fixed to the multicore fiber at
two fixation points such that the at least one Fiber Bragg
Grating is positioned on the multicore fiber in between the
two fixation points or wherein the force transducing element
is fixed along a length of the multicore fiber spanning at least
the Fiber Bragg Grating(s).

32. The optical system according to claim 25, wherein a
stiffness of the optical system, at the location of the force
transducing element, is selected to dominate a stiffness of
the host material to which the force transducing element is
connected.
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33. The optical system according to claim 25, wherein the
force transducing element propetties are adapted for obtain-
ing/tuning the appropriate force sensitivity in a lateral and/or
longitudinal direction for a given multicore fiber.

34. The optical system according to claim 25, the optical
system comprising said measurement system.

35. The optical system according to claim 34, wherein the
measurement system is configured for performing a calibra-
tion step whereby information regarding the status of the at
least one Fiber Bragg Grating in the multicore fiber is
obtained prior to an external force being applied.

36. The optical system according to claim 25, wherein the
optical system is a force sensing system.

37. The optical system according to claim 25 wherein the
multicore fiber is a twisted multicore fiber having a center
core and twisted outer cores inside the cladding, whereby the
measurement system is adapted for discriminating between
temperature and longitudinal force influences acting on the
optical system, at the position of the force transducing
element.

38. The optical system according to claim 25,

whereby the force transducing element is adapted such

that it is highly resistant against torsion or

wherein the force transducing element is a rotation spring

for further inducing a twist to the multicore fiber when
an external longitudinal force is induced and

wherein the measurement system is adapted for discrimi-

nating between temperature and longitudinal force
influences acting on the optical system at the position
of the force transducing means.

39. The optical system according to claim 25, wherein the
measurement system is adapted for deriving a torsion of the
multicore fiber and/or force transducing element.

40. The optical system according to claim 25, wherein the
Fiber Bragg Grating is positioned inside a multicore fiber
having a preferential twist even if no external force is
applied or present.

41. The optical system according to claim 25, wherein the
optical system or parts thereof are embedded in a host
material,

wherein the host material is adapted for preventing or

limiting twisting of the optical system at the position of
the force transducing element, when an externally
induced torsion force is applied to the host material.

42. The optical system according to claim 25, wherein the
multicore fiber furthermore comprises at least one Fiber
Bragg Grating positioned away from the force transducing
element for determining based thereon a shape and/or cur-
vature of the multicore fiber outside the force transducing
element.

43. A medical device comprising an optical system
according to claim 25, wherein the optical system provides
force information regarding force applied on the medical
device.

44. The medical device according to claim 43, the medical
device being any of a catheter, an introducer, a needle, a
laparoscope, an endoscope, or a robotic arm.

I S T



THMBW(EF)

FRIRAA

REAAN

BEGF)

KERGEFESTHLT , ZEORFBEELRNL , BNFEEE
EL—NRABAE M. EAFRETEBELEETF |, ZHEET
HE- RSN HE LTS BBRERZ XL , EFEME D&
BN NEBERZERLT  NISBEHR/IERN/REfH,. ZT
SRR TERRERENERS , ATHSERAHNE
DPENCHFHEB—NHITAFNEED —DRFFRE MA@ | X
RETERRFE@MN/RERN/N RAH , AT EHEREXLZERS
DiRETAALE £ AR,

HEFHKI

patsnap
HFFRNEFH EFNEE

US20200191669A1 NI (»&E)B 2020-06-18

US16/623224 RiEH 2018-06-15

VLEKKEN JOHAN
VAN HOE BRAM
LINDNER ERIC

VLEKKEN, JOHAN
VAN HOE, BRAM
LINDNER, ERIC

GO01L1/24 A61B34/20 A61B5/06 A61B34/30 A61M25/01 A61B17/34

AG61B17/3403 A61M25/0105 A61B34/20 A61B2034/2061 GO1L1/246 A61B5/065 A61M2025/0166
A61B17/3468 A61B34/30 A61B1/00165 A61B1/3132 A61B5/6843 A61B5/6852

2017176287 2017-06-15 EP

Espacenet USPTO

140


https://share-analytics.zhihuiya.com/view/6438431a-3d7a-43fc-889a-3a805ad79595
https://worldwide.espacenet.com/patent/search/family/059067605/publication/US2020191669A1?q=US2020191669A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220200191669%22.PGNR.&OS=DN/20200191669&RS=DN/20200191669

