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Description

Field of the Invention

[0001] The present invention broadly relates to an op-
tical sensing device.

Background of the Invention

[0002] The human body has many regions in which
pressures or forces cause matter to move. For example,
the human heart pumps blood through the body. Muscles
around the alimentary canal apply a pressure to the ca-
nal, which moves food from the mouth into the stomach.
Additionally, there are localised regions that exhibit in-
creased muscular tension in their resting state. These
regions are commonly referred to as sphincters.

[0003] Monitoring pressures motion and muscular ten-
sionin the human body can provide importantinformation
about the function of the human body and can be used
to detectdisorders and diseases or can be used to control
arecovery from a disease.

[0004] Optical devices for monitoring such parameters
within a body lumen are now being developed. The op-
tical devices may comprise an optical fibre Bragg grating,
which has an optical response that depends on a strain
of the Bragg grating. The strain of the Bragg grating may
be applied by a "squeezing" force in the vicinity of the
Bragg grating and the resultant increase in strain shifts
a wavelength of an optical response to a different wave-
lengths range. However, important information charac-
terising a radial distribution of tensions, effected by mus-
cles, or other properties cannot be provided with known
optical devices and there is a need for technological im-
provement.

[0005] Prior patent publication number US
2008/192230 represents the closest prior art and disclos-
es an apparatus for pressure sensing. The apparatus
comprises a light guide, a Bragg grating incorporated into
the light guide and a moveable wall portion. The move-
able wall portion has opposite first and second sides and
is being positioned so that a change in pressure at one
of the sides relative to a pressure at the other side will
move the moveable wall portion. The moveable wall por-
tion is coupled to the Bragg grating so that the movement
of the moveable wall portion causes a force on a side of
the Bragg grating. The force has a component that is
transversal to the Bragg grating and effects a change in
strain of the Bragg grating and thereby a change in an
optical period of the Bragg grating.

[0006] Prior patent publications WO 2008/057230 and
US 2009/177095 disclose optical pressure catheters
which comprise external grooves arranged to guide op-
tical light guides along the support member.

Summary of the Invention

[0007] The presentinvention provides an optical sens-
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ing device for sensing a pressure or force within a body
lumen, the device comprising:

a plurality of optical light guide portions, each optical
light guide portion having a sensing region for sens-
ing a pressure or force;

a support for supporting the optical light guide por-
tions, the support being a tubular member and hav-
ing a plurality of recesses at the sensing regions, the
sensing regions having two or more different radial
positions around a portion of the support, the optical
light guide portions being attached to the support at
the sensing regions such that the sensing regions
are positioned between attachmentregions, the sup-
port being rigid at the sensing regions and arranged
such that a strain in any one of the sensing regions
is not directly influenced by a change in strain of an
or the optical light guide portion outside that sensing
region;

wherein the optical device is arranged to sense a
pressure or force at the two or more different radial
positions such that it is possible to sense the pres-
sure or force in a multi-directional manner;
characterised in that each optical light guide portion
is positioned around the support and the support
comprises at least one groove that is helical and is
arranged to guide at least one optical light guide por-
tion around the support.

[0008] The optical light guide portions may be optical
fibre portions and at least some optical fibre portions may
be portions of the same optical fibre. Alternatively, each
optical light guide portion may be a portion of a respective
optical fibre.

[0009] The optical device may have any number of
sensing regions at any number of radial orientations that
is greater than 1, such as greater than 2, 3, 4, 6, 8, or
greater than 10.

[0010] In one example the optical sensing device is
arranged for sensing the property within a body lumen
and may be used to analyse an anorectal function or a
function of the oesophagus. For example, the optical
sensing device may be arranged to sense muscular con-
traction within the body lumen, such asymmetric muscu-
lar contraction localised to a sphincter region. As two or
more sensing regions have differing radial positions, it is
typically possible to sense the property in a multi-direc-
tional manner, which has significant practical advantag-
es.

[0011] In one embodiment the property is a pressure
or a force. Alternatively, the property may be any other
property of interest, such as a temperature. Further, at
least one sensing region may be arranged to sense a
first property, such as a pressure, and at least one other
sensing region may be arranged to sensing a second
property, such as a local temperature.

[0012] The optical sensing device typically is arranged
such that a force or pressure applied in a direction trans-
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versal to at least one optical light guide portion at a re-
spective sensing region is detectable by the optical sens-
ing device.

[0013] The support may be arranged such that at least
two optical light guide portions are substantially parallel
to each other.

[0014] In one embodiment some or all of the sensing
regions comprise a Bragg grating. At least one of the
sensing regions may not comprise a Bragg grating and
may be arranged for sensing a property using other
means, such as by coherent backscatter techniques or
optical frequency domain reflectometry.

[0015] Further, at least some sensing regions with
Bragg gratings may be arranged to sense a first property,
such as a force or pressure, and at of the sensing regions
with Bragg gratings may be arranged to sense a second
property, such as a local temperature, such that an influ-
ence of a change in temperature on the sensing of the
first property can be determined.

[0016] Each Bragg grating typically is arranged to give
a different optical response such that light reflected from
each Bragg grating is wavelength division multiplexed.
Consequently, it is possible to associate a particular de-
tected pressure change with a respective position. The
optical sensing device may be arranged such that the
optical response from each Bragg grating can be detect-
ed by detecting light that is reflected back from the Bragg
gratings. Alternatively, the optical sensing device may be
arranged such that the optical responses from the Bragg
gratings can be detected by detecting light that is trans-
mitted through the Bragg gratings.

[0017] In a variation of this embodiment at least some
of the Bragg gratings are substantially identical and give
the same response if the strain conditions are the same.
Using time or frequency domain reflectometry tech-
niques, the position of a particular Bragg grating may be
estimated from a time at which an optical response is
received or from an associated beat frequency compo-
nent.

[0018] The optical sensing device typically is arranged
for sensing the property in a manner such that the radial
and longitudinal position, relative to the axis of the optical
sensing device and at which the property is sensed, can
be determined.

[0019] In one specific embodiment the optical sensing
device is arranged for sensing local pressures or forces
at sensing regions equipped with Bragg gratings. In this
case the optical sensing device is arranged such that the
radial and longitudinal positions at which the pressures
or forces are sensed can be determined.

[0020] The optical sensing device may be arranged
such that an applied sideways force results in a local
distortion of the Bragg grating, typically in a direction to-
wards the support, which in turn effects a change in strain
of the Bragg grating. The change in strain causes a
change in an optical response of the Bragg grating and
consequently the external force or pressure can be
sensed at each location of the Bragg gratings.
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[0021] The support may comprise a tubular member.
The recesses of the support may be provided in the form
of through holes.

[0022] The optical sensing device may comprise a plu-
rality of optical fibres, such as 2 - 10, typically 2, 4 or 6
opticalfibres and each optical fibre may comprise a series
of optical fibre portions with of Bragg gratings at sensing
regions, such as 10 - 30 Bragg gratings or any other
suitable number of Bragg gratings.

[0023] The optical fibres typically are spaced apart
from each other and positioned in a helical manner
around the support such that sensing regions having im-
mediately adjacent radial positions are sensing regions
of adjacent optical fibres and not sensing regions of the
same opticalfibre. The optical fibres may be spaced apart
from each other and positioned in a helical manner
around the support such that at least some sensing re-
gions have overlapping or substantially identical radial
positions.

[0024] In one specific embodiment the optical sensing
device is arranged for sensing, in a radially resolved man-
ner, external forces or pressures from more than 2, 3, 4,
5 or more radial directions. The optical sensing device
typically is arranged to sense a distribution or change in
the distribution of external forces or pressures in radial
and longitudinal direction such that a 3-dimensional map
of the pressure or force distribution around the optical
sensing device can be generated.

[0025] The optical sensing device may also comprise
an outer sleeve, such as an elastic sleeve that may be
removable and may have a closed distal end. For exam-
ple, the optical sensing device may be arranged for in-
sertion into a body lumen and the outer sleeve, typically
formed from a biocompatible material, may be replaced
after use of the optical sensing device such that the op-
tical sensing device is then suitable for insertion into a
body lumen of another patient. The elastic sleeve typi-
cally is arranged to cover areas of the sensing device
that would otherwise be in contact with the body lumen.
[0026] The optical sensing device may comprise an
inner tube that typically is positioned within the support
and an inflatable balloon which may form a portion of the
elastic sleeve. The optical sensing device may be ar-
ranged for inflation of the balloon with the body lumen.
For example, the optical sensing device may be arranged
such that inflation of the balloon stimulates or relaxes
muscles at the body lumen. In one specific example the
optical sensing device is arranged such that the inflation
of the balloon triggers an anorectic function of the human
body.

[0027] The optical sensing device may comprise a plu-
rality of sensing regions that are each arranged for sens-
ing pressure or force and may comprise moveable wall
portions at each sensing region for sensing the pressure
or force, the movable wall portions having opposite first
and second sides, each moveable wall portion being po-
sitioned such that a change in pressure at one of the
sides relative to a pressure at the other side will move
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the moveable wall portion, the moveable wall portions
being coupled to respective Bragg gratings such that the
movement of one of the moveable wall portion causes a
force on the respective Bragg grating resulting in a
change in strain of the respective Bragg grating. The
moveable wall portions may be wall portions of a tube
which may be a tubular diaphragm in which the support
and at least a portion of the at least one optical fibre are
positioned.

[0028] Theinvention will be more fully understood from
the following description of specific embodiments of the
invention. The description is provided with reference to
the accompanying drawings.

Brief Description of the Drawings

[0029]

Figures 1 shows a schematic representation of an
optical sensing system according to a specific em-
bodiment of the present invention;

Figures 2 show animage of an optical sensing device
according to an embodiment of the present inven-
tion;

Figure 3 and 4 show components of the optical sens-
ing device in accordance with specific embodiments
of the present invention; and

Figures 5 - 7 show components of a kit for sensing
aproperty in a body lumen according to another spe-

cific embodiment of the present invention.

Detailed Description of Specific Embodiments

[0030] Referring to Figure 1 to 4, an optical sensing
system according to a specific embodiment of the present
invention is now described. Figure 1 shows a schematic
representation of the system 100 comprising a light
source 102 which in this embodimentis a broadband light
source commonly referred to as a "white" light source
even though the light that is emitted by the light source
102 may have any wavelength range.

[0031] The lightis directed via optical circulator 104 to
an optical sensing device 106. In a variation of this em-
bodimentthe circulator 104 may be replaced by an optical
coupler, an optical splitter or an optical beam splitter.
Optical responses from the optical sensing device are
directed to an optical analyser 115.

[0032] The optical sensing device 106 comprises
Bragg gratings 108 incorporated into optical fibres 110.
For illustrative purposes the optical sensing device 106
is shown with only one optical fibre 110. Further, the ap-
paratus 106 comprises a support 112 that is provided in
the form of a tube. The optical fibres 110 are positioned
around the support 112 in a helical manner and located
in helical groves 116 of the support 112.
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[0033] The optical sensing device comprises typically
2,4, 6, 8, or more optical fibres which are all positioned
in helical groves of the support 112 and connected to
respective circulators 104. When multiple optical fibres
are used, an optical switch may be positioned between
the device and the circulator to provide rapid switching
between the fibres in order to achieve near real-time in-
terrogation of the sensing regions contained in all of the
optical fibres. Alternatively, the plurality of optical fibres
may be arranged such that each and every sensing re-
gion exhibits a different spectral component such that
they may be detected using wavelengths division multi-
plexing (wdm) techniques, or may have substantially the
same spectral components but be arranged such that
the distance between each optical fibre and the detector
provides a unique distance to each and every sensing
region. This allows for unique interrogation of each and
every sensing region using time of flight or frequency
domain techniques

[0034] In this embodiment the support 112 comprises
recesses 118. Therecesses 118 are provided in the form
of holes through walls of the support 112. Portions of the
optical fibre 110 cross the recesses 118 and the optical
fibres 110 are arranged such that the Bragg gratings 108
are positioned over respective recesses 118. The optical
fibres 110 are rigidly attached at attachment regions to
the support 112. The attachment regions are located ad-
jacent (over) the recesses 118 such that sensing regions
are defined between the attachment regions and at the
Bragg gratings 108 positioned over the recesses 118. It
is consequently possible to measure the pressures or
forces at the sensing regions largely independent from
each other and thereby measure a pressure or force dis-
tribution.

[0035] The function of each sensing region is similar
to that disclosed in PCT international application
PCT/AU2007/001018. If a force or pressure is applied to
the Bragg gratings in a transversal direction of the optical
sensing device 106, the optical fibre 110 will be bent,
which will effect a change in strain of the Bragg grating
108. For example, if the force or pressure is directed to-
wards the axis of the optical sensing device 106, the op-
tical fibre will be bent inwardly. The change in strain ef-
fects a change in an optical property of the Bragg grating
and consequently the external force is detectable by de-
tecting the change of the optical property of the Bragg
grating.

[0036] The optical fibres 110 are positioned around the
support 112 inrespective helical groves 116. Each optical
fibre 110 may comprise a series of Bragg gratings 108,
for example series of 10 or 20 or any other suitable
number of Bragg gratings. The support 112 and the op-
tical fibres 110 typically are arranged such that sensing
regions of adjacent optical fibres are aligned at the same
radial orientation relative to the axis of the optical sensing
device 106. For example, the optical sensing device 106
may comprise 4 groups of sensing regions, each com-
prising 10 or 20 sensing regions that are oriented along
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the axis of the optical sensing device 106. Each group
of sensing regions may have a radial orientation that dif-
fers by 90 degrees from a radial orientation of an adjacent
group sensing regions. Consequently, the optical sens-
ing device 106 is in this example arranged to detect a
radial distribution of external forces from 4 orthogonal
directionsrelative to the axis of the optical sensing device
106.

[0037] The Bragg grating of at least one of the sensing
regions may not be arranged for exposure to the force
or pressure, butmay be arranged for sensing an influence
of a change in local temperature on an optical property
of the Bragg grating. Consequently, an influence of a
change in local temperature may be determined and forc-
es or pressures sensed at other sensing regions can be
corrected accordingly. The optical sensing device 106
typically comprises a plurality of such temperature sens-
ing regions distributed along the optical sensing device
106 (not shown). The structure may have no recesses
at the temperature sensing regions such that the optical
fibre with Bragg grating cannot move in response to an
external force or pressure. Alternatively, the structure
may have recesses at the pressure sensing regions, but
the optical fibre and an outer sleeve may be spaced apart
from each other such that the external force moves the
outed sleeve, but not the optical fibre at the temperature
sensing region.

[0038] Figure 2 shows an image of the optical sensing
device 106. The optical sensing device 106 is in this em-
bodiment arranged for insertion into a body lumen and
may be used to monitor an anorectal function of the hu-
man body. The optical sensing device 106 as shows in
Figure 2 comprises a handle 120 and connecting leads
122 through which the optical fibres 110 are directed and
which is coupled to optical circulator 104. The handle or
otherlocation may contain one or more optical combiners
in order to combine the optical signals from two or more
of the discrete fibres of the device.

[0039] Inavariation of the described embodiments the
optical sensing device 106 may also comprise one or
more optical fibres that do not have Bragg gratings and/or
may be arranged for sensing properties other than pres-
sures or forces. For example, such optical fibres may be
arranged to measure a change in temperature, pH, or
the presence of luminal or rectal content.

[0040] Figures 3 and 4 show portions of the support
112 in more detail. In this embodiment the support 112
comprises a hollow tube formed from a metallic material,
such as stainless steel or nitinol, or any suitable plastics
or ceramics material that provides adequate mechanical
support and or the desired flexibility. The support 112
has a helical through-cut 114 that is parallel with the
groves 116 for the optical fibres 110. The helical cut 114
increases the bending flexibility of the optical sensing
device 106 while at the same time rigidity in a direction
along the groves 116 is largely maintained. Since the
optical fibres 110 typically are positioned in parallel with
the through-cut 114, an impact of the bending on a strain
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as experienced by the Bragg gratings 108 is Reduced.

[0041] Figure 5 illustrates the optical sensing device
106 positioned in an elastic sleeve 125. The elastic
sleeve 125 may be composed of latex or other suitable
elastomeric material and is positioned over the optical
sensing device 106 to cover areas that would otherwise
be in contact with the body lumen during use of the optical
sensing device 106. In this embodiment the apparatus
106 also comprises aninnertube 127. Further, the elastic
sleeve 125 comprises in this example an inflatable bal-
loon 128 at a distal end an inflation nozzle 129 at the
proximal end.

[0042] When the optical sensing device is inserted into
the body lumen, the balloon 128 may be inflated, via the
inner tube 127, to trigger contraction or relaxing of mus-
cles at the body lumen.

[0043] Figures 6 and 7 show components of a kit for
sensing a property in a body lumen in accordance with
a specific embodiment of the present invention. Figure 6
shows an applicator 130 having a hollow interior portion
132 and vacuum nozzle 134. The elastic sleeve 125 is
applied to an open end of the applicator 130. A suction
force is generated using a suitable pump (not shown)
and the suction force is used to evacuate the interior por-
tion 132 and thereby expand the elastic sleeve 125 until
the elastic sleeve 125 is positioned at wall portions of the
interior portion 132. The assembled support 112 with op-
tical fibres, over which a protective elastic sleeve may be
positioned (such as a further elastic sleeve that may have
perforations to allow passage of air), is then inserted into
the interior portion 132. An increase of pressure relaxes
the elastic sleeve 125 such that the elastic sleeve 125 is
positioned over the assembled support 112 with optical
fibres 110 (and the protective elastic sleeve if present).
[0044] Figure 7 shows a remover 150 for removing the
elastic sleeve 125 after use of the optical sensing device
106. The remover 150 comprises a housing 152 having
a hollow interior portion 154 that has an exhaust nozzle
156 and a pressure nozzle 157. The remover 150 is pro-
portioned such that the optical sensing device 106 with
elastic sleeve 125 can be inserted into the hollow portion
154. Then air pressure is applied to the interior of the
optical sensing device 106, or substantially underneath
the outer sleeve and between the outer sleeve and the
remainder of the device such that the elastic sleeve 125
is ejected into the removable sanitary container, 152 in
readiness for sanitary disposal. The optical sensing de-
vice 106 without sleeve 125 can then be pulled out of the
interior portion 154 and a fresh elastic sleeve 125 can be
applied using the applicator 130 such that the device 106
is arranged for reuse. The remover 150 has the significant
advantage that the elastic sleeve 125 can be removed
from the optical sensing device 106 without the need for
touching the outer sleeve 125 by personnel.

[0045] In the above-described embodiment each
Bragg grating 108 of each optical fibre 110 has a slightly
different refractive index variation such that each Bragg
grating 108 has an optical response that has a slightly
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different spectral distribution. The light that is produced
by light source 102 and that is directed to the Bragg grat-
ings 108 therefore causes unique responses from the
Bragg gratings 108 which are directed via the optical cir-
culator 104 to optical analyser 115 for optical analysis.
Such a procedure is commonly referred to as wavelength
division multiplexing (WDM) . The Bragg gratings 108
may also effect optical responses which overlap in wave-
length or frequency space as long as sufficient informa-
tion is known about each Bragg grating 108 or its location
with respect to the detector to allow the signals to be
successfully deconvolved.

[0046] As in this embodiment each Bragg grating 108
causes a different response, it is possible to associate a
particular response with a radial and longitudinal position
relative to the optical sensing device 106 to perform dis-
tributed pressure measurements and detect relative
pressure differences between the positions of the Bragg
gratings 108 in the series. The combined response from
the Bragg gratings 108 is wavelength division multiplexed
and the optical analyser 114 uses known wavelength di-
vision de-multiplexing techniques to identify the respons-
es from the respective grating positions. Suitable soft-
ware routines are used to determine a pressure or pres-
sure distribution from the optical responses received from
the Bragg gratings 108. Pressure measurements typical-
ly include calibrating the optical sensing device 106.
[0047] In a variation of this embodiment at least some
of the Bragg gratings 108 may be identical and conse-
quently, if the strain conditions are the same, their optical
response will also be the same. In this case a pulsed light
source may be used to guide light to the Bragg gratings
108 and the positions of the Bragg gratings 108 may be
estimated from a time at which the responses are re-
ceived by the optical analyser 115.

[0048] In one particular example the reflectivity of each
Bragg grating 108 is chosen such that each response
has, at the location of the optical analyser 115, approxi-
mately the same intensity.

[0049] It will be appreciated that in a further variation
of this embodiment the apparatus may be arranged such
that responses from respective Bragg gratings can be
analysed by receiving light that is transmitted through the
Bragg gratings 108. For example, in this case the optical
sensing device 106 typically is arranged such that light
is guided from the light source 102 through the Bragg
gratings 108 and then directly to the optical analyser 115.

Claims

1. An optical sensing device for sensing a pressure or
force within a body lumen, the device comprising:

a plurality of optical light guide portions (110),
each optical light guide portion having a sensing
region for sensing a pressure or force;

a support (112) for supporting the optical light
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guide portions, the supportbeing a tubular mem-
ber and having a plurality of recesses (118) at
the sensing regions, the sensing regions having
two or more different radial positions around a
portion of the support, the optical light guide por-
tions being attached to the support at the sens-
ing regions such that the sensing regions are
positioned between attachment regions, the
support being rigid at the sensing regions and
arranged such that a strain in any one of the
sensing regions is not directly influenced by a
change in strain of an or the optical light guide
portion outside that sensing region;

wherein the optical device is arranged to sense
a pressure or force at the two or more different
radial positions such that it is possible to sense
the pressure or force in a multi-directional man-
ner;

characterised in that the support (112) com-
prises at least one groove that is helical and is
arranged to guide at least one optical light guide
portion (110) around the support (112) and each
optical light guide portion (110) is positioned
around the support (112) in a respective groove.

The optical sensing device of claim 1 having sensing
regions at more than two angular orientations rela-
tive to an axis of the device.

The optical sensing device of claim 1 or 2 wherein
the light guide portions (110) are optical fibre por-
tions, wherein at least some optical light guide por-
tions comprise Bragg gratings (108)at sensing re-
gions.

The optical sensing device of any one of the preced-
ing claims wherein the optical sensing device is ar-
ranged for sensing the pressure or force in a manner
such that a radial and longitudinal position can be
determined.

The optical sensing device of any one of the preced-
ing claims wherein the recesses are provided in the
form of through holes.

The optical sensing device of claim 3 or claim 4 any
when dependenton claim 3 wherein the optical sens-
ing device is arranged such that an applied sideways
force results in alocal distortion of one or more Bragg
gratings (108), which in turn effects a change in strain
of the Bragg grating.

The optical sensing device of any one of the preced-
ing claims comprising a plurality of optical fibres
(110) and each optical fibre comprising a plurality of
optical light guide portions with Bragg gratings (108).

The optical sensing device of any one of the preced-
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ing claims wherein the optical light guide portions
(110) are positioned spaced apart from each other
in a helical manner around the support (112) such
that sensingregions havingimmediately adjacentra-
dial positions are sensing regions of adjacent optical
fibres and not sensing regions of the same optical
fibre.

The optical sensing device of any one of the preced-
ing claims where at least one of the following apply:

a) the optical sensing device comprises an outer
elastic sleeve (128) that is removable;

b) the optical sensing device comprises an in-
flatable balloon (128), and outer elastic sleeve
that is removable;

c) at least some sensing regions are arranged
to sense a force or pressure and at least one
sensing region with at least one sensing region
is arranged to sense a local temperature such
that an influence of a change in temperature on
the sensing of the force of pressure can be de-
termined.

Patentanspriiche

Optische Sensorvorrichtung zum Erfassen eines
Drucks oder einer Kraft innerhalb eines Korperlu-
mens, wobei die Vorrichtung folgendes umfasst:

eine Vielzahl von optischen Lichtleiterabschnit-
ten (110), wobei jeder optische Lichtleiterab-
schnitt einen Sensorbereich zur Erfassung ei-
nes Drucks oder einer Kraft aufweist;

einen Trager (112) zur Halterung der optischen
Lichtleiterabschnitte, wobei der Tréger ein réh-
renférmiges Element miteiner Vielzahl von Aus-
sparungen (118) an den Sensorbereichen ist,
wobei die Sensorbereiche zwei oder mehr un-
terschiedliche radiale Positionen um einen Ab-
schnitt des Tragers herum einnehmen, wobei
die optischen Lichtleiterabschnitte am Trager
derart an den Sensorbereichen befestigt sind,
dass die Sensorbereiche zwischen Befesti-
gungsbereichen positioniert sind, wobeider Tra-
ger an den Sensorbereichen steif und derart
ausgelegt ist, dass eine Dehnung in einem der
Sensorbereiche nicht direkt von einer Anderung
der Dehnung eines bzw. des optischen Lichtlei-
terabschnitts aulRerhalb dieses Sensorbereichs
beeinflusst wird;

wobei die optische Vorrichtung zur Erfassung
eines Drucks oder einer Kraft an den zwei oder
mehreren unterschiedlichen radialen Positio-
nen ausgelegt ist, um dadurch eine multidirek-
tionale Erfassung des Drucks oder der Kraft zu
ermdglichen;
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dadurch gekennzeichnet, dass der Trager
(112) mindestens eine Nut aufweist, die spiral-
férmig verlauft und ausgelegt ist, um mindes-
tens einen optischen Lichtleiterabschnitt (110)
umden Trager (112) herum zu fihren, und jeder
optische Lichtleiterabschnitt (110) um den Tra-
ger (112) herum in einer entsprechenden Nut
verlauft.

Optische Sensorvorrichtung nach Anspruch 1 mit
Sensorbereichenin mehr als zweiWinkelausrichtun-
gen relativ zu einer Achse der Vorrichtung.

Optische Sensorvorrichtung nach Anspruch 1 oder
2, bei der die Lichtleiterabschnitte (110) Glasfaser-
abschnitte sind, wobei mindestens einige optische
Lichtleiterabschnitte in Sensorbereichen Bragg-Git-
ter (108) umfassen.

Optische Sensorvorrichtung nach einem der vorher-
gehenden Anspriiche, bei der die optische Sensor-
vorrichtung zum Erfassen des Drucks oder der Kraft
derart angeordnet ist, um die Bestimmung von Ra-
dial- und Langsposition zu ermoglichen.

Optische Sensorvorrichtung nach einem der vorher-
gehenden Anspriche, bei der die Aussparungen in
Form von Durchgangsbohrungen vorgesehen sind.

Optische Sensorvorrichtung nach Anspruch 3 oder
Anspruch 4 bei Riickbezug auf Anspruch 3, bei der
die optische Sensorvorrichtung derart angeordnet
ist, dass eine angelegte seitliche Kraft zu einer loka-
len Verzerrung eines oder mehrerer Bragg-Gitter(s)
(108) filhrt, was wiederum eine Anderung der Deh-
nung des Bragg-Gitters bewirkt.

Optische Sensorvorrichtung nach einem der vorher-
gehenden Anspriiche, umfassend eine Vielzahl von
optischen Fasern (110), wobei jede optische Faser
eine Vielzahl von optischen Lichtleiterabschnitten
mit Bragg-Gittern (108) umfasst.

Optische Sensorvorrichtung nach einem der vorher-
gehenden Anspriiche, bei der die optischen Lichtlei-
terabschnitte (110) derart im Abstand voneinander
spiralférmig um den Trager (112) herum angeordnet
sind, dass Sensorbereiche mit direkt benachbarten
radialen Positionen Sensorbereiche benachbarter
optischer Fasern und nicht Sensorbereiche dersel-
ben optischen Faser sind.

Optische Sensorvorrichtung nach einem der vorste-
henden Anspriche, bei der mindestens eine der
nachstehenden Bedingungen erfillt ist:

a) die optische Sensorvorrichtung umfasst eine
aulere elastische Hiilse (128), die abnehmbar
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ist;

b) die optische Sensorvorrichtung umfasst ei-
nen aufblasbaren Ballon (128) und eine dul3ere
elastische Hilse, die abnehmbar ist;

c) mindestens einige Sensorbereiche sind zur
Erfassung einer Kraft oder eines Drucks und
mindestens eines Sensorbereichs angeordnet,
wobei mindestens ein Sensorbereich zur Erfas-
sung einer lokalen Temperatur angeordnet ist,
umdie Bestimmung eines Einflusses einer Tem-
peraturanderung auf das Erfassen der Kraft
oder des Drucks ermdglicht wird.

Revendications

Un dispositif de détection optique pour détecter une
pression ou une force dans une lumiére d’un orga-
nisme, le dispositif comprenant :

une pluralité de parties de guide d’onde optique
(110), chaque partie de guide d’onde optique
ayant une région de détection pour détecter une
pression ou une force ;

un support (112) pour supporter les parties de
guide d’'onde optique, le support étant un mem-
bre tubulaire et ayant une pluralité de cavités
(118) dans les régions de détection, les régions
de détection ayant deux positions radiales dif-
férentes ou plus autour d’'une partie du support,
les parties de guide d’onde optique étant atta-
chées au support dans les régions de détection
de telle sorte que les régions de détection soient
positionnées entre les régions d’attachement, le
support étant rigide dans les régions d’attache-
ment et disposées de telle sorte qu’une pression
s’exercant sur I'une quelconque des régions de
détection n’est pas directement influencée par
la pression sur une ou la partie de guide d’onde
optique en-dehors de la région de détection ;
dans lequel le dispositif optique est disposé pour
détecter une pression ou une force aux deux
positions radiales différentes ou plus de sorte
qu’il est possible de détecter la pression ou la
force d’'une maniére multidirectionnelle ;
caractérisé en ce que le support (112) com-
prend au moins une cannelure qui est hélicoi-
dale et est disposée pour guider au moins une
partie de guide d’onde optique (110) autour du
support (112) et chaque partie de guide d’onde
optique (110) est positionnée autour du support
(112) dans une cannelure respective.

Dispositif de détection optique de la revendication 1
ayant des régions de détection dans plus de deux
orientations angulaires par rapport a un axe du dis-
positif.
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3.

Dispositif de détection optique de la revendication 1
ou 2 dans lequel les parties de guide d’'onde (110)
sont des parties de fibre optique, dans lequel au
moins certaines des parties de guide d’'onde optique
comprennent des réseaux de diffraction de Bragg
(108) dans les régions de détection.

Dispositif de détection optique de I'une quelconque
des revendications précédentes dans lequel le dis-
positif de détection optique est disposé pour détecter
la pression ou la force d’'une maniére telle qu'il est
possible de déterminer une position radiale et longi-
tudinale.

Dispositif de détection optique de I'une quelconque
des revendications précédentes dans lequel les ca-
vités sont fournies sous la forme de trous percés.

Dispositif de détection optique de la revendication 3
ou larevendication 4 lorsqu’elle dépend de la reven-
dication 3 dans lequel le dispositif de détection op-
tique est disposé de telle sorte qu'une force appli-
quée latéralement entraine une distorsion locale
d’'un ou plusieurs réseaux de diffraction de Bragg
(108), ce qui a son tour provoque un changement
de la contrainte exercée sur le réseau de diffraction
de Bragg.

Dispositif de détection optique de I'une quelconque
des revendications précédentes comprenant une
pluralité de fibres optiques (110) et chaque fibre op-
tique comprenant une pluralité de parties de guide
d’onde optique ayant des réseaux de diffraction de
Bragg.

Dispositif de détection optique de I'une quelconque
des revendications précédentes dans lequel les par-
ties de guide d’onde optique (110) sont espacées
I'une de l'autre de maniére hélicoidale autour du sup-
port (112) de telle sorte que les régions de détection
ayantles positions radialesimmédiatementadjacen-
tes soient les régions de détection de fibres optiques
adjacentes et ne soient pas des régions de détection
de la méme fibre optique.

Dispositif de détection optique de I'une quelconque
des revendications précédentes sur lequel au moins
un des points suivants s’applique :

a) le dispositif de détection optique comprend
une gaine extérieure élastique (128) qui est
détachable ;

b) le dispositif de détection optique comprend
un ballonnet gonflable (128), et une gaine exté-
rieure élastique qui est détachable ;

¢) au moins certaines des régions de détection
sont disposées pour détecter une force ou une
pression et au moins une région de détection
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avec au moins une région de détection est dis-
posée pour détecter une température locale de
telle sorte qu’une influence d’un changementde
température sur la détection de la force ou de
la pression puisse étre déterminée.
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