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(57) Abstract: The present disclosure provides an optical sensing apparatus for measuring a change in a first property. The optical
sensing apparatus comprises first and second optical tibre portions and a sensing region for exposing both the first and second optic -
al tibre portions to a change in an applied force. The force 1s, or 1s related to, the first property and has a component that 1s transvers -
al to the optical fibre portions. The apparatus turther comprises a holder for holding the first and second optical fibre portions in the
sensing region. The first and second optical fibre portions are arranged relative to each other such that the change mn the force results
in a first change of an optical property of the first optical fibre portion and in a second change of the optical property of the second
optical fibre portion and wherein the first change difters from the second change.
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AN OPTICAL SENSING APPARATUS

F1eld of the Invention

5
The present i1nvention broadly relates to an optical
sensing apparatus and relates particularly, though not
exclusively, to an optical sensing apparatus for measuring
a change 1n an applied pressure or force.

10

Background of the ITnvention

The ability to sense changes 1n properties within narrow
regions, such as narrow body lumens, 1s of 1lncreasing

15 1nterest for research and diagnostic or analytical
purposes. For example, the human heart pumps blood through
Che body and the measurement of blood pressure within
blood wvessels 1s of 1nterest for characterising a
circulatory system of a patient. Another example relates

20 to diagnostic needs to measure a distribution of pressures
exerted by muscles around the alimentary canal, which
moves food from the mouth i1nto the stomach. Further, there
are many examples 1n other fields of technology that
regulre measurements of propertilies 1n narrow areas, SsSuch

25 as 1n water Or gas plpes.

Optical devices for monitoring such properties are now
being developed. The optical devices may comprilise an
optical fibre Bragg grating, which has an optical response

30 that depends on a strain of the Bragg grating. The strain

on the Bragg grating can be applied by a “sqgueezing” force
1n the viclinity of the Bragg grating and the resultant

change 1n strain shifts a wavelength of an optical
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response to a different wavelength range. Such optical
properties have the advantage that they are usually
smaller than electrical or mechanical devices for
measuring the change 1n the property. Further, an optical
fibre may 1nclude a number of such Bragg gratings and each
grating may be arranged to give a different optical
response (for example at a different wavelength range).
Consequently, 1t 1s possible to analyse a distribution cf

pressures.

However, such optical systems still have significant
drawbacks. For example, 1t 1s often not possible, or 1t 1S
1nconvenient and unreliable to correct a measurement of a
change 1n a property, such as a pressure, for differential
cemperature change especially 1f a probe of the optical

system has to be very narrow.

Summary of the Invention

The present 1nvention provides 1n a first aspect an
optical sensing apparatus for measuring a change 1n a
first property, the apparatus comprising:

first and second optical fibre portions;

a sensing region for exposing the first and second
optical fibre portions to a change 1n an applied force,
—he force being associated with the first property and
having a component that 1s transversal to the optical
fibre portions,; and

a holder for holding the first and second optical
fibre portions 1n the sensing region;

whereln the first and second optical fibre portions
are arranged relative to each other such that the change

1n the force results 1n a first change of an optical
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property of the first optical fibre portion and 1n a
second change of the optical property of the second
optical fibre portion and wherein the first change differs

trom the second change.

The optical fibre portions typically are arranged relative
C0 each other such that the change 1in the force results 1n
an increase 1n the optical property of one of the first
and second optical fibre portions and a decrease 1n the
optical property 1n the other one of the first and second

optical fibre portions.

The apparatus typically 18 also arranged for measuring a
change 1n a second property 1n a manner such that the
change 1n the second property causes elther an 1increase of
—he optical property of both optical fibre portions or a
decrease of the optical property of both optical fibre
portions. Conseguently, the optical apparatus typically 1s
arranged such that the changes 1n the first and second
properties result 1n differential mode and common mode
changes of optical responses, respectively, when the first
and second optical fibre portions are exposed to the first

and second properties 1n a substantially equal manner.

The present i1nvention provides 1n a second aspect an
optical sensing apparatus for measuring changes 1n a first
and a second property, the apparatus comprising:

first and second optical fibre portions,

a sensing region for exposing the first and second
optical fibre portions to changes 1n the first and the
second property,; and

a holder for holding the first and second optical

fibre portions 1n the sensing region;
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whereln the apparatus 1s arranged such that the
change in the first property results 1n a differential
mode change 1n an optical property of the first and second
optical fibre portions and the change 1n the second
5 property results i1n a common mode change 1n the optical

property of the first and second optical fibre portions.

The first and second optical fibre portions typically are

arranged to experience a change i1n a force at the sensing
10 region, the force being assoclated with the first property

and having a component that 1s transversal to the first

and second optical fibre portions.

The followlng i1ntroduces features that relate to

15 embodiments of the first or second aspects of the present

invention.

The first and second optical fibre portions typically are
oriented along a line. The first and second optical fibre
20 portions may be located 1n close proximity to each other

and may be 1n contact at the sensing region.

In one embodiment at least one of the first and second

optical fibre portions may be wound around the line and
25 may form a helical or spiral arrangement. In one specific
example each of the first and second optical fibre

portions forms a helical or spiral arrangement.

In an alternative embodiment the first and second optical
30 fibre portions are oriented substant:islly parallel to the

line. In this case the optical fibre portions typically

are positioned at the sensing region within a plane that

1n use 18 not perpendicular to the direction of the force.



CA 02855704 2014-05-13

WO 2013/071351 PCT/AU2012/001406

10

15

20

22

30

The sensing reglon may comprise two or more regions that

are spaced apart from each other.

The filirst property may be any sultable property, but 1n
one specific embodiment 1s a force that 1n use 1s applied
0 a portion of the apparatus. Alternatively, the first
property may be a pressure that 1n use 1s applied to a
portion of the apparatus. The second property typically 1s
a property that 1s applied to the first and second fibre

portions 1n a substantially equal manner.

The apparatus may also comprise a component that 1s
arranged to generate a force when the component 1s exposed
ZO0 a change 1n the first property and that 1s positioned
relative to the sensing region such that the force 1is
applied to the first and second optical fibre portions.
The component may be arranged to change a shape or a
dimension when exposed to the first property, which may
for example be a chemical property of an environment tO

which the component 1s 1n use exposed.

The optical sensing apparatus typica_ly 1s elongated and

has a width that 1s less than Z2mm, 1.bmm, 1lmm or even less

Chan 0.bmm. The first and second optical fibre portions
may have any sultable diameter, but typically have an
outer diameter that has a diameter of less than 250um,

1251um or even 80um or less.

The optical sensing apparatus may be used 1n a variety cf
different applications, such as 1n-vivo 0r 1n-vitro
applications or may be attached to an exterior portion of

a human body. For example, the optical sensing apparatus
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may be used to measure a blood pressure 1n cilirculatory
system, measure a pressure 1n urological organs, may be
used to monitor forces or pressures along a body limb such
as a leg, or may be used to detect a chemical in any
suitable environment. Further, the optical sensing
apparatus may be used to measure pressures and forces 1in
neonates and animals. The described narrow design 1n
accordance with embodiments of the present 1nvention
facilitates the use of the optical apparatus for such
applications. Further, the optical device may be used for
various unrelated applications, such as measuring a
pressure or another property 1n a water or gas plipe.
Again, the narrow design 1n accordance with embodiments of
the present 1nvention facilitates applications in such cr

any other constrictive environments.

The first and second optical fibre portions may comprise
at least one Bragg grating at the sensing region and may
be arranged such that the change i1n an applied force
results 1n respective first and second changes 1n tensile
strain of the Bragg gratings at a sensing region. The

respective changes 1n tensile strain effect corresponding

changes 1n optical periods of the Bragg gratings.

Consequently, the change 1n the applied force 1s

detectable by detecting changes of optical responses f[rom

—he Bragg gratings.

In one specific embodiment the second property 1s a

cemperature and an i1ncrease or decrease 1n the temperature
causes a correspondlng 1ncrease or decrease, respectively,
of an optical period of the Bragg gratings of the first
and second optical fibre portions. As the change 1n the

first property results 1n a differential mode change and
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“he change 1n the second property 1n & common mode change,
1t 1s possible to measure both properties. Further, 1t 1s
possible to minimise the effect of a change in the second
property on a measurement result of the first property by
analysing the differential modes responses from the

optical sensing apparatus.

As mentioned above, the first and second optical fibre
portions typically are positioned in close proximity to
each other and may be 1n contact with each other for
example at the first and second sensing reglons and
cyplcally are 1in contact with each other along at least a
portion of their lengths. Such close proximity of the
optical fibres facilitates reduction of temperature
differences between the first and second sensing regions.
Consequently, 1t 1s possible to reduce a differential
change of the optical property of the first and second
sensing region caused by a change 1n temperature.
Further, the close proximity between the first and second
optical fibres facilities a narrow design of the optical
sensing apparatus which 1s particularly advantageous for
1n-vivo applilcations or other applications 1n which narrow

spaces need to be probed.

The holder may be shaped to hold the first and second
optical fibre portions such that the first and second
optical fibre portions are wound around a line or curve
along which the first and second optical fibre portions
are oriented. The holder typically has an opening or
recess that defines the sensing region. Further, the
holder may comprise a flexible portion, such as the
cantlilevered portion, that 1s arranged to transmit the

force, either directly or 1indirectly, to the sensing
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region. For example, the holder may comprise a cantllever

member via which the force 1s applied.

The holder may be a substantially tubular member.
Alternatively, the holder may be a substantially planar
member. The holder may be formed from a plastics or

metallic material.

The optical sensing apparatus may also comprise an outer
sleeve, such as an elastic sleeve that may be removable
and may have a closed distal end. The apparatus may for
example comprise an outer catheter 1n which the optical
fibre portions with the sensing region and the holder are

positioned.

In an alternative wvariation the apparatus comprises a base
portion on or over which the holder 1s positioned. The
apparatus may further comprise a cover portion that
—ogether with the base portion surrounds portions of the

apparatus.

The cover portion comprises the above-mentioned component.

The base portion and the cover portion may be formed frcm

a flexible material. In one embodiment the apparatus has a

generally flat cross—-sectional shape.

The sensing region may be one of a plurality of sensing
regions and the holder may be one of a plurality of
holders. The apparatus may be arranged such that the first
and the second properties can be measured at a plurality

of positions along the first and second optical fibres.

The first and second optical fibre portions may be
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portions of the same optical fibre (which may or may not
comprilise portions that are spliced together) or may be
portions of separate optical fibres. Further, each of the
first and second optical fibre portions may be a plurality

of optical fibre potions.

Fach holder may be provided in the form of a rigid member

Chat 1s rigidly attached at a respective sensing region.

Fach holder may be arranged such that a strain 1n the
sensing region 1s not directly influenced by a change 1in
strain of the optical fibre outside that sensing reglion,
which may be of arbitrary direction such as along the
sensing regions or transversal to the sensing regions. It
1s consequently possible to measure a change 1n the first
property and typically also the second property at a
plurality of sensing regions and thereby measure a change

1n a spatial distribution of the first property.

The optical sensing apparatus may comprise flexible

portions that couple adjacent holders together.

In one specific embodiment the rigid member 1s provided 1n

the form of the holder that 1s shaped to hold the first

and second optical fibre portions.

The present i1nvention provides 1n a third aspect a methcd
of measuring first and second properties using an optical

sensing apparatus, the method comprising:

directing an optical signal to at least two optical
fibre portions at a sensing region of an optical sensing
apparatus;

exposing the at least two optical fibre portions to a

change 1n the first and second properties;
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receiving at least one optical response from each
optical fibre pcrtion;

identifying a differentizal mode signal from the
received optical response signals;

3 identifyving a common mode signal associated with a

change in a seccnd property; and

analysing the differential mode and the common mode
signals to identify the change in the first and second
properties, respectively.

10

The method typically alsc comprises the steps of
identifying a ccmmon mode signal assoclated with a change
in a second progperty; and

analysing the common mode signal to identify the

15 change i1n the second property.

The optical sensing épparatus typically 1s 1in accordance
with the first cr second aspect of the present invention
The invention will be more fully understood from the

20 following description of specific embodiments of the
invention. The description is provided with reference to

he accompanylng drawings.

According to another aspect of the present invention,
there 1s provided an optical sensing apparatus for
25 measuring changes in pressure or force, the optical sensing
apparatus comprising:
first and second optical fibre portions with Bragg
gratings;
a sensing region for exposing both the first and
30 second optical fibre portions with the Bragg gratings to
changes in the pressure or force and 1n temperature; and
a holder for holding the first and second optical

fibre portions within the sensing region, the holder being

CA 2855704 2018-09-10
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provided 1in the form of a rigid member that 1s rigidly

attached to the optical fibre portions at either side of
the sensing region and the Bragg gratings,

wherein, within the sensing region, the first and
second optical fibre portions are arranged relative to each
other such that the change 1n the force or pressure results
ln an 1lncrease 1n an optical property of one of the first
and second optical fibre portions and a decrease 1n the
optical property 1in the other one of the first and second
optical fibre portions;

whereiln the apparatus is also arranged for measuring
a change in temperature 1n a manner such that the change in
temperature causes either an increase of the optical
property of both optical fibre portions or a decrease of
the optical property of both optical fibre portions;

whereln the first and second optical fibre portions

are oriented along a line; and

wherein at least one of the first and second optical

fibre portions 1s wound around the line at the sensing

reglon.

According to another aspect of the present invention,
there 1s provided an optical sensing apparatus for

measuring changes 1n pressure or force, the optical sensing

apparatus comprising:

first and second optical fibre portions with Bragg
gratings;

a sensing reglion for exposing both the first and
second optical fibre portions with the Bragg gratings to
changes 1n the pressure or force and in temperature; and

a holder for holding the first and second optical
fibre portions within the sensing region, the holder being
provided in the form of a rigid member that is rigidly
attached to the optical fibre portions at either side of

the sensing region and the Bragg gratings;

CA 2855704 2018-09-10



10

15

2.0

25

30

35

- 10b -

whereiln, within the sensing region, the first and
second optical fibre portions are arranged relative to each
other such that the change 1n the force or pressure results
in an i1ncrease 1n the optical property of one of the first
and second optical fibre portions and a decrease in the

optical property in the other one of the first and second

optical fibre portions;

wherein the apparatus 1s also arranged for measuring
a change 1n temperature in a manner such that the change in
temperature causes elther an increase of the optical
property of both optical fibre portions or a decrease of
the optical property of both optical fibre portions;

whereln at least one of the first and second optical

fibre portions forms a helical or spiral arrangement.

According to another aspect of the present invention,
there 1s provided an optical sensing apparatus for
measuring changes 1n pressure or force, the optical sensing
apparatus comprising:

first and second optical fibre portions with Bragg
gratings;

a sensing reglon for exposing both the first and

second optical fibre portions with the Bragg gratings to
changes 1n the pressure or force and in temperature; and

a holder for holding the first and second optical
fibre portions within the sensing region, the holder being
provided in the form of a rigid member that 1s rigidly
attached to the optical flbre portions at either side of

the sensing region and the Bragg gratings;

wherein, within the sensing region, the first and
second optical fibre portions are arranged relative to each
other such that the change in the force or pressure results
in an increase in the optical property of one of the first
and second optical fibre portions and a decrease in the

optical property i1in the other one of the first and second

optical fibre portions;

CA 2855704 2018-09-10
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wherein the apparatus 1s also arranged for measuring

a change in temperature in a manner such that the change 1in

temperature causes either an 1ncrease of the optical
property of both optical fibre portions or a decrease of
5 the optical property of both optical fibre portions; and
wherein the holder 1s shaped to hold the first and

second optical fibre portions such that the first and

second optical fibre portions are wound around each other
and wherein the holder has an opening or recess that

10 defines the sensing region.

- Brief Descripticn of the Drawings

Figure 1 shows a system for measuring a first
15 property in acccrdance with a specific embodiment of the
present i1nventicn;
Figures 2 shows an optical sensing apparatus
according to an embodiment of the present invention; and
Flgure 3 to 7 show components of an optical sensing
20  apparatus in accordance with specific embodiments of the

present inventicn.

CA 2855704 2018-09-10
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Detailed Description of Specific Embodiments

Referring i1nitially to Figure 1, a system for measuring a
D first property 1s now described. In the described

embodiment the first property 1s a pressure. However, 1t

1s to be appreciated by a person skilled i1n the art that

Che apparatus may alternatively be arranged for sensing

other properties such as a force that may for example be
10 associated with a chemical or biochemical reaction

initiated 1n the proximity of the system.

The system 100 comprises a light source 102 which i1n this
embodiment 1s a broadband light source commonly referred
15 tTo as a “white” light source even though the light that 1is
emitted by the light source 102 may have any wavelength
range. The light 1s directed via optical circulator 104 to
an apparatus for pressure sensing 106. In a variation of
Chis embodiment the circulator 104 may be replaced by an
20 optical coupler, an optical splitter or an optical beam
splitter. The system 100 further comprises an optical
analyser 108 for analysing an optical response signal from

—he apparatus 106.

25  The apparatus 106 1s 1n this embodiment arranged for 1n-
V1VO pressure measurements and comprises a catheter (not
shown) that 1s formed from a bliocompatible material.
Further, the apparatus 106 typically comprises an X-ray
opagque material or serilies of xX-ray opaque elements, such

30 as a metallic material, for locating the apparatus 106 1n

the human body.
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The apparatus 106 has a relatively narrow shape and has a

diameter of less and 2 or even less than 1 millimeter. The

narrow shape facilitates use of the apparatus 106 for 1in-
vivo applications or other applications 1n which a narrcw

5 probe diameter 1s of i1mportance. Such other applications
include for example characterizing properties of the human
vascular system, the lymphatic system, the distal secticns
of the human lungs, the 1ntracranial volume, or within the
human urological organs. The sensing aepparatus 106 when

10 formed 1nto a catheter could be placed i1nto the human
alimentary canal via nose, another natural bodily orifice,
or via a stoma, or placed into the vascular system via a

percutaneous cannula. A person skilled i1n the art will

appreciate that similar applications 1n various other

15 fi1elds of technology are possible, such as monitoring of

utility assets or civil engilneering structures.

The apparatus 106 comprises two optical fibres that each
have a series of Bragg gratings (not shown). The apparatus
has a series of sensing regions at which the Bragg

20 gratings are positioned and which are sensitive to local
changes 1n external pressure. The optical fibers of the
apparatus 106 are positioned such that a change 1in
external pressure results 1n a change 1n a transversal

force on the sensing regions, which n turn causes a

25 change 1n strain i1n the Bragg gratings of the sensing
regions. The change 1n strain 1s detectable by detecting
an optical response using the optical analyser 108. The
optical fibers of the apparatus 1060 are positioned
relative to each other such that a change 1n external

30 pressure at the sensing regions resu_ts 1n a differential
mode signal change and a change 1n strain caused by a

change 1n temperature results 1n a common mode signal
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change, which will be described in further detall with

reference to Figure 2.

It will be appreciated that the system 100 may comprise a
number of apparatus 106 an each apparatus 106 may also

comprlse more than two optical fibers.

Figure 2 shows the optical sensing apparatus 106 with
optical fibres 200 and 202. The optical fibre portions
200 and 202 are oriented along a line and are wound around
—he line such that a double helical structure 1s formed.
The optical fibers 200 and 202 each comprise a series of
Bragg gratings (FBGs) and the optical fibers 200 and 202
are located such that the FBGs are 1n a specific
orientation to the direction of applied force, so as Lo

maximize the response of the sensing regions to a given

applied signal. The Bragg gratings are positioned 1n
sensing regions of the optical fibers 200 and 202 and
consequently the optical sensing apparatus 106 has a
series of sensing regions at cross points of the optical

fibers 200 and 202.

The apparatus 100 comprises a series of holders 204 that
hold the optical fibers 200 and 202 n the double helical
configuration. Further, the holders 204 have windows
and/or flexible portions that define the sensing regions
and are arranged for receiving externagl forces associated
with external pressures. The optical fibers 200 and 202
with the holders 204 are positioned in a tube 206, which
1n this embodiment 1s provided 1n the form of a catheter.
The optical sensing apparatus 106 1s 1n this embodiment

arranged for 1n-vivo pressure measurement.

If an external force applied to the sensing regions,

having a component that 1s transversal to the axis of the
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helix, at the holders 204 of the optical sensing apparatus
106 changes, the optical fibers 200 and 202 will
experience a deflection 1n a direction transversal to the
axis. The holder 204 1s arranged to constrain the fibre
portions 200 and 202 from moving 1n other directions. This

deflection results 1n an i1ncrease 1n tensile strain 1n cne

of the Bragg gratings and a reciprocal change in tensile
strain 1n the other one of the Brag gratings.
Consequently, an optical period of the Bragg gratings of
“he optical fibers 200 and 202 will increase for one of
—he Bragg gratings and decrease for the other one of the
Bragg gratings. It follows that a difference between the

optical responses Ifrom both Bragg gratings 1s indicative

of the change 1n external force.

The apparatus 106 may be subjected to changes 1n
cemperature. For example, 1f the apparatus 106 1s used 1n
an 1n-vivo application, a pressure assocliated with
Transportation of a liguid or bolus may be measured and

—he ligquid or bolus may locally change the temperature cof

the apparatus 106. The Bragg gratings of the optical
fibres 200 and 202 are 1n this embodiment 1n 1ntimate
contact and both Bragg gratings of each sensing will

consequently experience substantially the same change 1in

C_emperature, at substantially the same rate. The change 1in

cemperature wlill cause the refractive index and the

strains 1n both Bragg gratings to change 1in the same
manner and consegquently will result n a common mode
change 1n the optical response signals from the apparatus
106. Conseqguently, 1t 1s possible to distinguish the
effect of a change 1n pressure on an optical response from

—he effect of a change 1n temperature on the optical
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response. It follows that the changes 1n temperature and

Che pressure can both be measured.

The Bragg gratings of the optical fibers 200 and 202 have
1n this embodiment slightly different optical periods such
5 tThat 1t 1s possible to associate an optical response with
a particular Bragg grating. Conseguently, 1t 1s possible
TO measure a distribution of pressure
changes. Alternatively, the Bragg gratings of the optical
fibers 200 and 202 may have substantizlly i1dentical
10 optical periods and spatial distribution of the origin c¢f
optical responses may be derived by de—-multiplexing time

division multiplexed or Fourier encoded optical signals.

In order to ensure that the change 1n stralin at the
location of one of the sensing regions 1s not influenced
15 Dby a change 1n straln at another one of the sensing

regions, the holders 204 are rigid e_ements and the

optical fibers 200 and 202 are rigidly attached at either
si1de 0of each sensing region (and consequently at either

side of each Bragg grating) to the holders 204.

20 In this embodiment the apparatus 106 also comprises a
component 208 that 1s arranged to change 1ts shape when
exposed to a predetermined chemical environment. FoOr
example, the component 208 may comprise a hydrogel or
polymer that deforms, swells, or otherwise changes 1ts

25 shape or volume when exposed to the predetermined chemical

condition. The component 208 1s positioned such that the

change 1n shape or volume results 1n & change 1in force

applied to the optical fibres 200 and 202. A person

skilled 1n the art will appreciate that various materials
30 are known that change a shape or volume when exposed to

chemical conditions. A variation of the component 208 will
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also be described 1in further detail with reference to

Flgure 6.

It will be appreciated that the apparatus 106 shown 1n
Figure 2 1llustrates only one possible embodiment of the
present i1invention. For example, 1n variations of the
described embodiment the optical fibers 200 and 202 may
not be 1n i1intimate contact or may be separated by theilr
respective protective coatings. In addition, the

apparatus 106 may not necessarilly comprise a catheter that

1s formed by a bio-compatible material. The optical
sensing apparatus 106 may alternatively for example
comprlise another type of protective tubling or may be
embedded 1n a plane or sheet material, such as a wing of
an airplane or another structure i1in or at which monitoring
of pressures 1s of 1nterest. Further, the apparatus 106
may be used to measure pressures, temperatures and detect
chemicals 1n various other environments such as such 1n a
waste water pipe. In addition, the optical fibers 200 and
202 may not necessarily form a double helical

arrangement. For example, the optical fibers 200 and 202
may form a (double) spilral-shaped arrangement, or any
other arrangement 1n which a change 1n an applied
cransversal force results 1n a differential mode change 1n
strain of the Bragg gratings of the optical fibers. For
example, the optical fibres may be parallel and oriented
along a line and within a plane that 1s not perpendicular

-

t0o the direction of the transversal force.

Referring now to Figures 3 to 5 components of the
apparatus 106 are described 1n further detail. Figures 3
and 4 show the optical fibers 200 and 202 and the holder
204. Figure 3 shows a top portion of the holder 204 and
F'igure 4 shows a bottom portion of the holder 204. The



CA 02855704 2014-05-13

WO 2013/071351 PCT/AU2012/001406

10

15

20

2.

30

_ 17 -
holder 204 holds the optical fibers 200 and 202 1n the
discussed double helical arrangement, which 1s visible 1n
Figures 3 and 4. The holder 204 has an inner portion that
1s arranged to guide the optical fibers 200 and 202 1n the
double helical arrangement through the holder 204 when the
optical fibers 200 and 202 are 1inserted 1n the holder 204

for manufacturing of the apparatus 106.

The holder 204 1s 1n this embodiment formed from a

plastics or metallic material and comprises a flexible top

portion 206. The flexible top portion 1s a cantilever-
l1ke arrangement and positioned near the sensing regions
of the optical fibers 200 and 202. When an external
cransversal force that 1s applied to the flexible top
portion 206 1ncreases, the flexible portion 206 will be
deflected i1nwardly and wilill cause a corresponding movement
of portions of the optical fibers 200 and 202 1n the
sensing region. The holder 204 has an open bottom portion
208 to enable a relatively large amp_itude of the
deflection. Consequently, the portions of the optical

fibers 200 and 202 can be deflected transversely.

It 1s to be appreciated that the holder 204 may take many
different forms. For example, the holder 204 may not
necessarily have a flexible top porton 206 and may
1nstead comprise a membrane or the sensing region may be
exposed to the external force only via a protective

—ublng, such as the tubing 206.

Figure 5 shows further components of the apparatus 106.
The components shown 1n Flgure 5 comprises three of the
holders 204 which are arranged to ho_d the optical fibers
200 and 202 1in the described double helical arrangement.
Further, Figure 5 shows two flexible elements 210 that
couple together adjacent holders 204. The flexible
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elements 210 are 1n this embodiment also formed from a
plastics material, but may alternatively be formed from
another suitable material such as a sultable metallic
material. In this example, the flexible elements 210
comprise spiral-shaped portions which are responsible for

providing the flexibility of the flexible elements 210.

The holders 204 and the flexible elements 210 have

couplings at end portions, such as clip-like elements that
cach couples an end of one of the holders 204 to an end of
one of the flexible elements 210. An apparatus 106 having
—he holders 204 and the flexible elements 210 consequently

offers flexibility 1n a transversal direction and at the

same time some rigidity i1n a longitudinal direction which
facilitates insertion of the apparatus 106 1nto a body
lumen. Further, the optical fibers 200 and 202 are

protected from external impacts.

Referring now to Figures 6 and 7, an optical sensing
appraratus 0600 1in accordance with a further specific
embodiment 1s now described. Figure 6 shows a schematic
cross—-sectional representation of the apparatus 600 and
Figure 7 shows a perspective view of components of the

apraratus 600.

The apparatus 600 comprises optical fibres 602 and 604,
which are wound around each other such that a double

helical arrangement 1s formed. The optical fibres 602 and

5604 1nclude Bragg gratings ©05 that are positioned at
sensing regions defined by a recess 607 of holder 606. The
holder 606 1s arranged to hold the optical fibres 602 and
604 1n the double helical arrangement. The apparatus 600
also comprises a flexible sheath that surrounds the

optical fibres 602, 604 and the holder 606. The appraratus
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500 has 1n this wvariation a flat cross—-sectional shape 1in
a transversal direction of the apparatus and perpendicular
Zo the plane of the drawing of Figure 6. The apparatus
500 may for example be arranged for positioning at a body
portion, such as a limb of a patient. The apparatus 600
may be arranged for measuring a force or pressure
distribution along the limb. The sensing apparatus 600
when formed i1nto a substantially flat cross—sectional
shape could also be placed underneath a compression
garment or bandage, o©or under an orthopaedic cast. A person
skilled 1n the art will appreciate that similar
applications 1n various outer fields of technology are
possible, such as monitoring of util_ty assets or civil

engineering structures

The flexible sheath 600 comprises an upper portion 608
(“upper tape”) and a lower portion o610 (“lower tape”). For
example, the upper portion 608 may be provided in the form
of a cloth or polymer tape that may be adhesive and
stretchable. Further, the upper port_on 608 may also
comprlise silicone, an elastomeric material or metallic

materi1al.

The lower portion 610 may be formed from the same material

as the upper portion 608 or may alternatively be provided
1n the form a rigid element (dependent on an envisaged
application). The rigid element may also comprise the

holders 600.

The holder o606 1s formed from a stainless steel material,
but may alternatively also be formed from another suitable
material, such as a suitable polymeric material. In the

embodiment shown 1n Figure / the holder 1s a planer
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element and has a recess (through ho_e) 607 that defines
Che sensing region. In another variation the holder 606
may also comprise a cantilever or other suitable

arrangement that protects the optical fibres 1n the

5 sensing region (similar to the holder 204 shown in Figure

3) .

In one embodiment of the apparatus 600 the upper portion
608 and/or the lower portion 610 are formed form a porous
10 material and the apparatus 600 functions as a force sSensor
sensing forces at the locations of the sensing regions.
Alternatively, the upper portion 608 and the lower portion
610 may not be porous and the apparatus 600 may be
arranged to function as a pressure sensor for sensing a

15 pressure within a fluid or a gaseous environment.

In another variation the apparatus 600 may be arranged for
measuring a property other than a force or a pressure,
such as a chemical or biochemical property. For example,
20 the upper portion 608 may comprise a material (such as a
hydrogel or sultable polymeric materizl) that deforms,
swells, or changes 1ts shape or volume or strain 1n the

presence of a parameter to be measured.

2b In one specific example the upper portion 608 comprises
silicone, which 1s known to swell when exposed toO
ethanol. The apparatus 600 1s 1n this example arranged
—hat the swelling of the silicone 1n the upper portion 608
causes a change 1n a force on the optical fibres 602 and

30 604 at the sensing regions, which results 1n a change 1in
optical path lengths of the Bragg gratings. Consequently,
“he apparatus 600 functions 1n this specific embodiment as

a detector for ethanol.
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The apparatus 600 may also comprise a further component
(not shown), such as a band that may surround the optical
fibres 602 and 604 and 1s arranged such that swelling of
“he further component changes a force on the Bragg grating
when the further component 1s exposed to a suitable change
1n the environmental condition. The further component may
be positioned 1n or at the upper portion 608 and may
comprise a solid (rigid) material such as a bimorph
material that changes 1ts shape when exposed to the
environmental condition and 1s positioned such that the
change 1n shape causes a change 1n a force applied to the

optical fibre portions at the sensing regions.

The apparatus 600 has a normal state at which the
apparatus 1s not exposed to the environmental condition or
at which the apparatus 600 1s exposed to a predetermined
normal environmental condition. The apparatus 600 1s 1n
—his embodiment arranged such that a force 1s applied to
the optical fibre portions 602 and 604 at the sensing
regions also 1n the normal condition, which has the
advantage that bi-directional measurement rather than
unidirectional measurement are possilible. For example, the
apparatus 600 may be arranged to measure both acid and
alkaline conditions using a material that reacts
monotonically with 1ncreasing pH 1f the Bragg gratings
were 1n slight tension at a pH of the order of 7. A person
skilled 1n the art will appreciate that various other

variations are possible.

Although the 1nvention has been described with reference

o particular examples, 1t will be appreciated by those
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skilled 1n the art that the invention may be embodied 1n

many other forms.
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The embodiments of the invention in which an exclusive

property or privilege 1is claimed are defined as follows:

1. An optical sensing apparatus for measuring changes in
pressure or force, the optical sensing apparatus comprising:
first and second optical fibre portions with Bragg

gratings;

a sensing region for exposing both the first and second
optical fibre portions with the Bragg gratings to changes 1in the
pressure or force and 1n temperature; and

a holder for holding the first and second optical fibre
portions within the sensing region, the holder being provided in
the form of a rigid member that 1s rigidly attached to the
optical fibre portions at either side of the sensing region and
the Bragg gratings,

wherein, within the sensing region, the first and second
optical fibre portions are arranged relative to each other such
that the change in the force or pressure results 1n an i1ncrease
in an optical property of one of the first and second optical
fibre portions and a decrease in the optical property 1n the
other one of the first and second optical fibre portions;

wherein the apparatus 1s also arranged for measuring a

change in temperature 1n a manner such that the change in

temperature causes either an increase of the optical property of
both optical fibre portions or a decrease of the optical property
of both optical fibre portions;

wherein the first and second optical fibre portions are
oriented along a line; and

whereln at least one of the first and second optical fibre

portions 1s wound around the line at the sensing region.

CA 2855704 2018-09-10
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2. The optical sensing apparatus of claim 1, whereln the force

or pressure has a component that is transversal to the first and

second optical fibre portions.

3. The optical sensing apparatus of claim 1 or 2, wherein the
first and second optical fibre portions are in contact with each

other at the sensing region.

4. The optical sensing apparatus of any one of claims 1 to 3,
wherein the first and second optical fibre portions are oriented
substantially parallel to the line and are positioned at the
sensing region within a plane that in use is not perpendicular to

the direction of the force.

5. The optical sensing apparatus of claim 1, comprising a
component that is arranged to generate a force when a portion of
the component is exposed to a change in the pressure or force and
that is positioned relative to the sensing region such that the

force is applied to the first and second optical fibre portions.

6. The optical sensing apparatus of claim 5, wherein the
component is arranged to change a shape or a dimension when

exposed to the pressure or force.

7. The optical sensing apparatus of any one of claims 1 to o,

wherein the first and second optical fibre portions are arranged
such that the change in an applied force or pressure results 1n

respective first and second changes 1in tensile straln of the

Bragg gratings at the sensing region.
8. The optical sensing apparatus of any one of claims 1 to 7,

wherein the holder comprises a cantilever member via which the

force or pressure is applied.

CA 2855704 2018-09-10
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0. The optical sensing apparatus of any one of claims 1 to 8,

wherein the holder is a substantially tubular member.

10. The optical sensing apparatus of any one of claims 1 to 8,

wherein the holder is a substantially planar member.

11. An optical sensing apparatus for measuring changes 1n
pressure or force, the optical sensing apparatus comprising:
first and second optical fibre portions with Bragg

gratings;

a sensing region for exposing both the first and second

optical fibre portions with the Bragg gratings to changes in the
pressure or force and 1n temperature; and

a holder for holding the first and second optical fibre
portions within the sensing region, the holder being provided 1n
the form of a rigid member that i1s rigidly attached to the
optical fibre portions at either side of the sensing region and
the Bragg gratings;

wherein, within the sensing region, the first and second
optical fibre portions are arranged relative to each other such
that the change in the force or pressure results 1n an 1ncrease

in the optical property of one of the first and second optical

fibre portions and a decrease 1in the optical property 1in the
other one of the first and second optical fibre portions;
wherein the apparatus 1s also arranged for measuring a

change in temperature in a manner such that the change in

temperature causes elther an increase of the optical property of
both optical fibre portions or a decrease of the optical property
of both optical fibre portions;

wherein at least one of the first and second optical fibre

portions forms a helical or spiral arrangement.

CA 2855704 2018-09-10
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12. The optical sensing apparatus of claim 11, wherein each of

the first and second optical fibre portions forms the helical or

splral arrangement.

13. An optical sensing apparatus for measuring changes in
pressure or force, the optical sensing apparatus comprising:

first and second optical fibre portions with Bragg
gratings;

a sensing region for exposing both the first and second
optical fibre portions with the Bragg gratings to changes in the
pressure or force and 1n temperature; and

a holder for holding the first and second optical fibre
portions within the sensing region, the holder being provided in
the form of a rigid member that is rigidly attached to the
optical fibre portions at either side of the sensing region and
the Bragg gratings;

wherelin, within the sensing region, the first and second
optical fibre portions are arranged relative to each other such
that the change 1n the force or pressure results in an increase
in the optical property of one of the first and second optical
fibre portions and a decrease 1n the optical property in the

other one of the first and second optical fibre portions;

wherein the apparatus 1s also arranged for measuring a

change 1n temperature in a manner such that the change in
temperature causes elther an increase of the optical property of
both optical fibre portions or a decrease of the optical property
of both optical fibre portions; and

wherein the holder i1s shaped to hold the first and second
optical fibre portions such that the first and second optical
fibre portions are wound around each other and wherein the holder

has an opening or recess that defines the sensing region.

CA 2855704 2018-09-10
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