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Description

Field of the Invention

[0001] The present invention broadly relates to an op-
tical device and relates specifically, though not exclusive-
ly, to an optical device for sensing a property.

Background of the Invention

[0002] Optical devices are widely used for sensing dif-
ferent properties. Such optical devices may comprise op-
tical fibres that have sensing regions in which a change
in a property causes a change in an optical condition for
guiding light in the optical fibres.

[0003] Forexample, an optical device may be arranged
for sensing changes in temperature, strain or pressure
and may comprise a Bragg grating which has an optical
response that depends on the strain of the Bragg grating.
A change in an external pressure or temperature may
cause a change in strain of the Bragg grating, which in
turn causes a change in a light interference condition.
Consequently, the change in external pressure or tem-
perature can be detected by monitoring an optical re-
sponse of the Bragg grating.

[0004] The optical device may comprise any number
of optical fibres with or without Bragg gratings. For ex-
ample the optical device may comprise a pair of optical
fibres. One optical fibre may be arranged for sensing a
first property and another property may be arranged for
sensing a second property. However, such optical devic-
es having a pair of optical fibres have the disadvantage
that mechanical bending flexibility of the device is re-
duced in a plane in which the optical fibres are positioned.
[0005] US patent publication number US 2006/182832
by Boon Ho discloses a sensing device for monitoring
temperature and a sensor in a semiconductor mold. The
disclosed device has a first optical fibre portion having a
first sensing region and further regions between which
the first sensing region is positioned; a first Bragg grating
incorporated in a first sensing region; a second optical
fibre portion having a second sensing region and further
regions between which the second sensing region is po-
sitioned; a second Bragg grating incorporated in a sec-
ond sensing region; at least one member to which the
first and second optical fibre portions are attached at the
firstand second sensing regions; a moveable wall portion
coupled to the first Bragg grating so that a movement of
the moveable wall portion causes a force that effects a
change in an optical period of the first Bragg grating
whereby the optical device is arranged for pressure sens-
ing; and wherein the first and second sensing regions
are positioned at opposite sides of an area defined be-
tween the first and second sensing regions and spaced
apart from each other by a first distance and wherein
adjacent further regions are spaced apart by a second
distance that is smaller than the first distance.
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Summary of the Invention

[0006] The present invention provides optical device
comprising:

a first optical fibre portion having a plurality of first
sensingregions that are separated by further regions
between;

a first Bragg grating incorporated in each first sens-
ing region;

a second optical fibre portion having a plurality of
second sensing regions that are separated by further
regions;

a second Bragg grating incorporated in each second
sensing region;

at least one member to which the first and second
optical fibre portions are attached at the first and sec-
ond sensing regions;

moveable wall portion coupled to respective first
Bragg gratings so that a movement of the moveable
wall portions causes a force that effects a change in
strain of the first Bragg grating and thereby effects
a change in an optical period of the respective first
Bragg grating whereby the optical device is arranged
for pressure sensing; and

wherein respective first and second sensing regions
are positioned at opposite sides of an area defined
between the first and second sensing regions and
wherein at adjacent further regions the first and sec-
ond optical fibre portions are spaced from each other
by a distance that is smaller than that at the respec-
tive first and second sensing regions.

The first optical fibre portion may be attached to the at
least one member at attachment regions between which
the first sensing regions are defined.

[0007] The second optical fibre portion may be at-
tached to the at least one member at attachment regions
between which the second sensing regions are defined.

[0008] The atleast one member may be a rigid mem-
ber.
[0009] The first and the second sensing regions may

be arranged for sensing the same properties. Alterna-
tively, the first and the second properties may be different
properties.

[0010] The optical device may comprise a region in
which the distance between the first and second optical
fibre portions is decreasing until the optical fibre portions
cross each other.

[0011] Theinvention willbe 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

[0012]
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Figure 1 shows an optical system according to a spe-
cific embodiment of the present invention,

Figures 2 shows an optical device according to an
embodiment of the present invention; and

Figure 3 (a) - (d) show components of an optical de-
vice according to embodiments of the presentinven-
tion.

Figure 3 (e) shows a non-claimed example.

Detailed Description of Specific Embodiments

[0013] An optical device according to embodiments of
the present invention is now described. According to the
invention, the optical device is arranged for pressure
sensing. However, it is to be appreciated by a person
skilled in the art that the device may, as a non-claimed
alternative, be arranged for sensing any other properties,
such as temperature or strain. Further, the device may
be arranged for sensing any number of suitable proper-
ties, which may or may not be the same properties. In
addition, the optical device may not be arranged for sens-
ing a property.

[0014] Referring initially to Figure 1, a system for pres-
sure sensing is now described. The system 100 compris-
es alightsource 102 which in this embodimentis a broad-
band 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 continuous wavelength range.
The light is directed via optical circulator 104 to a device
for pressure sensing 106. In a variation of this embodi-
ment the circulator 104 may be replaced by an optical
coupler, an optical splitter or an optical beam splitter.
[0015] The device 106 may comprise a catheter for
insertion into the human body. Further, the device 106
typically comprises an X-ray opaque material or series
of x-ray opaque elements, such as a metallic material,
for locating the device 106 in the human body.

[0016] In this embodiment the device 106 comprises
aplurality of Bragg gratings (not shown) which are formed
at least two optical fibres. The Bragg gratings of a first
group are arranged so that a change in external pressure
results in a change in strain of at least two of the Bragg
gratings of the first group. The change in strain causes
a change in an optical period of the at least one Bragg
grating of the first group, which is detectable by detecting
an optical response.

[0017] All Bragg gratings also experience a change in
strain in response to a change in temperature. Bragg
gratings of a second group of the Bragg gratings are po-
sitioned so that a change in external pressure does not
result in a change in the optical period which is only af-
fected by a change in temperature. Comparing the re-
sponses of Bragg gratings of the first group with that of
Bragg gratings of the second group allows obtaining in-
formation on changes in the external pressures that is
corrected for influences of changes in temperature.
[0018] The light that is produced by the light source
102 and that is directed to the Bragg gratings causes
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responses from the Bragg gratings which are directed
via the optical circulator 104 to optical analyser 108 for
optical analysis. Such a procedure is commonly referred
to as wavelength division multiplexing. The Bragg grat-
ings may also effect optical responses which overlap in
wavelength or frequency space as long as sufficient in-
formation is known about each Bragg grating to allow the
signals to be successfully deconvolved.

[0019] Figure 2 shows the device 106 in more detail.
The device 106 comprises in this example optical fibres
120 and 122, rigid members 124 and an outer sheath
125. The optical fibres 122 and 120 comprise Bragg grat-
ings 130, 132,134,136, 138, and 140. Each rigid member
124 has a movable wall portion which is provided in the
form of a diaphragm 142. In this embodiment, the optical
fibres 120 and 122 are rigidly connected at attachment
regions to respective rigid members 124 so that each
Bragg grating 130, 132, 134, 136, 138, and 140 is posi-
tioned between two immediately adjacent attachmentre-
gions.

[0020] The Bragg gratings 130, 134 and 138 are posi-
tioned at a window of a respective rigid member 124 and
on, in or near a respective diaphragm 142 such that an
external pressure change effects movement of the dia-
phragm which in turn causes a change in strain of the
respective Bragg grating 130, 134 or 138. The change
in strain causes a change of an optical property of the
Bragg gratings 130, 134 or 138, such as a change of an
optical path length, which influences optical responses
of the Bragg gratings 130, 134 and 138.

[0021] The Bragg gratings 132, 136 and 140 are posi-
tioned sothata change in external pressure willnot cause
a change in optical response of the Bragg gratings and
these Bragg gratings are provided in order to detect local
changes in strain that are a result of local changes in
temperature. Detected changes in strain of the Bragg
gratings 132, 136 and 140 may be used to correct de-
tected changes in strain of the Bragg gratings 130, 134
and 138 for a direct impact of a temperature change on
the strain and for an indirect impact by a temperature
induced change in elasticity of the diaphragm (using an
empirically determined factor that characterises the
change in elasticity of the diaphragm as a function of
temperature in first order).

[0022] In this example the device 106 is arranged so
that each optical fibre comprises Bragg gratings that are
exposed to forces resulting from changes in external
pressures and Bragg gratings that only experience a
change in strain in response to a change in temperature.
For example, the optical fibre 120 comprises the Bragg
grating 134 that is exposed to external forces and the
Bragg gratings 132 and 140 that are not exposed to ex-
ternal forces. In this embodiment the analyser 108 is ar-
ranged so that the responses of the Bragg gratings 130,
134 and 138 are compared with those of the Bragg grat-
ings 132, 136 and 140, respectively.

[0023] In this embodiment the optical fibres 120 and
122 are bent so that the optical fibres pass over one an-
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other and the rigid members 124 are positioned between
locations at which the optical fibres 120 and 122 pass
over one another. Because of this particular arrangement
ofthe optical fibres 120 and 122, the mechanical flexibility
of the device 106 at the locations at which the optical
fibres pass over one another is significantly increased
compared to the case of a device comprising two straight
and parallel optical fibres. In variations of the described
embodiment the optical fibres may not necessarily pass
over one another, but may be bent so that a distance
between the optical fibres has minima. Further variations
will be described below with reference to Figure 3.
[0024] The rigid members 124 are formed from a rigid
material, such as silicon, a plastics or metallic material
(for example stainless steel, invar, tungsten, or kovar),
or any other suitable rigid material. In this embodiment
the device 106 comprises six Bragg gratings. In alterna-
tive embodiments the device 106 may comprise at least
four Bragg gratings at any fixed or variable pitch.
Further it is to be appreciated by a skilled person that
each optical fibre 120 and 122 may only comprise one
Bragg grating. In addition, the device 106 may only com-
prise one rigid member and the Bragg gratings of the
optical fibres 120 and 122 may both be attached to that
rigid member. The device 106 may also comprise more
than two optical fibres with Bragg gratings.

In this embodiment the Bragg gratings 130, 134 138 and
132, 136, 140 have a slightly different refractive index
variation so that each Bragg grating has an optical re-
sponse that has a slightly different spectral response.
[0025] As in this embodiment each Bragg grating 130,
134 and 138 causes a different response, it is possible
to associate a particular response with a position along
the device 106. Consequently, it is possible to perform
distributed pressure measurements and detect relative
pressure difference between the positions of the Bragg
gratings 130, 134 and 138. The combined response from
the Bragg gratings is wavelength division multiplexed and
the optical analyser 108 uses known wavelength division
demultiplexing techniques to identify the responses from
the respective grating positions. Suitable software rou-
tines are used to determine a pressure or pressure dis-
tribution from the optical responses received from the
Bragg gratings. Pressure measurements typically in-
clude calibrating the device.

[0026] In a variation of this embodiment at least some
of the Bragg gratings may be identical and consequently,
if the strain conditions are the same, their optical re-
sponse will also be the same. In this case a pulsed light
source may be used to guide light to the Bragg gratings
and the positions of the Bragg gratings may be estimated
from a time at which the responses are received by the
optical analyser 108. Alternatively, a frequency compo-
nent dependent on the location of each grating may be
used to first identify the position of the grating or sensor
being interrogated.

[0027] The rigid members 124 together with the dia-
phragms 142 may each define a closed interior space in
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which for example two of the Bragg gratings may be lo-
cated. Alternatively, the rigid members 124 may com-
prise openings so that the internal spaces of the rigid
members are in fluidal communication with each other.
[0028] Referring to Figure 3, further variations of a de-
vice for pressure sensing in accordance with embodi-
ments of the present invention are now described. Figure
3 (a) to (c) shows pairs of optical fibres with Bragg grat-
ings and which may replace the optical fibres 120 and
122 shown in Figure 2.

[0029] Figure 3 (a) shows optical fibres 150 and 152
which are arranged in the same manner as the optical
fibres 120 and 122 shown in Figure 2. Figure 3 (b) shows
another variation in which optical fibres 154 and 156 pass
over one another at two locations between the locations
of the Bragg gratings. Figure 3 (c) shows a further vari-
ation in which optical fibres 158 and 160 do not pass over
one another, but are arranged so that the distance rela-
tive to each other has a minimum between the locations
of the Bragg gratings. Figure 3 (b) and (c) shows exam-
ples in which one of the optical fibres only comprises
Bragg gratings that are exposed to external forces
caused by changes in external pressures and the other
one of the optical fibres only comprises Bragg gratings
that are arranged to monitor a change in temperature.
[0030] A person skilled in the art will appreciate that
also combinations of the shown variations are within the
scope of embodiment of the present invention. For ex-
ample, the optical fibres may pass over one another at
any number of locations and may also be arranged so
that at other locations the distance between the optical
fibres is reduced without passing over of the optical fibres
at these other locations.

[0031] Figure 3 (d) shows another variation of a device
for pressure measurement in accordance with an em-
bodiment of the present invention. In this example the
device comprises an optical fibre portion 170 that is cou-
pled to optical fibre portions 172 and 174 via an optical
y-coupler. The optical fibre portions 172 and 174 com-
prise Bragg gratings and are coupled to optical fibre por-
tion 176 via a further optical y-coupler. Further, the device
comprises optical fibre portions 178 and 180 with Bragg
gratings and which re coupled to the optical fibre portion
176 and 182 via additional optical y-couplers. In this em-
bodiment the device has regions that comprise single
optical fibre portions (optical fibre portions 170, 176 and
182), and consequently has a relatively large flexibility
at these regions.

[0032] The Bragg gratings of the optical fibre portions
172,174,178 and 180 may be located in two rigid mem-
bers, such as rigid members 124 with diaphragms 142
shown in Figure 2, so that Bragg gratings of the optical
fibre portions 172 and 178 are exposed to forces resulting
from changes in external pressures and the Bragg grat-
ings of the optical fibre portions 174 and 180 are only
exposed to changes in strain resulting from temperature
changes.

[0033] Although the invention has been described with
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reference to particular examples, it will be appreciated
by those skilled in the art that the invention may be em-
bodied in many other forms.

Claims
1. An optical device (106) comprising:

afirstoptical fibre portion (120) having a plurality
of first sensing regions that are separated by
further regions;

afirstBragg grating (130, 134, 138)incorporated
in each first sensing region;

a second optical fibre portion (122) having a plu-
rality of second sensing regions that are sepa-
rated by further regions;

a second Bragg grating (132, 136, 140) incor-
porated in each second sensing region;

at least one member (124) to.which the first and
second optical fibre portions (120, 122) are at-
tached at the first and second sensing regions;
and

moveable wall portions (142) coupled to respec-
tive first Bragg gratings (130, 134, 138) so that
amovement of the moveable wall portions (142)
causes a force that effects a change in strain of
the respective first Bragg gratings (130, 134,
138) and thereby effects a change in an optical
period of the respective firstBragg gratings (130,
134, 138) whereby the optical device (106) is
arranged for pressure sensing; characterised
in that

respective first and second sensing regions are
positioned at opposite sides of an area defined
between the first and second sensing regions
and wherein at adjacent further regions the first
and second optical fibre portions are spaced
apart from each other by a distance that is small-
er than that at the respective first and second
sensing regions.

2. The optical device (106) of claim 1 wherein the first
optical fibre portion (120) is attached to the at least
one member (124) at attachment regions between
which the first sensing regions are defined.

3. The optical device (106) of claim 1 or 2 wherein the
second optical fibre portion (122) is attached to the
at least one member (124) at attachment regions
between which the second sensing regions are de-
fined.

4. Theoptical device of any one of the preceding claims
wherein the at least one member (124) is a rigid

member.

5. The optical device (106) of any one of the preceding
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claims wherein the first and the second sensing re-
gions are arranged for sensing the same properties.

The optical device (106) of any one of claims 1 to 4
wherein the first and the second properties are dif-
ferent properties.

The optical device (106) of any one of the preceding
claims comprising a region in which the distance be-
tween the firstand second optical fibre portions (120,
122) is decreasing until the optical fibre portions
cross each other.

Patentanspriiche

Optische Vorrichtung (106), die Folgendes umfasst:

einen ersten Lichtwellenleiterabschnitt (120),
der eine Vielzahl erster Abflhlbereiche auf-
weist, die durch weitere Bereiche getrennt sind;
ein in jedem ersten Abflhlbereich integriertes
erstes Bragg-Gitter (130, 134, 138);

einen zweiten Lichtwellenleiterabschnitt (122),
der eine Vielzahl zweiter Abflhlbereiche auf-
weist, die durch weitere Bereiche getrennt sind;
ein in jedem zweiten Abflhlbereich integriertes
zweites Bragg-Gitter (132, 136, 140);
mindestens ein Element (124), an dem der erste
und der zweite Lichtwellenleiterabschnitt (120,
122) an dem ersten und dem zweiten Abflihlbe-
reich befestigt sind; und

bewegliche Wandabschnitte (142), die an jewei-
lige erste Bragg-Gitter (130, 134, 138) gekoppelt
sind, sodass eine Bewegung der beweglichen
Wandabschnitte (142) eine Kraft verursacht, die
eine Anderung der Dehnung der jeweiligen ers-
ten Bragg-Gitter (130, 134, 138) bewirkt und da-
durch eine Anderung einer optischen Periode
der jeweiligen ersten Bragg-Gitter (130, 134,
138) bewirkt, wodurch die optische Vorrichtung
(106) zum Abfiihren von Druck angeordnet ist;
dadurch gekennzeichnet, dass

ein jeweiliger erster und zweiter Abfiihlbereich
auf gegenilberliegenden Seiten eines zwischen
dem ersten und dem zweiten Abflhlbereich de-
finierten Gebiets positioniert sind und wobei an
benachbarten weiteren Bereichen der erste und
der zweite Lichtwellenleiterabschnitt um einen
Abstand voneinander beabstandet sind, der
kleinerist als derjenige an dem jeweiligen ersten
und zweiten Abfihlbereich.

2. Optische Vorrichtung (106) nach Anspruch 1, wobei

der erste Lichtwellenleiterabschnitt (120) an Befes-
tigungsgebieten, zwischen denen die ersten Abfihl-
bereiche definiert sind, an dem mindestens einen
Element (124) befestigt ist.
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3. Optische Vorrichtung (106) nach Anspruch 1 oder
2, wobei der zweite Lichtwellenleiterabschnitt (122)
an Befestigungsgebieten, zwischen denen die zwei-
ten Abflihlbereiche definiert sind, an dem mindes-
tens einen Element (124) befestigt ist.

4. Optische Vorrichtung nach einem der vorangehen-
den Anspriiche, wobei es sich bei dem mindestens
einen Element (124) um ein starres Element handelt.

5. Optische Vorrichtung (106) nach einem der voran-
gehenden Anspriiche, wobei die ersten und die zwei-
ten Abfiihlbereiche zum Abfiihlen derselben Eigen-
schaften angeordnet sind.

6. Optische Vorrichtung (106) nach einem der Anspri-
che 1 bis 4, wobei es sich bei der ersten und der
zweiten Eigenschaft um unterschiedliche Eigen-
schaften handelt.

7. Optische Vorrichtung (106) nach einem der voran-
gehenden Anspriiche, umfassend einen Bereich, in
dem der Abstand zwischen dem ersten und dem
zweiten Lichtwellenleiterabschnitt (120, 122) ab-
nimmt, bis die Lichtwellenleiterabschnitte einander
kreuzen.

Revendications
1. Dispositif optique (106) comprenant :

une premiére partie de fibre optique (120) com-
portant une pluralité de premieres régions de
détection qui sont séparées par dautres
régions ;

un premier réseau de Bragg (130, 134, 138) in-
corporé dans chaque premiére région de
détection ;

une seconde partie de fibre optique (122) com-
portantune pluralité de secondes régions de dé-
tection qui sont séparées par d’autres régions ;
un second réseau de Bragg (132, 136, 140) in-
corporé dans chaque seconde région de
détection ;

au moins un élément (124) auquel les premiere
et seconde parties de fibre optique (120, 122)
sont attachées au niveau des premieres et se-
condes régions de détection ; et

des parties de paroi mobile (142) couplées a
des premiers réseaux de Bragg respectifs (130,
134, 138) de telle sorte qu'un mouvement des
parties de paroi mobile (142) entraine une force
qui met en oeuvre un changement de contrainte
des premiers réseaux de Bragg respectifs (130,
134, 138) et de ce fait met en oeuvre un chan-
gement de période optique des premiers ré-
seaux de Bragg respectifs (130, 134, 138),
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moyennant quoi le dispositif optique (106) est
agenceé pour une détection de pression ; carac-
térisé en ce que

des premiéres et secondes régions de détection
respectives sont positionnées au niveau de c6-
tés opposés d’'une zone définie entre les pre-
miéres et secondes régions de détection et dans
lequel au niveau d’autres régions adjacentes les
premiére et seconde parties de fibre optique
sont espacées 'une de l'autre par une distance
qui est inférieure a celle au niveau des premié-
res et secondes régions de détection respecti-
ves.

Dispositif optique (106) selon la revendication 1,
dans lequel la premiére partie de fibre optique (120)
estattachée al’au moins un élément (124) au niveau
de régions d’attache entre lesquelles les premiéres
régions de détection sont définies.

Dispositif optique (106) selon la revendication 1 ou
2, dans lequel la seconde partie de fibre optique
(122) est attachée a I'au moins un élément (124) au
niveau de régions d’attache entre lesquelles les se-
condes régions de détection sont définies.

Dispositif optique selon I'une quelconque des reven-
dications précédentes, danslequel'au moins un élé-
ment (124) est un élément rigide.

Dispositif optique (106) selon I'une quelconque des
revendications précédentes, dans lequel les premiée-
res et les secondes régions de détection sont agen-
cées pour détecter les mémes propriétés.

Dispositif optique (106) selon I'une quelconque des
revendications 1 a 4, dans lequel les premiéres et
les seconds propriétés sont des propriétés différen-
tes.

Dispositif optique (106) selon I'une quelconque des
revendications précédentes, comprenant une région
dans laquelle la distance entre les premiére et se-
conde parties de fibre optique (120, 122) diminue
jusqu’a ce que les parties de fibre optique se croi-
sent.
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