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Description
FIELD OF THE INVENTION

[0001] Theinvention relates to an apparatus for apply-
ing energy to an object. The invention relates further to
a combination element for use in the apparatus for ap-
plying energy to an object. The invention relates further
to a method and a computer program for applying energy
to a technical object. Methods related to treatments of a
living human or animal tissue do not form part of the
present invention.

BACKGROUND OF THE INVENTION

[0002] A system for applying high-frequency energy
provided with thermo-elements or temperature sensors
is disclosed in DE 19 734 506 A1.

[0003] Anapparatus and a method for applying energy
to an object are, for example, used in the field of inter-
ventional treatment of atrial fibrillation. During this treat-
ment radio frequency, light or ultrasound energy is ap-
plied to the cardiac tissue using a catheter, wherein due
to the absorption of the energy in the tissue the myocar-
dium is heated up and the generated thermal energy de-
naturizes cardiac tissue.

[0004] Different catheters have to be placed in the
heart chambers at the same time. These catheters are
steered and navigated to the heart chambers by either
built-in guiding means or by the use of guide wires to
guide the catheter passively into the heart. The different
catheters are energy application catheters for applying
energy for tissue ablation and temperature sensing cath-
eters for sensing the temperature of the heart chamber
during the application of energy.

[0005] The use of this amount of catheters requires a
lot of space and is difficult to handle.

SUMMARY OF THE INVENTION

[0006] Itis therefore an object of the present invention
to provide an apparatus, a method and a computer pro-
gram for applying energy to an object, wherein the space
needed for the energy application and the temperature
sensing is reduced and wherein the handling is facilitat-
ed. Itis a further object of the present invention to provide
a corresponding combination element for use in the ap-
paratus for applying energy to an object.

[0007] Theinventionisdefinedinthe appended claims.
In a first aspect of the present invention, an apparatus
for applying energy to an object is presented, wherein
the apparatus comprises:

- an energy emitting element for applying energy to
the object,

- a temperature sensor for sensing the temperature
of the object,

- atube, in which the energy emitting element and the
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temperature sensor are locatable, for guiding the en-
ergy emitting element and the temperature sensor
to a location of the object, at which the energy is to
be applied, wherein the temperature sensor is a ther-
mocouple comprising at least a first metal element
and a second metal element, which comprise differ-
ent types of metal and which are contacted to each
other, wherein the energy emitting element compris-
es an optical fibre, and wherein the first metal ele-
ment and the second metal element are metal coat-
ings on the optical fibre.

[0008] The invention is based on the idea that, since
the energy emitting element and the temperature sensor
are locatable within the tube, they can together be guided
to the location of the object, at which the energy is to be
applied. It is not necessary to have one tube containing
the energy emitting element for guiding the energy emit-
ting element and another tube containing the tempera-
ture sensor for guiding the temperature sensor. Since
only one tube is needed for the application of energy and
the temperature sensing, the space needed for the ap-
plication of energy and the temperature sensing is re-
duced. Furthermore, since only one tube has to be guid-
ed, the handling of energy application and temperature
sensing is facilitated. The energy emitting element and
the temperature sensor can be guided to the location of
the object, at which the energy is to be applied, within
the tube, and, if this location has been reached, the en-
ergy emitting element and the temperature sensor can
leave the tube for applying energy to the object and for
sensing the temperature of the object.

[0009] The apparatus preferentially further comprises
guiding means for steering and/or navigating the tube
containing the energy emitting element and the temper-
ature sensor to the location, at which the energy has to
be applied, in particular within aninner space of an object,
like a heart chamber.

[0010] The tube is preferentially a catheter, i.e., if the
apparatus is used for an ablation procedure within a heart
chamber, only one catheter is needed for ablation and
temperature sensing. The tube can comprise several lu-
mina, in which at least the energy emitting element and
the temperature sensor are located.

[0011] The energy emitting elements can comprise
wires and an electrical energy source connected to the
wires for applying electrical energy, or optical fibers and
an optical energy source like a laser device connected
to the optical fibers for applying optical energy.

[0012] Preferentially, the apparatus comprises a mul-
tiple of energy emitting elements for applying energy to
the object at different locations and a multiple of temper-
ature sensors for sensing the temperature at the different
locations. This allows an application of energy at different
locations, in particular simultaneously, and sensing tem-
perature at these locations, in particular simultaneously
with the application of energy.

[0013] It is further preferred that the apparatus com-
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prises:

- a multiple of energy emitting elements for applying
energy to the object at different locations,

- a multiple of temperature sensors for sensing the
temperature at the different locations,

wherein the energy emitting elements of the multiple of
energy emitting elements are individually controllable,
wherein the temperature sensors of the multiple of tem-
perature sensors sense the temperature at the different
locations independently from each other, and wherein
each temperature sensor of the multiple of temperature
sensors is assigned to an energy emitting element of the
multiple of energy emitting elements such that for each
location, at which energy is to be applied by an energy
emitting element of the multiple of energy emitting ele-
ments, the temperature is independently sensable, i.e.
measurable.

[0014] This allows measuring the temperature of dif-
ferent locations of the object to which energy is applied,
in particular simultaneously with the application of ener-
gy, and, thus, the application of energy can be controlled
by measuring the temperature at the different locations.
Preferentially, the apparatus further comprises a control
unit for controlling the application of energy at the differ-
ent locations in dependence on the sensed temperature
at the different locations, preferentially such that the tem-
perature at the different locations does not exceed a pre-
determined threshold.

[0015] In addition to the multiple of energy emitting el-
ements and the multiple of temperature sensors, the ap-
paratus can comprise further energy emitting elements
and/or temperature sensors, which are not adapted such
that each temperature sensor is assigned to an energy
emitting element, i.e., for example, one temperature sen-
sor can also measure the temperature at an intermediate
location, which is located between at least two locations
at which energy is to be applied.

[0016] It is further preferred that the energy emitting
elements are adapted for an ablation procedure applied
to tissue of the object, in particular applied to tissue of a
human heart.

[0017] Itisalso preferred that the apparatus comprises
a multiple of combination elements, wherein each com-
bination element comprises a multiple of energy emitting
elements, a multiple of temperature sensors and a hold-
ing element, wherein the energy emitting elements of the
multiple of energy emitting elements are wound around
the holding element. Since the energy emitting elements
are wound around the holding element, the energy emit-
ting elements are arranged close together in a longitudi-
nal direction with respect to the holding element, i.e. with
respect to the helix formed by the wound energy emitting
elements, leading to a reduced distance between loca-
tions at which energy can be applied, in particular simul-
taneously.

[0018] The holding element is preferentially a wire. It
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is also preferred that the holding element has a memory-
shape effect such that it has a predetermined shape if it
is notin a forced shape, for example, because the holding
element is inside the tube, which keeps the holding ele-
ment in a certain shape, for example, in a linear shape.
This allows guiding the energy emitting elements to the
locations at which energy is to be applied, while the com-
bination elements are in a linear shape within the tube,
wherein the holding element can give the combination
elements a predetermined shape for the application of
energy, after the combination element has left the tube
at the locations at which energy is to be applied. The
holding element is preferentially a memory metal alloy
wire, in particular a nitinol wire.

[0019] Itis also preferred that the multiple of combina-
tion elements form an arrangement, in particular a basket
structure, which is changeable between a folded condi-
tion, in which the multiple of combination elements are
parallel to each other, and an unfolded condition, in which
the multiple of combination elements are not parallel to
each other, in particular, in which they need more space
than in the folded condition and in which the energy emit-
ting elements and the temperature sensors are located
on a surface of a volume, in particular a spherical or el-
liptical volume, defined by the combination elements.
This allows guiding the combination elements to the lo-
cations, at which energy is to be applied, within the tube,
while the combination elements are in the folded condi-
tion, wherein, after the locations at which energy is to be
applied have been reached, the combination elements
can leave the tube and can be transformed into the un-
folded condition. Preferentially, in the unfolded condition
the combination elements are in contact with a surface
of the object for applying energy and sensing the tem-
perature.

[0020] Itis further preferred that the combination ele-
ment comprises a casing in which the multiple of energy
emitting elements, the multiple of temperature sensors
and the holding element are located. The casing is pref-
erentially elastic such that the combination element can
be shaped according to the shape of the holding element,
in particular if the holding element has a memory effect.
The casing is preferentially made of a bio-compatible ma-
terial. It is further preferred that the casing is adapted
such the energy emitting elements are coupled to the
object for applying energy and that the temperature sen-
sors are thermally coupled to the object. If the energy
emitting elements apply, for example, optical energy and
if they comprise opticalfibers, the optical fibers are wound
around the holding element and the casing is at least
partly optically transparent. In particular, the casing com-
prises an optical window which preferentially also allows
passing thermal energy, i.e. which is preferentially ther-
mally conductive. In addition, the cladding and a possible
further coating of the optical fibers are removed at the
locations, at which the optical energy should leave the
combination element, in particular at the window within
the casing. Preferentially micro-lenses for focusing
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and/or steering light can be added to the window. It is
further preferred that the window comprises spreading
particles that preferentially do not absorb light, like TiO,.
It is also preferred that the optically transparent window
is electrically non-conductive in order to not transmit an
electrical signal from the object which could be the heart.
It is further preferred that the window is large enough in
the longitudinal direction for allowing applying energy by
each optical fiber through the optically transparent win-
dow to the object. The window can also comprise at least
two kind of materials, an optically transparent material
and a thermally conductive material, wherein the optically
transparent material is located at locations, at which the
optical energy should leave the casing, and wherein the
thermally conductive material is located at locations at
which the temperature sensors are located.

[0021] The at least one of the temperature sensors is
a thermocouple comprising at least a first metal element
and a second metal element, which comprise different
types of metal and which are contacted to each other.
The metal elements are metallic coatings. By using such
athermocouple the temperature at the contacts between
the first and second metal element can easily be meas-
ured by measuring the voltage between the first and sec-
ond metal elements. At locations not being the contact
location the firstand second metal elements are insulated
from each other by insulation means like insulation lay-
ers.

[0022] The energy emitting element comprises an op-
tical fiber and the first metal element and the second met-
al element are a metal coating on the optical fiber. This
allows a larger degree of integration of the temperature
sensor and the energy emitting element.

[0023] The firstand second metal elements are wound
around the holding element together with the energy
emitting elements. This further integrates the tempera-
ture sensors and energy emitting elements leading to a
reduction of space needed for the energy emitting ele-
ments and the temperature sensors and a reduction of
the distance between the energy emitting elements and
the temperature sensors, wherein the temperature at a
location at which energy is to be applied can be deter-
mined with an improved accuracy.

[0024] The holding element is preferentially metallic,
wherein the holding element is preferentially one of the
first and second metal elements. Since the holding ele-
ment has preferentially two functions, holding of ele-
ments and being part of a temperature sensor, the degree
of integration is further improved. The holding element
can be metallic, for example, because it is a metallic wire
and/or because it comprises a metallic coating, wherein
the metallic coating preferentially serves as at least one
of the first and second metal elements.

[0025] The coating forming the first metal element and
the coating forming the second element are preferentially
in contactatone location at which the temperature should
be measured and are separated from each other by an
insulating layer at other locations. In a further preferred
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embodiment, several thermocouples have identical first
metal elements or second metal elements. This further
increases the degree of integration.

[0026] In a further aspect of the present invention, a
combination element for use in the apparatus as defined
in claim 1 is presented, wherein the combination element
comprises a multiple of energy emitting elements and a
multiple of temperature sensors, and wherein the energy
emitting elements of the multiple of energy emitting ele-
ments are wound around a holding element, wherein the
temperature sensor is a thermocouple comprising at
least a first metal element and a second metal element,
which comprise different types of metal and which are
contacted to each other, wherein the energy emitting el-
ement comprises an optical fibre, and wherein the first
metal element and the second metal element are metal
coatings on the optical fibre.

[0027] In a further aspect of the present invention, a
method for applying energy to a technical object is pre-
sented, wherein the method comprises following steps:

- guiding the energy emitting element and the temper-
ature sensor to a location of the technical object at
which the energy is to be applied by using a tube in
which the energy emitting element and the temper-
ature sensor are located and a guiding means for
steering and/or navigating the tube, wherein the tem-
perature sensor is a thermocouple comprising at
least a first metal element and a second metal ele-
ment, which comprise different types of metal and
which are contacted to each other, wherein the en-
ergy emitting element comprises an optical fibre, and
wherein the first metal element and the second metal
element are metal coatings on the optical fibre,

- applying energy to the technical object using the en-
ergy emitting element, and

- sensing the temperature of the object using the tem-
perature sensor.

[0028] In a further aspect of the present invention, a
computer program for applying energy to the object is
presented, wherein the computer program comprises
program code means for causing a computer to carry out
the steps of the method as defined in claim 6, when the
computer program is run on a computer controlling the
apparatus as defined in claim 1.

[0029] It shall be understood that the apparatus of
claim 1, the combination element of claim 5, the method
of claim 6 and the computer program of claim 7 have
similar and/or identical preferred embodiments, in par-
ticular as defined in the dependent claims.

[0030] It shall be understood that preferred embodi-
ments of the invention can also be any combination of
the dependent claims with the respective independent
claim.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0031] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiments described hereinafter. In the following draw-
ings,

Fig. 1 shows schematically and exemplarily an em-
bodiment of an apparatus for applying energy to an
object in accordance with the invention,

Fig. 2 shows schematically and exemplarily an ar-
rangement of energy emitting elements and temper-
ature sensors in an unfolded condition,

Fig. 3 shows schematically and exemplarily the ar-
rangement of energy emitting elements and temper-
ature sensors in a folded condition,

Fig. 4 shows schematically and exemplarily a com-
bination element,

Fig. 5 shows schematically and exemplarily a sec-
tional view through a combination element,

Fig. 6 shows schematically and exemplarily a con-
struction of temperature sensors,

Figs. 7 to 10 show schematically and exemplarily
further combination elements,

Fig. 11 shows schematically and exemplarily the ar-
rangement of energy emitting elements and temper-
ature sensors in contact with a surface of an object,
Fig. 12 shows schematically and exemplarily a mod-
el of an abutting surface of the arrangement of en-
ergy emitting elements and temperature sensors lo-
cated on a three-dimensional model of the object,
Fig. 13 shows schematically and exemplarily a con-
trol unit of the apparatus for applying energy to an
object and

Fig. 14 shows a flow chart illustrating a method for
applying energy to an object in accordance with the
invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0032] Fig. 1 shows an apparatus 1 forapplying energy
to an object. The apparatus 1 comprises a tube, in this
embodiment a catheter 6, and an arrangement 7 of en-
ergy emitting elements and temperature sensors. The
arrangement 7 of energy emitting elements and temper-
ature sensors is connected to a control unit 5 via the
catheter 6. The catheter 6 with the arrangement 7 of en-
ergy emitting elements can be introduced into an object
2, which is, in this embodiment, a heart of a patient 3
located on a patient table 4, wherein the catheter 6 is
steered and navigated to the heart chambers by built-in
guiding means (not shown). In another embodiment, the
catheter can, for example, be steered and navigated by
the use of an introducer to guide the catheter passively
into the heart.

[0033] During introduction of the arrangement 7 and
the catheter 6 into the object 2, an imaging device 12,
which is in this embodiment a fluoroscopy device, gen-
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erates images of the object 2 and the arrangement 7.
This imaging device 12 preferentially generates images
of the object 2 and the arrangement 7, also if the arrange-
ment 7 is already located within the object 2.

[0034] In other variants, the object can be another hol-
low organ of a patient or a technical object, in particular,
a hollow technical object, whose inner surface has to be
treated with energy.

[0035] The imaging device 12, i.e. in this embodiment
the fluoroscopy device 12, comprises an X-ray source 9
and a detection unit 10, which are controlled by a fluor-
oscopy control unit 11. The fluoroscopy device 12 gen-
erates X-ray projection images of the object 2 and of the
arrangement 7 in a known way. The X-rays of the X-ray
source 9 are schematically indicated by the arrow 35.
[0036] In another embodiment, instead of a fluorosco-
py device, another imaging device can be used for gen-
erating animage comprising the object2 and the arrange-
ment 7. For example, a magnetic resonance imaging de-
vice, an ultrasonic imaging device or a computed tom-
ography imaging device can be used for generating an
image of the object 2 and the arrangement 7.

[0037] An embodiment of the arrangement 7 and the
catheter 6 is schematically shown in more detail in Fig.
2. The arrangement 7 is changeable between an unfold-
ed condition, in which emission locations 19 of the energy
emitting elements and temperature sensing locations 17
of the temperature sensors of the arrangement 7 are lo-
cated on an abutting surface 36 for abutting against a
surface of the object, and a folded condition, in which the
arrangement 7 takes a smaller space, which allows to
introduce the arrangement 7 into the object 2. In Fig. 2,
the arrangement 7 is shown in its unfolded condition. The
arrangement 7 comprises a basket made of several
splines being combination elements 16 comprising emis-
sion locations 19 of the energy emitting elements (indi-
cated by squares) and the temperature sensing locations
17 of the temperature sensors (indicated by triangles).
The distribution of the emission locations 19 of the energy
emitting elements and the temperature sensing locations
17 of the temperature sensors 17 in Fig. 2 is only sche-
matical and exemplary and does not limit the invention
to a certain distribution. Preferentially, a temperature
sensing location 17 of a temperature sensor is assigned
to each emission location 19 of the energy emmiting el-
ements, which is located as close as possible to the cor-
responding emission location 19 of the energy emitting
elements in order to measure the temperature at the lo-
cation at which the energy is applied to the object. In this
embodiment, the arrangement 7 comprises further sens-
ing elements 18 (indicated by circles), for example, for
electrical sensing. In other embodiments, the further
sensing elements 18 can be omitted.

[0038] Preferentially, the emission locations 19 of the
energy emitting elements are evenly distributed along
the combination elements 16 and along the abutting sur-
face 36.

[0039] Inthe unfolded condition, which is shownin Fig.
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2, the combination elements 16 of the arrangement 7
form substantially an ellipsoid or sphere. Thus, in the
unfolded condition, the abutting surface 36 is preferen-
tially a surface of an ellipsoid or sphere. For applying
energy to the object 2, the abutting surface 36 preferen-
tially abuts against a surface of the object 2 such that the
positions of the emission locations 19 of the energy emit-
ting elements, of the temperature sensing locations 17
of the temperature sensors and of possible further sens-
ing elements 18 remain unchanged relative to the surface
of the object 2 during the application of energy to the
object 2 and during sensing the surface of the object 2.
This fixed positions of the emission locations 19 of the
energy emitting elements and of temperature sensing
locations 17 of the temperature sensors and of possible
further sensing elements 18 relative to the object surface
are preferentially achieved by elastics properties of the
combination elements 16 and, therefore, of the arrange-
ment 7. This elasticity of the combination elements 16
results in an elastic force which presses the emission
locations 19 of the energy emitting elements, the tem-
perature sensing locations 17 of the temperature sensors
and possible further sensing elements 18 against the ob-
ject surface. The elasticity of the combination elements
16 also allows conforming of the abutting surface 36 to
the object surfaces and following a motion of the object
2, while the emission locations 19 of the energy emitting
elements and the sensing elements 17, 18 are continu-
ously in contact with the object surface, or, in other em-
bodiments, the distance between the emission locations
19 of the energy emitting elements and the sensing ele-
ments to the object surface remains continuously con-
stant, even if the object 2 moves.

[0040] Thecombinationelements 16 comprise holding
elements, which are preferentially wires made of a mem-
ory alloy. In this embodiment, the holding elements are
made of nitinol. For unfolding the arrangement 7, i.e. for
unfolding of the basket, the memory effect of the nitinol
is used. The nitinol wires are pre-shaped and elastic as
a spring. In the folded condition, which is schematically
shown in Fig. 3 and in which the arrangement 7 takes a
smaller space, the combination elements 16 of the ar-
rangement 7 are located within a catheter shaft 37, in
particular, in a small pipe within the catheter shaft 37.
For unfolding the arrangement 7, i.e. for changing from
the folded condition to the unfolded condition, the com-
bination elements 16 are moved out of the catheter shaft
37, wherein the arrangement 7 forms the abutting surface
36 because of the memory effect of the nitinol wires.
[0041] Fig. 3 is a schematic view only. In order to en-
hance the clarity of the folded condition, the illustration
shows only some combination elements of the arrange-
ment 7 and no emission locations of the energy emitting
elements and temperature sensors, although they are
still present.

[0042] In an embodiment, an emission location 20 of
an energy emitting element is located on the distal part
of the abutting surface 36, i.e. the emission location 20
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of the energy emitting element is located on the tip of the
arrangement 7. This allows applying energy to certain
locations of the object 2, if the combination elements 16
are atleast almost completely located within the catheter
shaft 37, wherein only a small part of the combination
elements 16, i.e. at least only the emission location 20
of the energy emitting element, is located outside of the
catheter shaft 37. Thus, energy can be applied to a cer-
tain location of the object 2, even if the arrangement 7 is
in the folded condition.

[0043] The emission locations 19, 20 of the energy
emitting elements are connected to one or several energy
sources via lines 30 such that at least some of the emis-
sion locations 19, 20 of the energy emitting elements can
apply energy to the object 2 independently from each
other. It is preferred that the emission locations 19, 20 of
the energy emitting elements are connected to one or
several energy sources via the lines 30 such that each
emission location 19, 20 of the energy emitting elements
can be addressed separately, i.e. that each emission lo-
cation 19, 20 of the energy emitting elements can apply
energy to the object independently from a possible ap-
plication of energy caused by the other emission loca-
tions 19, 20 of the energy emitting elements.

[0044] At the emission locations at the optical fibers
30, the cladding and possible further coatings have been
removed such that optical energy can leave the optical
fiber and can be applied to the object. These emission
locations are connected via the lines 30, which are in this
embodiment the optical fibers, to one or several light
sources, which are preferentially lasers. In this embodi-
ment, each emission location 19 is connected to one or
several separate laser devices via the optical fiber 30 to
address each emission location 19 separately. In other
embodiments, in addition or alternatively, the emitting
energy elements can be electrodes for applying electrical
energy.

[0045] The emission locations 19 can be connected to
one or several laser devices such that, after the laser
beams of the laser devices have been divided, for exam-
ple by beam splitters, each emission location is connect-
ed to an individual laser beam wherein the intensity of
each individual laser beam can be modified in order to
address each emission location 19 separately. Alterna-
tively, each emission location 19 can be connected to an
individual laser device such that to each emission loca-
tion 19 one of several laser devices is assigned.

[0046] The optical fibers 30 of the energy emitting el-
ements are wound around the nitinol wire of the corre-
sponding combination element 16.

[0047] Each combination element 16 comprises an
elastic casing made of a bio-compatible material. A part
of a combination element 16 with such an elastic casing
38 is schematically shown in Fig. 4.

[0048] In Fig. 4, several optical fibers 30 are wound
around the holding element 51. In addition, several wires
50 being part of the temperature sensors are wound
around the holding element 51. The wires 50 have pref-
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erentially the same or a similar diameter as the fibers 30.
The optical fibers 30 and the wires 50 wound together
around the holding element 51 are located within the elas-
tic casing 38. The casing 38 comprises a window 39
through which light can leave the casing 38. The window
39 should be long enough to be able to access each fiber
30andwire 51 (each fiber and each wire will preferentially
be accessed only once). In orderto have a thermocouple,
a galvanic contact between each wire 50 and the holding
element 51 being in this embodiment a nitinol wire is
made. In other cases, the nitinol wire can be coated with
an appropriated metal coating, wherein each wire has a
galvanic contact with the metal coating for forming a ther-
mocouple.

[0049] Atthe energy emission locations 19, a cladding
of the optical fibers 30 and possible further coatings of
the optical fibers 30 are removed, in order to allow light
leaving the optical fibers 30. This is schematically and
exemplarily shown in Fig. 5.

[0050] Fig. 5 shows schematically and exemplarily a
sectional view through the combination element 16,
wherein the cladding 62 and possible further coatings, in
particular, an electrically insulating material 60 and a con-
ductive coating 61 are removed, in particular, by grinding
at the window 39 at a location at which light should leave
afiber core 63 of the optical fiber 30 and transmit through
the window 39.

[0051] Thecombination elementcancomprise asingle
window or several windows in the casing, which allow a
transmission of optical and thermal energy and, if also
electrical sensing elements are present within the casing,
of electrical energy. In other cases, the energy emission
locations 19 and the temperature sensing locations 17
and possible further sensing elements 18 are not distrib-
uted over the whole arrangement 7, as schematically and
exemplarily shown in Fig. 2, but only within a part of the
combination elements constituting the arrangement.
[0052] Every contact between a wire 50 and the nitinol
wire 51, or in another example every contact between a
wire 50 and a metal coating on the nitinol wire, forms a
temperature sensing location of a temperature sensor.
The schematic representation of the wires 50 which are
connected to one common mode wire 51, or the coating
of the common mode wire, for forming thermocouples is
shown in Fig. 6. In Fig. 6, three thermocouples are made
by contacting the three wires 50 at the different temper-
ature sensinglocations 52 to the holding element 51 with-
in a combination element 6. In the control unit 5 the volt-
age between a wire 50 and the holding element 51 is
measured for determining the temperature at the tem-
perature sensing location 52. In another example, in-
stead of or in addition to the nitinol wire a nitinol tube can
be used. The nitinol tube can, for example, be used for
pumping a liquid like a saline solution through the lumen
for, for example, irrigation or cooling.

[0053] The window 39 of the casing 38 is preferentially
thermally conductive and optically transparent to light.
The window 39 is preferentially adapted such that it sup-

10

15

20

25

30

35

40

45

50

55

ports light spreading. In other cases, the window can
comprise at least two different materials, one thermally
conductive placed close to the temperature sensing lo-
cations and one optically transparent placed close to the
energy emission locations. The two different materials
can be arranged alternately in the longitudinal direction.
[0054] Fig. 7 shows exemplarily and schematically a
further combination element 116. Similar elementsin Fig.
4 and Fig. 7 are indicated by similar reference signs. The
combination element 116 shown in Fig. 7 differs from the
combination element 16 in the diameter of the wires 150
with respect to the diameter of the optical fibers 30. In
the example shown in Fig. 7, the diameter of the wires
150 is smaller than the diameter of the optical fibers 30.
This allows increasing the number of energy emitting el-
ements and temperature sensors locatable within the
casing 38. A casing is preferentially made by coating a
bundle of energy emitting elements and temperature sen-
sors.

[0055] A nitinol wire has preferentially a diameter
smaller than 200 pm, further preferred smaller than 150
pwm, further preferred smaller than 100 pum and has pref-
erentially adiameter of 50 or 100 wm. The electrical wires
have preferentially a diameter smaller than 100 pm, fur-
ther preferred smaller than 50 um, and have preferen-
tially a diameter of 20 um. The diameter of a single fiber
is preferentially smaller than 300 wm, preferentially 250
pwm, further preferred smaller than 200 wm, preferentially
125 pm, further preferred smaller than 100 wm, prefer-
entially 60 wm. The diameter of a fiber can also be 3 pum,
in particular, when manufactured in a bundle.

[0056] In the above described examples, the wires 50,
150 are a first metal element of a thermocouple and the
holding element 51 or a metal coating on the holding
element 51 serves as a second metal element of a ther-
mocouple. In Fig. 8, a combination element 216 is exem-
plarily and schematically shown, in which two metallic
foils form first and second metal elements of a thermo-
couple. Similar elements in Figs. 4, 7 and 8 are indicated
by similar reference signs.

[0057] Instead of wires 50, 150 two metal foils 254, 255
are wounded around the holding element 51. As every
first and second metal element of a thermocouple used
in this description, the two metal foils 254, 255 are insult-
ed one with respect to another and are connected at a
single point, which forms the temperature sensing loca-
tion. The insulation between the first and second metal
elements is not shown in the figures for clarity reasons.
[0058] By using foils multi track connection/thermo-
couples can be made by lithographic processes. The foil
thickness can be as thin as 25 pm with a 0.5 ... 5 pm
thick metal layer.

[0059] A furtherembodiment of a combination element
316 is schematically and exemplarily shown in Fig. 9.
Again, similarelementsin Figs. 4, 7,8 and 9 are indicated
by similar reference signs.

[0060] The combination element 316 comprises opti-
cal fibers 80 and 82 which comprise a metal coating 42,
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43. At the location of the window 39, a galvanic contact
is made between the metal coating 43 and the holding
element 51 or between the metal coating 43 and a metal
coating onthe holding element51 attemperature sensing
locations 33 for forming a thermocouple. At electrical
sensing locations 70, electrical signals of the object are
received using the metal coatings 42 of the optical fibers
82. An irrigation opening to the tubular holding element
51 is arranged at the irrigation locations 61. The temper-
ature sensing locations 62 are located close to the energy
emission locations at which light leaves the optical fibers.
[0061] Fig. 10 shows schematically and exemplarily a
further combination element 416. The combination ele-
ment 416 comprises several optical fibers 81 coated with
a metal coating 42 as energy applying elements. As a
sensing element or a part of a sensing element, a metallic
foil 41a is added to at least some of the optical fibers 81,
in particular, to each of the optical fibers, wherein the
metal coating 42 is electrically insulated with respect to
the metallic foil 41a. At the temperature sensing locations
62, a galvanic contact is made between the metallic foil
41aand the metal coating 42. The galvanic contacts gen-
erate thermocouples for measuring the temperature. In
another example, a thermocouple is created at the tem-
perature sensing locations by coating each or at least
some of the optical fibers with at least two metal coatings
with an electrical insulation coating layer between them.
At the temperature sensing locations, a galvanic contact
is made between the two metal coating layers for forming
the thermocouple. Furthermore, a metal coating on an
optical fiber or on a holding element can be used for form-
ing an electrical conductor for sensing electrical poten-
tials of the object, in particular, in a human heart. In the
embodiment 416 shown in Fig. 10, irrigation openings 61
are presentin the tubular holding element 51 for irrigating
the location at which the optical energy is applied, in par-
ticular, for irrigation lesion locations.

[0062] Electrical sensing locations, temperature sens-
ing locations and/or irrigation locations are also arranged
in the windows of the combination elements shown in
Figs. 4, 7 and 8 and are not shown for clarity reasons.
[0063] InFigs.4and7to 10, certain numbers of energy
emitting elements and temperature sensors are shown,
butin other examples also other numbers of energy emit-
ting elements and temperature sensors can be provided.
Furthermore, additional sensing elements can be provid-
ed, for example, for electrical sensing, even if they are
not shown in the figures.

[0064] The casing 38 preferentially comprises an op-
tically transparent window 39 which is located at the en-
ergy emission locations for allowing the energy to leave
the casing 38. Alternatively, a completely optically trans-
parent casing can be used.

[0065] The sensing elements are preferentially used
during the application of the energy for monitoring the
temperature and possible further properties of the object,
like the electrical potential.

[0066] Inthe above mentioned embodiments, the tem-
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perature sensors are thermocouples. In other cases, oth-
er temperature sensors can be used. For example, the
temperature can be measured optically.

[0067] Since these temperature measurements do not
interfere with the application of optical energy by the en-
ergy emitting elements, sensing of the object 2 and the
application of energy can be performed simultaneously.
This allows monitoring the properties of the objects, in
particular, of the object surface, while energy is applied
to the object. For example, if energy is applied for per-
forming an ablation procedure, the progress of this pro-
cedure can be monitored during the ablation procedure.
[0068] In another embodiment, a time-multiplex meth-
od can be used, which alternately applies energy and
senses the temperature of the object.

[0069] The sensor elements can also comprise spec-
troscopic sensors for sensing light backscattered and/or
reflected from the object. The backscattered and/or re-
flected lightis transmitted to a spectroscope via an optical
fiber for a spectroscopic examination of the object.
[0070] The sensing elements are individually address-
able. For example, electrical sensors, like electrical po-
tential sensors or temperature sensors, are individually
contacted by wires and optical sensors are individually
contacted via optical fibers. This means, each sensing
location is preferentially contacted via a separate line.
[0071] The combination elements shown in Figures 4
and 7 to 10 are shown such that the left side of the com-
bination elements is open. The left open side is only
shown for illustrating the arrangement of elements within
the optical fiber and within the combination elements,
but, in real, the left sides shown in Figures 4 and 7 to 10
are closed such that preferentially all light energy is re-
flected, and is also coated with an electrical insulating
material. The right hand side shown in Figures 4 and 7
to 10 is preferentially connected, in particular, plugged
in, to an optical device and an electrical device for apply-
ing and/or sensing energy.

[0072] The casing shown in Figures 4 and 7 to 10 can
be a coating. Furthermore, the energy applying elements
and preferentially also sensing elements can be directly
wound around the holding element, preferentially if they
comprise an outer insulating coating or if they are not
electrically conductive, or arranged at a certain distance
distance to the holding element. In the latter case, spac-
ers can be arranged in between, or the casing can com-
prise lumina which are generally separated from each
other and in which the energy application element and
preferred sensing elements are located, and which are
connected to one another where required for forming en-
ergy emission and/or sensing locations.

[0073] Fig. 11 shows schematically an arrangement 7
located within a heart of a patientin an unfolded condition,
in which the abutting surface 36 abuts against the object
surface 40 around an ostium of a pulmonary vein 31, i.e.
in this embodiment a part of the abutting surface 36 abuts
against the object surface 40. Energy emitting elements
can apply energy via the energy emission locations 19,
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in this embodiment light energy, to the object surface 40
independently from each other and, in particular, via en-
ergy emitting elements 19 being in contact with the object
surface 40, in order to denaturize heart tissue around the
ostium or the pulmonary vein 31.

[0074] Fig. 11 shows schematically only two combina-
tion elements of the arrangement 7 without a casing and
without temperature sensors for illustration purposes.
Nevertheless, also in the situation shown in Fig. 11, the
arrangement 7 comprises several combination elements,
wherein each combination element includes several en-
ergy emitting elements and temperature sensors en-
closed within a casing, as described above and, for ex-
ample, schematically shown in Figs. 4 and 7 to 10.
[0075] Inthisembodiment, the apparatus 1forapplying
energy to an object is provided with a three-dimensional
model of the object 2. This three-dimensional model can,
for example, be generated by generating an image of the
object 2 by an imaging device, like a computed tomog-
raphy device, a magnetic resonance imaging device or
a ultrasonic imaging device, by segmenting the object 2
and, for example, rendering of the segmented object 2.
Furthermore, the apparatus 1 for applying energy to an
object is further provided with a model of the abutting
surface 36, which comprises, in this embodiment, the
dimensions and the positions of the energy emitting el-
ements 19, 20 on the abutting surface 36. A three-dimen-
sional model 21 of the object 2 and a model 22 of the
abutting surface 36 are schematically shown in Fig. 12.
[0076] The model 22 of the abutting surface 36 is reg-
istered with the three-dimensional model 21 of the object
by using the image generated by the fluoroscopy device
12. This registration is performed by a registration unit 8
of the apparatus 1.

[0077] Theregistration unit 8 is adapted for registering
the three-dimensional model 21 of the object 2 with re-
spect to the image generated by the imaging device 12,
which is, in this embodiment, a two-dimensional projec-
tionimage. For registering of the three-dimensional mod-
el of the object of the two-dimensional projection image
known 2D-3D-registration methods can be used.
[0078] Furthermore, the registration unit 8 is adapted
for registering the model 22 of the abutting surface 36
with respect to the image generated by the imaging de-
vice 12. Also for this registration, known 2D-3D-registra-
tion methods can be used. Since both models 21, 22
have been registered with respect to the two-dimensional
projectionimage, these two models 21, 22 are registered
with respect to each other.

[0079] Theapparatus 1forapplying energytoan object
further comprises a visualization device, which is, in this
embodiment, a monitor 13, the visualization device is
adapted for showing the three-dimensional model 21 of
the object 2 and the model 22 of the abutting surface 36.
The apparatus 1 for applying energy to an object further
comprises an input device 15, like a mouse or a keyboard
to allow auserto draw a path 23 on the three-dimensional
model 21 of the object, along which energy should be
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applied to the object 2. Based on this path 23 an energy
emitting element determination unit 41 determines ener-
gy emitting elements of the model 22 of the abutting sur-
face 36 which are located on or as close as possible to
this path 23. In Fig. 12 these determined energy emitting
elements 24 are shown with crosses.

[0080] In the example shown in Fig. 12, the three-di-
mensional model 21 is a three-dimensional model of a
heart showing an ostium 25 of a pulmonary vein. The
heart tissue around the ostium 25 should be denaturized.
Therefore, auser has inputted a path 23, which surrounds
the ostium 25 of the pulmonary vein. The energy emitting
elements 24, which are shown with a cross, are located
on or close to the path 23, and during a following ablation
procedure energy will be applied to the object 2 via the
crossed energy emitting elements 24.

[0081] Other paths, along which energy should be ap-
plied to the object, can be provided in accordance with
the invention. For example, for a linear ablation proce-
dure, an open path, which is substantially linear and
which connects two ostia of pulmonary veins, can be
used for applying energy along this path.

[0082] The energy emitting elements 24 are deter-
mined such that energy is applied to the object in a spa-
tially continuous way, i.e. that energy is applied continu-
ously along the respective path without having gaps at
which energy has not been applied. Referring again to
Fig. 1, optionally, the apparatus 1 for applying energy to
an object further comprises a path determination unit 14
which automatically determines the path 23 on the three-
dimensional model 21 of the object. In this case, the path
determination unit 14 receives the three-dimensional
model 21 of the object and/or sensing values of the sens-
ing elements for determining the properties of the object,
and the path determination unit 14 determines a path 23
from the model 21 and/or the determined properties of
the object depending on the desired treatment of the ob-
ject. For example, if the object is a heart and the path
has to encircle the ostium of a pulmonary vein, which can
be determined from the model 21 and/or the sensing val-
ues, for example, from an electrical potential image of
the heartgenerated by using sensing electrodes, the path
is determined such that it encloses, with a given distance
to the edge of the ostium, the ostium of the pulmonary
vein. The given distance can be predetermined by a user
like a physician. The determined path is shown on the
visualization device 13.

[0083] Theinputdevice 15 is adapted such that a user
can modify the path 23 and/or at an additional path on
the three-dimensional model 21 of the object. Further-
more, the input device 15 is adapted for modifying the
determined emitting elements 24, which should apply en-
ergy. Furthermore, the apparatus 1 for applying energy
to an object can be adapted for allowing a user to select
the energy emitting elements 24 which should apply en-
ergy directly with or without showing a path 23.

[0084] Fig. 13 shows schematically the control unit 5
of the apparatus 1 for applying energy to an object. In
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this embodiment, the control unit 5 comprises several
light sources, in particular, laser devices 26,...26y,
wherein the number N of these laser devices corre-
sponds to the number of the separate optical fibers 30
of the energy emitting elements of the arrangement 7.
Each laser device 26, ...26y is coupled to a separate
energy emitting element. The control unit 5 further com-
prises a property determination 27, which receives tem-
perature values from the temperature sensors from the
temperature sensing locations 17. If the apparatus com-
prises further kinds of sensing elements, the property
determination unit 27 can receive further kinds of sensing
values from the additional sensing elements. The prop-
erty determination unit 27 determines from these sensing
values properties of the object 2, at least the temperature,
and, if additionally an electrical sensing is performed, the
electrical potential. These properties are transmitted to
a deviation determination unit 28 which determines
whether the determined properties are within a given
range of operation. If the determined properties are not
within a given range of operation, an alarm signal unit 29
outputs an acoustical or an optical signal indicating that
the determined properties are out of range. Preferentially,
the control unit 5 automatically reduces the intensity of
the energy applied to the object, in particular, stops the
application of energy, if the deviation determination unit
28 determines that at least one determined property of
the object is out of range.

[0085] Although the above described arrangement 7
has been shown in Fig. 11 and in Fig. 12 as covering one
ostium of a pulmonary vein, the ablation surface can also
be dimensioned such that it can cover two ostia of pul-
monary veins.

[0086] In the following, a method for applying energy
to anobject will be described in more detail with reference
to a flowchart shown in Fig. 14.

[0087] In step 101, a three-dimensional model 21 of
the object 2 is provided to the apparatus 1 for applying
energy tothe object. Furthermore, a model 22 of the abut-
ting surface 36 is provided to the apparatus 1 for applying
energy to the object.

[0088] In step 102 the arrangement 7 of energy emit-
ting elements which have been guided into the object 2
is unfolded in order to transfer the arrangement 7 of en-
ergy emitting elements from the folded condition to the
unfolded condition in which the abutting surface 36 abuts
against an inner surface of the object 2, preferentially
such that the position of the energy emitting elements
with respect to the inner object surface remains constant
during the following procedures.

[0089] In step 103, the imaging device 12 generates
an image of the object 2 and of the abutting surface 36,
and this image is transferred to the registration unit 8.
[0090] The three-dimensional model 21 of the object
2 and the model 22 of the abutting surface 36 are regis-
tered relative to each other by using the image of the
image generation device 12.

[0091] The registered models 21, 22 are visualized on
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the visualization device 13, and a path on the three-di-
mensional model 21 of the object 2 can be inputted to
the apparatus 1 for applying energy to an object via the
input device 15. As a default, the path determination unit
14 candetermined a default path, which is also visualized
on the visualization device 13 and which can be modified
by a user using the input device 15.

[0092] Energy emission locations 24 of energy emitting
elements located on the given path or close to the given
path are determined by the energy emitting element de-
termination unit 41 in step 106 in order to map the given
path to the abutting surface 36 as good as possible. The
position of these energy emission locations which should
apply energy to the object can be modified by a user via
the input device 15.

[0093] In step 107, energy is applied to the object by
the energy emitting elements comprising the energy
emission locations which have been determined and pos-
sibly modified by the user in step 106. While applying
energy to the object, the properties of the object are mon-
itored by the temperature sensors and possible further
sensing elements, the property determination unit 27 and
the deviation determination unit 28.

[0094] The application of the energy is stopped in step
108 if the user inputs a corresponding stop signal into
the apparatus 1 for applying energy to an object by the
input device 15, if the property determination unit 27 de-
termines properties of the object, which correspond to
predetermined properties, which indicate the wanted
modification of the object, or if the deviation determina-
tion unit 28 determines that at least one of the properties
of the object are out of range, in particular, if the temper-
ature is out of range, e.g. exceeds are predefined thresh-
old value.

[0095] The described method using the apparatus 1
for applying energy to an object allows positioning the
arrangement 7 of energy emitting elements roughly rel-
ative to the object, because the exact path, along which
energy has to be applied to the object, is not determined
by the positioning of the ablation surface 36, but by the
determination and possibly modification of the energy
emission locations in step 106. Therefore, a time con-
suming positioning of the energy emitting elements can
be omitted.

[0096] The three-dimensional model of the object, in
particular, of a heart can be a purely anatomical model
or an electro-anatomical model using the electrical po-
tentials measured by the sensing electrodes.

[0097] The energy of the energy emitting elements can
be applied concurrently or automatically in time coordi-
nated way. Furthermore, the successful application of
energy, in particular, the successful ablation can be val-
idated by the measuring the temperature of the object.
Since the energy emission locations and the temperature
sensing locations are located close to each other, the
temperature at the locations at which energy is applied
can be monitored with high accuracy.

[0098] If electrical sensing elements are present for
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measuring the electrical potential, an electro-anatomical
mapping of the object can be provided, in particular of
the heart tissue, which can be used for detecting relevant
structures like the ostium of the pulmonary veins. This
electro-anatomical mapping can also be used to deter-
mine a model of the object and to register the model of
the object with a model of the abutting surface of the
arrangement of emitting elements.

[0099] Instep 107, the energy applied to the object can
be controlled such that too high temperatures in the ob-
ject, in particular, in the heart tissue, are avoided. Thus,
if the temperature becomes too high, the control unit 5
reduces preferentially the energy applied to the object.
In the case of heart tissue, a temperature above 80°C is
generally too high.

[0100] Theinvention can be used, for example, for ab-
lation in four chambers of a heart, for an electrical isola-
tion of pulmonary veins and for a substrate modification.
[0101] Thelightsources 26,...26, are preferentially in-
frared laser devices with a wavelength in the range of
960 nm to 1100 nm.

[0102] Furthermore, the position of a structure of inter-
est, for example of the ostium of the pulmonary vein, can
be located by sensing the electrical potentials at the ob-
ject surface by electrical sensing elements. The location
of the structure of interest can be mapped into a geomet-
rical map, and this geometrical information of the location
and the size of the ostium of a pulmonary vein can be
mapped into a three-dimensional model of the object, in
particular, of a heart of a patient. The size and the position
of the ostium will be shown on the three-dimensional
model of the object by the visualization device 13 for al-
lowing a user to input a path along which energy has to
be applied, or allow automatically determining such a
path.

[0103] Although a fluoroscopy device has been de-
scribed above as the imaging device, another imaging
device, for example, a magnetic resonance device or an
ultrasonic imaging device can be used in order to visu-
alize the object and the arrangement of energy emitting
elements particularly in real time.

[0104] Theapparatus 1forapplying energytoan object
can be used, for example, for circumferential ablation,
linear and/or segmental ablation and/or a single point
ablation.

[0105] In particular, a computer program for applying
energy to an object can comprise program code means
for causing a computer to control the application of en-
ergy to the object by the energy emitting element of the
apparatus as definedin claim 1independence on sensed
temperature sensed by the temperature sensor of the
apparatus.

[0106] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing description
such illustration and description are to be considered il-
lustrative or exemplarily and not restrictive. The invention
is not limited to the disclosed embodiments.

[0107] In the claims the word "comprising" does not
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exclude other elements or steps and the indefmite article
"a" or "an"does not exclude a plurality. A single processor
or other unit may fulfill the functions of several items re-
cited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
not indicate that a combination of these measures cannot
be used to advantage.

[0108] A computer program may be stored/distributed
on a suitable medium, such as an optical storage medium
or a solid-state medium supplied together with or as part
of other hardware, but may also be distributed in other
forms, such as via the internet or other wired or wireless
telecommunication systems.

Claims

1. An apparatus for applying energy to an object (2),
the apparatus comprising:

- an energy emitting element (30) for applying
energy to the object (2),

- a temperature sensor for sensing the temper-
ature of the object (2),

- atube (6) in which the energy emitting element
(30) and the temperature sensor are locatable,
for guiding the energy emitting element and the
temperature sensor to a location of the object
(2) at which the energy is to be applied, wherein
the temperature sensor is a thermocouple com-
prising at least a first metal element and a sec-
ond metal element, which comprise different
types of metal and which are contacted to each
other, and wherein the energy emitting element
comprises an optical fibre (30), characterized
in that the first metal element and the second
metal element are metal coatings on the optical
fibre (30).

2. The apparatus as defined in claim 1, the apparatus
comprising:

- a multiple of energy emitting elements (30) for
applying energy to the object (2) at different lo-
cations,

-amultiple oftemperature sensors (17) for sens-
ing the temperature at the different locations,

wherein the energy emitting elements (30) of the
multiple of energy emitting elements are individually
controllable, wherein the temperature sensors of the
multiple of temperature sensors sense the temper-
ature at the different locations independently from
each other, and wherein each temperature sensor
of the multiple of temperature sensors is assigned
to an energy emitting element of the multiple of en-
ergy emitting elements, such that for each location,
atwhich energy is to be applied by an energy emitting



21 EP 2 229 115 B1 22

element of the multiple of energy emitting elements,
the temperature is independently sensable.

The apparatus as defined in claim 1, wherein the
apparatus comprises a multiple of combination ele-
ments (16, 116, 216, 316, 416), wherein each com-
bination element (16, 116, 216, 316, 416) comprises
a multiple of energy emitting elements, a multiple of
temperature sensors and a holding element (51),
wherein the energy emitting elements of the multiple
of energy emitting elements are wound around the
holding element (51).

The apparatus as defined in claim 1, wherein several
thermocouples are provided having identical first
metal elements or having identical second metal el-
ements.

A combination element for use in the apparatus as
defined in claim 1,

wherein the combination element (16, 116, 216, 316,
416) comprises a multiple of energy emitting ele-
ments and a multiple of temperature sensors,
wherein the energy emitting elements of the multiple
of energy emitting elements are wound around a
holding element (51),

wherein the respective temperature sensor is a ther-
mocouple comprising at least a first metal element
and a second metal element, which comprise differ-
ent types of metal and which are contacted to each
other,

wherein the energy emitting element comprises an
optical fibre (30), characterized in that the first met-
al element and the second metal element are metal
coatings on the optical fibre (30).

A method for applying energy to a technical object
(2), the method comprising the following steps:

- guiding an energy emitting element and a tem-
perature sensor to a location of the technical ob-
ject (2) at which the energy is to be applied by
using a tube in which the energy emitting ele-
ment and the temperature sensor are located,
and by using a guiding means for steering and/or
navigating the tube, wherein the temperature
sensor is a thermocouple comprising at least a
first metal element and a second metal element,
which comprise different types of metal and
which are contacted to each other, wherein the
energy emitting element comprises an optical
fibre (30), and wherein the first metal element
and the second metal element are metal coat-
ings on the optical fibre (30),

- applying energy to the technical object (2) us-
ing the energy emitting element, and

- sensing the temperature of the object (2) using
the temperature sensor.
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7. Acomputer program for applying energy to an object
(2), the computer program comprising program code
means for causing a computer to carry out the steps
of the method as defined in claim 6, when the com-
puter program is run on a computer controlling the
apparatus as defined in claim 1.

Patentanspriiche

1. Vorrichtung zum Zufiihren von Energie zu einem Ob-
jekt (2), wobei die Vorrichtung Folgendes umfasst:

- ein Energie abgebendes Element (30) zum Zu-
fuhren von Energie zu dem Objekt (2),
- einen Temperaturfihler zum Messen der Tem-
peratur des Objekts (2),
- einen Schlauch (6), in dem das Energie abge-
bende Element (30) und der Temperaturfiihler
lokalisierbar sind, zum Lenken des Energie ab-
gebenden Elementes und des Temperaturfiih-
lers zu einer Stelle des Objekts (2), an der die
Energie zuzufiihren ist, wobei der Temperatur-
fuhler ein Thermoelement mit mindestens ei-
nem ersten Metallelement und einem zweiten
Metallelement ist, die unterschiedliche Metallar-
ten enthalten und miteinander in Verbindung
stehen, und wobei das Energie abgebende Ele-
ment eine optische Faser (30) umfasst,
dadurch gekennzeichnet, dass das erste Metall-
element und das zweite Metallelement Metallum-
mantelungen der optischen Faser (30) sind.
2. Vorrichtung nach Anspruch 1, wobei die Vorrichtung

Folgendes umfasst:

- eine Vielzahl von Energie abgebenden Ele-
menten (30) zum Zufiihren von Energie zu dem
Objekt (2) an unterschiedlichen Stellen,

- eine Vielzahl von Temperaturfiihlern (17) zum
Messen der Temperatur an unterschiedlichen
Stellen,

wobei die Energie abgebenden Elemente (30) der
Vielzahl Energie abgebender Elemente einzeln
steuerbar sind, wobei die Temperaturfihler der Viel-
zahl von Temperaturfiihlern die Temperatur an den
unterschiedlichen Stellen unabhéngig voneinander
messen und wobei jeder Temperaturfuhler der Viel-
zahl von Temperaturfiihlern einem Energie abge-
benden Element der Vielzahl von Energie abgeben-
den Elemente zugeordnet ist, so dass an jeder Stel-
le, an der von einem Energie abgebenden Element
der Vielzahl von Energie abgebenden Elementen
Energie zuzufiihren ist, die Temperatur unabhangig
messbar ist.
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Vorrichtung nach Anspruch 1, wobei die Vorrichtung
eine Vielzahl von Kombinationselementen (16, 116,
216, 316, 416) umfasst, wobei jedes Kombinations-
element (16, 116, 216, 316, 416) eine Vielzahl von
Energie abgebenden Elementen, eine Vielzahl von
Temperaturfihlern und ein Halteelement (51) um-
fasst, wobei die Energie abgebenden Elemente der
Vielzahl von Energie abgebenden Elementen um
das Halteelement (51) gewikkelt sind.

Vorrichtung nach Anspruch 1, wobei mehrere Ther-
moelemente mit identischen ersten Metallelemen-
ten oder mit identischen zweiten Metallelementen
vorgesehen werden.

Kombinationselement fiir den Einsatz in der Vorrich-
tung nach Anspruch 1,

wobei das Kombinationselement (16, 116, 216, 316,
416) eine Vielzahl von Energie abgebenden Ele-
menten und eine Vielzahl von Temperaturfiihlern
umfasst,

wobei die Energie abgebenden Elemente der Viel-
zahl von Energie abgebenden Elementen um ein
Halteelement (51) gewickelt sind,

wobei der entsprechende Temperaturfiihler ein
Thermoelement ist, das mindestens ein erstes Me-
tallelement und ein zweites Metallelement umfasst,
die unterschiedliche Metallarten enthalten und mit-
einander in Verbindung stehen,

wobei das Energie abgebende Element eine opti-
sche Faser (30) umfasst,

dadurch gekennzeichnet, dass das erste Metall-
element und das zweite Metallelement Metallbe-
schichtungen auf der optischen Faser (30) sind.

Verfahren zum Zufiihren von Energie zu einem tech-
nischen Objekt (2), wobei das Verfahren die folgen-
den Schritte umfasst:

- Lenken eines Energie abgebenden Elements
und eines Temperaturflihlers zu einer Stelle des
technischen Objekts (2), an der die Energie zu-
zufuhren ist, mit Hilfe eines Schlauchs, in dem
das Energie abgebende Element und der Tem-
peraturfihler angeordnet sind, und unter Ver-
wendung von Lenkungsmitteln zum Lenken
und/oder Navigieren des Schlauchs, wobei der
Temperaturfihler ein Thermoelement mit min-
destens einem ersten Metallelement und einem
zweiten Metallelement ist, die unterschiedliche
Metallarten enthalten und miteinander in Ver-
bindung stehen, wobei das Energie abgebende
Element eine optische Faser (30) umfasst und
wobei das erste Metallelement und das zweite
Metallelement Metallbeschichtungen auf der
optischen Faser (30) sind,

- Zufiihren von Energie zu dem technischen Ob-
jekt (2) unter Verwendung des Energie abge-
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2. Appareil

benden Elements und
- Messen der Temperatur des Objekts (2) unter
Verwendung des Temperaturfiihlers.

Computerprogramm zum Zufiihren von Energie zu
einem Objekt (2), wobei das Computerprogramm
Programmcodemittel umfasst, die einen Computer
veranlassen, die Schritte des Verfahrens nach An-
spruch 6 auszufiihren, wenn das Computerpro-
gramm auf einem Computer lauft, der die Vorrich-
tung nach Anspruch 1 steuert.

Revendications

Appareil pour appliquer de I'’énergie sur un objet (2),
I'appareil comprenant :

- un élément d’émission d’énergie (30) pour ap-
pliquer de I'énergie sur I'objet (2),

- un capteur de température pour détecter la
température de I'objet (2),

- un tube (6) dans lequel I'élément d’émission
d’énergie (30) etle capteur de température peu-
vent étre positionnés, pour guider I'élément
d’émission d’énergie et le capteur de tempéra-
ture jusqu’a un emplacement de l'objet (2)
auquel I'énergie doit étre appliquée, dans lequel
le capteur de température est un thermocouple
comprenant au moins un premier élément mé-
tallique et un second élément métallique, qui
comprennent différents types de métal et qui
sont mis en contact I'un avec l'autre, et dans
lequel I'élément d’émission d’énergie comprend
une fibre optique (30), caractérisé en ce que
le premier élément métallique et le second élé-
ment métallique sont des revétements métalli-
ques sur la fibre optique (30).

selon la
comprenant :

revendication 1, [l'appareil

- de multiples éléments d’émission d’énergie
(30) pour appliquer de I'énergie sur I'objet (2) a
différents emplacements,

- de multiples capteurs de température (17) pour
détecter la température aux différents emplace-
ments,

dans lequel les éléments d’émission d’énergie (30)
des multiples éléments d’émission d’énergie peu-
vent étre commandés individuellement, dans lequel
les capteurs de température des multiples capteurs
de température détectent la température aux diffé-
rents emplacements indépendamment les uns des
autres etdans lequel chaque capteur de température
des multiples capteurs de température est attribué
aun élément d’émission d’énergie des multiples élé-
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ments d’émission d’énergie de sorte que, pour cha-
que emplacement, auquel de I'énergie doit étre ap-
pliquée par un élément d’émission d’énergie, des
multiples éléments d’émission d’énergie, la tempé-
rature puisse étre détectée indépendamment.

Appareil selon la revendication 1, dans lequel I'ap-
pareil comprend de multiples éléments d’association
(16, 116, 216, 316, 416), dans lequel chaque élé-
ment d’association (16, 116, 216, 316, 416) com-
prend de multiples éléments d’émission d’énergie,
de multiples capteurs de température et un élément
deretenue (51), danslequelles éléments d’émission
d’énergie des multiples éléments d’émission d’éner-
gie sont enroulés autour de I'élément de retenue
(51).

Appareil selon la revendication 1, dans lequel plu-
sieurs thermocouples sont prévus comportant des
premiers éléments métalliques identiques ou com-
portant des seconds éléments métalliques identi-
ques.

Elément d’association destiné a étre utilisé dans I'ap-
pareil selon la revendication 1,

dans lequel I'élément d’association (16, 116, 216,
316, 416) comprend de multiples éléments d’émis-
sion d’énergie et de multiples capteurs de tempéra-
ture,

dans lequel les éléments d’émission d’énergie des
multiples éléments d’émission d’énergie sont enrou-
Iés autour d’'un élément de retenue (51),

dans lequel le capteur de température respectif est
un thermocouple comprenant au moins un premier
élément métallique etun second élément métallique,
qui comprennent différents types de métal et qui sont
en contact 'un avec l'autre,

dans lequel I'élément d’émission d’énergie com-
prend une fibre optique (30), caractérisé en ce que
le premier élément métallique et le second élément
métallique sont des revétements métalliques sur la
fibre optique (30).

Procédé pour appliquer de I'énergie sur un objet
technique (2), le procédé comprenant les étapes
suivantes :

- guider un élément d’émission d’énergie et un
capteur de température jusqu’'a un emplace-
ment de I'objet technique (2) auquel I'énergie
doit étre appliquée en utilisant un tube dans le-
quel I'élément d’émission d’énergie et le capteur
de température sont positionnés, et en utilisant
un moyen de guidage pour orienter et/ou piloter
le tube, dans lequel le capteur de température
est un thermocouple comprenant au moins un
premier élément métallique et un second élé-
ment métallique, qui comprennent différents ty-
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pes de métal et qui sont en contact I'un avec
I'autre, dans lequel I'élément d’émission d’éner-
gie comprend une fibre optique (30), et dans le-
quel le premier élément métallique et le second
élément métallique sont des revétements mé-
talliques sur la fibre optique (30),

- appliquer de I'énergie sur I'objet technique (2)
en utilisant I'élément d’émission d’énergie, et

- détecter la température de I'objet (2) en utili-
sant le capteur de température.

Programme d’ordinateur pour appliquer de I'énergie
sur un objet (2), le programme d’ordinateur compre-
nant des moyens codes de programme pour entrai-
ner la réalisation, par un ordinateur, des étapes du
procédé selon la revendication 6, lorsque le pro-
gramme d’ordinateur est exécuté sur un ordinateur
commandant I'appareil selon la revendication 1.
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