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APPARATUS FOR DETERMINING A
MOTION RELATION

FIELD OF THE INVENTION

[0001] The invention relates to a method and apparatus for
determining a relation between a motion of a location on a
surface of a body and a motion of an object within the body.

BACKGROUND OF THE INVENTION

[0002] Tmage-guided intervention (IGI) therapy is widely
used in cancer treatment or therapy. The purpose of 1GI
therapy is to kill the pathology occurring in an object in a
patient body, for example, tumor cells. The 1GI therapy is
navigated by images of the object. During IGI therapy,
thermal ablation is usually used repeatedly and in conjunc-
tion with other treatment options. This is done by delivering
some energy to the object in the patient body, for example,
in the form of radio frequency or microwave ablation.

[0003] However, during the whole IGT therapy process,
patient body motion, for example, motion caused by respi-
ratory, may produce inaccuracy on the position where to put
the interventional needle and where thermal ablation is
applied. Indeed, the position of the object in the patient body
may change with the respiratory motion. The position
change of the object in the patient body is not the same as
the position change of the surface of the patient body.
Measuring the corresponding surface motion is not accurate
enough to reflect the object motion in the patient body.

[0004] The publication Int J CARS (2013) 8:1027-1035
discloses a method to build a motion model based on
position information of a human body surface and position
information of an object in the human body. The position
information of the object is obtained by processing acquired
ultrasound images of the object. When using ultrasound
imaging, ultrasound echo is not accurate enough to detect
the object which is in a deep position in the human body.
Ultrasound imaging also has the problem of low resolution.
Therefore, by using this method, the accuracy of building a
relation between a motion of a location on a surface of the
body and a motion of an object within the body is not good.
Similar to publication Int I CARS, WO 2012/066494 A2
discloses an apparatus that generates a motion model based
on external marker characteristics and internal motion. The
internal motion is derived from a sequence of images of the
lesion or target over time t. WO 2006/000789 Al discloses
to correlate the internal tissue movement with the external
body surface movement by tracking external surface move-
ment at a plurality of surface points, simultaneously imaging
internal tissue movement and correlating the external and
internal movement using partial lease squares regression.

OBJECT AND SUMMARY OF THE INVENTION

[0005] Tt is an object of the invention to provide a method
and apparatus which determines a relation between a surface
motion of a body and an object motion of an object within
the body with high accuracy.

[0006] According to a first aspect of the present invention
the object is achieved by an apparatus for determining a
relation between a surface motion of a location on a surface
of a body and an object motion of an object within the body,
the apparatus comprising:
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[0007] a first sensing unit configured to acquire a first
position signal indicative of a position of a first element
placed at the location on the surface of the body with the
surface motion;

[0008] a second sensing unit configured to acquire a
second position signal indicative of a position of a second
element attached to an interventional device and placed on
or in the object, wherein the first position signal and the
second position signal are acquired during a given duration
synchronously; and

[0009] a third unit for calculating the relation between the
surface motion and the object motion based on the first
position signal and the second position signal.

[0010] With this apparatus, the object motion is measured
directly based on the position signal of the second element
attached to the interventional device, e.g., by simply placing
the second element attached to the interventional device on
or in the object within the body More specifically, the second
element is attached to the tip of the interventional device.
When the tip of the interventional device punctures to the
object surface, a modeling stage that builds a surrogate
mode] defining a relation between the body surface motion
and the object motion is triggered. The interventional device
stays in the same place inside the body in the modeling stage
so that the second element moves together with the object
and the movement sensed by the second element is solely
from the internal object motion, e.g., due to respiration
effect. Meanwhile, the position of the first position signal
sensed by the first element placed on the body surface is
captured synchronously with each respiration depth. Such
direct object motion measurement is proposed based on the
discovery of the inventors that although speckle tracking
technology can be used for tracking the object motion from
the ultrasound images, speckle noises and poor image qual-
ity of the ultrasound images limit the accuracy of the object
motion tracking and such inaccuracy is a main cause of
failure of respiration motion compensation. Moreover, the
present invention performs the direct object motion mea-
surement by leveraging the second eclement normally
attached to the interventional device for interventional
device tracking purposes. More specifically, instead of track-
ing the location of the interventional device, the second
element attached to the interventional device is switched to
measure the object motion directly for building the surrogate
model. Upon completion of the surrogate model building,
the second element attached to the interventional device is
switched back to the normal interventional device tracking.
By leveraging the second element normally attached to the
interventional device for additional object motion measure-
ment, no extra hardware and/or software is introduced and
no extra surgery is performed to place the second element on
or in the object. Consequently, a more cost-effective, user-
friendly, and robust apparatus for determining the relation
between the object surface motion and internal object
motion is achieved.

[0011] The first position information and the second posi-
tion information may be accurately acquired by choosing a
proper sensing unit. It improves the accuracy of detecting
position changes of the object within the body caused by
respiratory motion.

[0012] Subsequently, based on the acquired first position
information and second position information, building up
the relation between the body surface motion and the object
motion has high accuracy.
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[0013] An embodiment of the present invention is an
apparatus
[0014] wherein the first sensing unit comprises a first

signal unit adapted to generate first given signals towards a
region of the surface of the body,

[0015] wherein the first element comprises a first receiver
adapted to be placed on the surface and in the region of the
surface, and

[0016] wherein the first sensing unit is adapted to derive
the first position signal on the basis of the first given signals
sensed by the first receiver.

[0017] Putting the first receiver on the surface of the body
is easy to operate and allows detecting the signal indicative
of the position of the surface of the body in high accuracy.
[0018] An embodiment of the present invention is an
apparatus adapted to derive a first position information on
the basis of the first position signal and the first given signals
generated by the first signal unit.

[0019] An embodiment of the present invention is an
apparatus
[0020] wherein the second sensing unit comprises a sec-

ond signal unit adapted to generate second given signals
towards the object,

[0021] wherein the second element comprises a second
receiver adapted to be placed on or in the object, and
[0022] wherein the second sensing unit is adapted to
derive the second position signals on the basis of the second
given signals sensed by the second receiver.

[0023] Putting the second receiver on or in the object
within the body allows detecting the signal indicative of the
position of the object in high accuracy.

[0024] An embodiment of the present invention is an
apparatus adapted to derive a second position information on
the basis of the second position signal and the second given
signals generated by the second signal unit.

[0025] Deriving the second position information allows
obtaining direct position information of the object in the
body.

[0026] An embodiment of the present invention is an
apparatus

[0027] wherein the first signal unit is an electromagnetic
field generator,

[0028] wherein the first receiver is a coil, and

[0029] wherein the apparatus is arranged to measure a

voltage generated in the first receiver.

[0030] Putting the coil on the patient body is easy to
operate for a user and safe for the patient. Generating a
magnetic field is easy to operate for a user and is safe for the
patient when being applied during the whole therapy pro-
cedure.

[0031] An embodiment of the present invention is an
apparatus

[0032] wherein the second signal unit comprises an ultra-
sound probe,

[0033] wherein the second receiver is an ultrasound acous-
tic sensor and

[0034] wherein the apparatus is adapted to identify (i) a

beam detected by the second receiver and (ii) a correspond-
ing time duration for detecting the beam.

[0035] Putting the ultrasound acoustic sensor in the object
within the patient body is safe for the patient. Generating
ultrasound signals is easy to operate for a user and is safe for
the patient when being applied for the whole therapy pro-
cedure. In addition, by using acoustic sensor, the 2D/3D
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position of the acoustic sensor is obtained by processing the
ultrasound imaging beams received by it as the ultrasound
imaging beams sweep the field of view during conventional
imaging pulse-echo acquisition, in which the angular posi-
tion information is derived by processing the angular direc-
tion of the ultrasound beams that hit the acoustic sensor with
highest amplitude, and the range information is derived from
the time-of-flight from emission of these beams to reception
by the acoustic sensor attached to the interventional device.
Since both the acoustic tracking and pulse-echo ultrasound
imaging use the same ultrasound beams, bias-free co-regis-
tration of the position of the acoustic sensor and the ultra-
sound image is achieved by design, without the need of
equipping external tracking system, e.g., external electro-
magnetic field generator for EM-based tracking of EM
sensors. In addition to the competitive tracking accuracy,
acoustic based tracking is more cost-effective and anti-
interference, e.g., anti-electromagnetic interference. An
embodiment of the present invention is an apparatus adapted
to derive first position information of the first receiver based
on the measured voltage and on electromagnetic positioning
calculation.

[0036] Using the given mapping allows deriving the first
position information accurately based on the connection
between the currents generated in the first receiver and
corresponding position information in the region of the first
given signals, i.e., a magnetic field generated by the elec-
tromagnetic unit.

[0037] An embodiment of the present invention is an
apparatus adapted to:

[0038] calculate a distance from the second receiver to the
second signal unit based on the corresponding time duration
and a given velocity, and

[0039] derive second position information of the second
receiver based on the distance and the information of the
beam.

[0040] Using the above apparatus allows deriving the
position information of the second sensor accurately based
on the given velocity of ultrasound signal and signals sensed
by the ultrasound acoustic sensor.

[0041] An embodiment of the present invention is an
apparatus wherein the third unit for calculating is adapted to
calculate the relation between the motion of the location on
the surface of the body and the motion of the object on the
basis of machine learning algorithms comprising non-linear
fitting, neural network, or logic regression.

[0042] Applying machine learning algorithms provides an
automatic approach to calculate the motion relation.
[0043] In another embodiment of the apparatus according
to the present invention, the second element attached to the
interventional device is further configured to track a location
of the interventional device. Furthermore, the apparatus is
configured to switch the operation of the second element
from object motion measurement to interventional device
tracking upon completion of determining the relation
between the surface motion and the object motion. Attaching
the second receiver on the interventional device allows
placing the second receiver on or in the object within the
patient body conveniently when inserting the interventional
device in the object, which improves the patient comfort
since no extra surgery is performed to place the second
receiver on or in the object. Also, by switching the second
element normally attached to the interventional device from
the normal interventional device tracking to additional
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object motion measurement, no extra hardware and/or soft-
ware is introduced to provide a cost-effective solution.
[0044] In another embodiment of the apparatus according
to the present invention, the given duration is chosen to be
at least one respiratory cycle of the body of a living being.
[0045] The information of at least one respiratory cycle
allows obtaining complete motion information within a
respiratory cycle. Therefore, a complete motion relation
within a respiratory cycle may be derived.

[0046] In another embodiment of the apparatus according
to the present invention, the apparatus is adapted to be
connected to a display for displaying at least a given image
of the object and the position information of the second
element based on the second position signal.

[0047] The display allows visualizing at least the image of
the object and the position information of the second ele-
ment on a screen.

[0048] According to a second aspect of the present inven-
tion, a method is provided for determining a relation
between a surface motion of a location on a surface of a body
and an object motion of an object within the body, the
method comprising:

[0049] a first step of acquiring a first position signal
indicative of a position of a first element placed at the
location on the surface of the body with the surface motion;
[0050] a second step of acquiring a second position signal
indicative of a position of a second element attached to an
interventional device and placed on or in the object, wherein
the first position signal and the second position signal are
acquired during a given duration synchronously;

[0051] a third step of calculating the relation between the
surface motion and the object motion based on the first
position signal and the second position signal.

[0052] Detailed explanations and other aspects of the
invention will be given below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0053] Particular aspects of the invention will now be
explained by way of examples with reference to the embodi-
ments described hereinafter and considered in connection
with the accompanying drawings, in which identical parts or
sub-steps are designated in the same manner:

[0054] FIG. 1 depicts a flowchart for determining a motion
relation according to the present invention,

[0055] FIG. 2 illustrates an example of a displacement
model of a body according to the present invention,
[0056] FIG. 3A, 3B illustrate embodiments according to
the present invention,

[0057] FIG. 4 illustrates an embodiment of a first sensing
unit according to this invention,

[0058] FIG. 5 illustrates an embodiment of a second
sensing unit according to the present invention,

[0059] FIG. 6 illustrates an example of receiving ultra-
sound acoustic beams according to the present invention,
[0060] FIG. 7 depicts a schematic diagram of an apparatus
according to the present invention,

[0061] FIG. 8 depicts a schematic diagram of an apparatus
according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0062] IGI therapy is a treatment widely used in cancer
treatment or more generally in medical therapy, for example.
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IGI therapy used in cancer treatment aims to kill tumor cells
in an organ of a patient body by delivering energy to the
position of the tumor navigated by acquired images of the
organ. In the following, the organ in the patient body which
receives the energy is described as “object”. The object of
the patient body may have a movement, for example, during
a therapy for a tumor in the object of a patient body, the
object may have a certain movement caused by respiration
of the patient.

[0063] Before the start of the therapy, an object of a patient
body is scanned with a medical imaging system to acquire
images, for example, CT and MRI, etc. For example, the
scan is done a few hours or minutes before the therapy.
These images are acquired while the patient is asked to hold
his/her breath to avoid body movement caused by the
respiration of the patient.

[0064] During the therapy, the patient lies horizontally, for
example, on a bed. During the therapy, images of the object
are required to be visualized in order to provide adequate
and accurate guidance for a surgeon while surgical instru-
ments are manipulated by the surgeon. For example, an
interventional device is operated by the surgeon to be
inserted into the object and deliver energy to the targeted
tumor position.

[0065] During the therapy, the images being visualized for
guiding the intervention are a combination of acquired
CT/MRI images and the position information of the inter-
ventional device. Based on the visualized images, the sur-
geon knows where the interventional device is and where to
proceed.

[0066] However, during the therapy, the object position
changes due to body movement caused by respiration of the
patient. Because the interventional device is inserted in the
object, the movement of the interventional device reflects
the movement of the object.

[0067] CT/MRI images contain the information of the
object. These CT/MRI images are acquired before the
therapy under the condition of absence of respiratory move-
ment of the patient. The interventional device position
information is acquired during the therapy which varies with
respiratory movement of the patient body. Therefore, at a
certain given moment within a respiratory cycle of the
patient body, the acquired CT/MRI images need to be
visualized together with the position information of the
interventional device. Thus motion compensation for
acquired CT/MRI images is needed.

[0068] The surface position of the patient body also
changes due to body movement caused by respiration of the
patient. The position change of the object in the patient body
is not the same as the position change of the surface of the
patient body. Measuring the corresponding surface motion is
not accurate enough to reflect the object motion in the
patient body. The inventors recognized that the relation
between a motion of the surface of the patient body and of
an organ of the patient body is stable over time. Determining
the relation between a motion of a location on a surface of
the body and a motion of an object within the body helps to
reflect accurate motion of the object for motion compensa-
tion. Based on the relation, the motion of the object within
the body is derived from the motion of the location on a
surface of the body, which may be used in usual motion
compensation.

[0069] Based on a position of the interventional device
and the determined motion relation, an accurate motion
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compensation is applied for CT/MRI images acquired before
the therapy. The motion information is sent to a processor
used for the therapy, for example, an ultrasound processor.
The processor uses this motion information for compensat-
ing the motion of the object in the patient body, resulting in
identifying the CT/MRI images to be visualized at this
certain moment, even if the object has a certain movement.
[0070] According to the invention, a relation between a
motion of a location on a surface of a body BD and a motion
of an object OB within the body BD is determined, as will
be detailed hereinafter.

[0071] The object OB may comprise various types of
objects, of which the position information needs to be
determined. For example, in the field of IGI therapy, the
object OB corresponds to a tissue or organ in the patient
body.

[0072] FIG. 1 depicts a flowchart for determining a motion
relation according to the invention.

[0073] The method comprises a first step of acquiring 101
by means of a first sensing unit SEU1 a first position signal
indicative of a position of a first element placed at the
location on the surface of the body BD.

[0074] The first sensing unit SEU1 may generate signals
and/or sense signal changes in the region of the generated
signals.

[0075] The first element implemented may be chosen from
a plurality of technologies, for example, electromagnetic
field calculation, optical technology, X-ray technology, cam-
era technology and radar technology etc. The embodiment of
the first element is not limited to these mentioned technolo-
gies.

[0076] The method further comprises a second step of
acquiring 102 by means of a second sensing unit SEU2, a
second position signal indicative of a position of a second
element placed on or in the object OB, the first position
signal and the second position signal being acquired during
a given duration synchronously.

[0077] The second sensing unit SEU2 may generate sig-
nals and/or sense signal changes in the region of the gen-
erated signals.

[0078] The second element implemented may be chosen
from a plurality of technologies, for example, electromag-
netic calculation, ultrasound technology, and fiber optic
gyroscope technology etc. The embodiment of the second
element is not limited to these mentioned technologies.
[0079] The method further comprises a third step of cal-
culating 103 the relation between the motion of the location
on the surface of the body and the motion of the object OB
based on the first position signal and the second position
signal.

[0080] The relation reflects a trend between the position
change of the second location on or in the object OB and the
position change of the location on the surface of the body
BD. For a given first position on the surface of the body BD,
the corresponding second location on or in the object OB is
derived based on the relation.

[0081] Advantageously, the motion is respiratory motion
of the body BD of a living being.

[0082] The motion of the body BD may be caused by
various motions. Respiratory motion of the body BD is a
common motion which is a periodic motion.

[0083] FIG. 2 illustrates an example of a displacement
model of a body according to the present invention.
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[0084] The horizontal axis corresponds to the time and the
vertical axis corresponds to the displacement of the body
BD. The displacement model reflects the position of the
body BD varying with respect to time. The displacement
model is a typically periodical curve because the motion is
caused by respiratory motion. One periodical time cycle is
T.

[0085] Advantageously, the given duration is chosen to be
at least one respiratory cycle of the body BD of a living
being.

As an example, experiments show that the given duration
chosen in the range [T; 10T] is realistic.

[0086] Advantageously, the first sensing unit SEU1 com-
prises a first signal unit SU1 generating first given signals
SG1 towards a region of the surface of the body BD, the first
element comprises a first receiver R1 placed on the surface
and in the region of the surface, the first position signals
being derived on the basis of the first given signals SG1
sensed by the first receiver R1.

[0087] FIG. 3A illustrates an embodiment of sensing unit
SEU1 for use in step 101 of the method according to the
present invention.

[0088] In this embodiment the first element is placed on a
location of the surface of the body BD. For example, the
object OB is the liver in the body BD, the first receiver R1
is chosen to be placed on an adjacent location of the surface
above the liver when a patient lies on a bed. The first signal
unit SU1 generates the first given signals SG1 towards the
region of the adjacent location of the surface above the liver,
for example, around the midclavicular line.

[0089] For example, the first signal unit SU1 generates
light beams. The first receiver R1 effects, for example,
reflections of the light beams. These reflections can be
determined by optical sensors, which derive, using usual
position detection technology, position information indicat-
ing the accurate position of the first element.

[0090] Another example is that the first signal unit SU1
generates rontgen radiation beams. The position of the first
element is detected by usual rontgen technologies for detect-
ing position of the first element.

[0091] There are other alternative technologies. For
example, electromagnetic technology is based on sensing
the magnetic field and calculations based on electromagnetic
field distribution.

[0092] The technologies enabling to determine the posi-
tion of the first element are not limited to the above-
mentioned technologies.

[0093] In step 101 a first position information is derived
on the basis of the first position signal and the first given
signals SG1 generated by the first signal unit SUT.

[0094] The first position information indicates the accu-
rate position of the first element.

[0095] FIG. 4 illustrates an embodiment of the first sens-
ing unit SEU1 using a coil for determining the position of
the first element in step 101 of the method according to the
invention.

[0096] The electromagnetic field generator is a continu-
ous, three-dimensional, position-locating device/unit based
on electromagnetic technology. The electromagnetic field
generator generates a magnetic field towards the location of
the surface of the body BD.

[0097] The coil is placed on the surface of the body BD to
indicate a location on the surface of the body BD. The coil
is also in the generated magnetic field. The magnetic field
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created by the electromagnetic field generator induces a
voltage in the coil, which is measured by the connected first
sensing unit SEUT.

[0098] Inthis embodiment, one coil is used for the purpose
of illustration. The alternative embodiments are not limited
to using one coil.

[0099] Advantageously, the first position information of
the first receiver R1 is based on the measured voltage and the
electromagnetic positioning calculation.

[0100] The first sensing unit SEU1 continuously calcu-
lates the position and orientation of the coil. The first
position information of the coil is calculated based on the
measured voltage and the electromagnetic positioning cal-
culation, which depends on the distribution of the magnetic
field generated by the first signal unit SUT.

[0101] Advantageously, the second sensing unit SEU2
comprises a second signal unit SU2 generating second given
signals SG2 towards the object OB, the second element
comprises a second receiver R2 placed within the body BD
on or in the object OB, the second position signals being
derived on the basis of the second given signals SG2 sensed
by the second receiver R2.

[0102] FIG. 3B illustrates an embodiment of the second
sensing unit SEU2 for use in step 102 of the method
according to the invention.

[0103] The second element is placed on or in the object
OB within the body BD. For exaniple, the object OB is the
liver in a body BD, the second element is placed in the liver.
[0104] The second signal unit SU2 generates the second
given signals SG2 towards the region of the object OB
within the body BD.

[0105] The second receiver R2 is placed in the liver and
arranged to receive the second given signals SG2.

[0106] For example, the second signal unit SU2 generates
ultrasound acoustic beams. The second receiver R2 effects,
for example, reception of the ultrasound acoustic beams.
The position of the second element is derived from the
information received by ultrasound acoustic sensors and
usual ultrasound acoustic sensing technologies.

[0107] Another example is that the second signal unit SU2
generates a magnetic field. The second receiver R2 effects,
for example, the introduction of a voltage in the magnetic
field. The induced voltage is determined by a coil, which
derives the accurate position of the second element through
usual electromagnetic calculation.

[0108] Other alternative technology, for example, fiber
optic gyroscope, determines the location of the second
element based on sensing and analyzing the beams within
fiber optic cables.

[0109] The technologies enabling to determine the posi-
tion of the second element are not limited to the above-
mentioned technologies.

[0110] Advantageously, the second step of acquiring 102
further comprises a step of deriving a second position
information on the basis of the second position signal and
the second given signals SG2 generated by the second signal
unit SU2.

[0111] The second position information indicates the accu-
rate position of the second element.

[0112] FIG. 5 illustrates an embodiment of the second
sensing unit SEU2 using an ultrasound acoustic sensor for
determining the position of the second element in step 102
of the method according to the invention.
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[0113] In this embodiment, the second receiver R2 is an
ultrasound acoustic sensor and the second signal unit SU2
comprises an ultrasound probe. As illustrated in FIG. 5, the
ultrasound probe is placed on the surface above the object
OB, for example, above the liver. The ultrasound acoustic
sensor is placed in the object OB within the body BD.
[0114] The operation of the ultrasound acoustic sensor is
based on measuring the properties of ultrasound acoustic
waves with a frequency above the human audible range. The
ultrasound probe generates ultrasound acoustic waves
towards the object OB within the body BD. The ultrasound
acoustic sensor is in the region of the ultrasound acoustic
waves and receives the ultrasound acoustic waves.

[0115] FIG. 6 illustrates an example of receiving ultra-
sound acoustic beams BM according to the present inven-
tion.

[0116] The ultrasound acoustic waves are generated in the
form of ultrasound acoustic beams BM. The ultrasound
acoustic beams BM sweep the field of view during data
acquisition. As illustrated in FIG. 6, the ultrasound acoustic
beams BM are swept in the direction of the arrow. One beam
is illustrated as one line in FIG. 6.

[0117] The ultrasound acoustic sensor has the capability of
receiving one of the beams. When the ultrasound acoustic
sensor receives one beam, the second signal unit SU2
acquires the information as to which beam is received by the
ultrasound acoustic sensor. Meanwhile, the time duration for
receiving the beam is also acquired, which is from emission
of the beam to reception by the ultrasound acoustic sensor.
[0118] Advantageously, the second step of deriving com-
prises the sub steps of:

[0119] calculating a distance from the second receiver R2
to the second signal unit SU2 based on the corresponding
time duration and a given velocity.

[0120] deriving the second position information of the
second receiver R2 based on the distance and the informa-
tion of the beam.

[0121] Based on the signals acquired by the second sens-
ing unit SEU2, the distance from the second receiver R2 to
the second signal unit SU2 is calculated, for example, the
distance between the ultrasound acoustic sensor and the
ultrasound probe. The distance is calculated by multiplying
the above mentioned acquired time duration and a given
velocity. The given velocity is 1540 m/s for ultrasound
acoustic waves.

[0122] The second position information is derived based
on the calculated distance and the information of the beam
acquired as mentioned above. For example, the position
information of the ultrasound acoustic sensor is derived
from the position of the ultrasound probe along the identified
beam.

[0123] Advantageously, the second receiver R2 is adapted
to be attached to an interventional device.

[0124] The second receiver R2 is placed on or in the object
OB within the body BD. In order to do that for IGI therapy,
for example, the ultrasound acoustic sensor is attached to the
interventional device, such as metal needle or rubber cath-
eter. The interventional device is inserted into the object OB
within the body BD during the therapy. The second receiver
R2 attached to the invention device accordingly to the
invention is consequently put in the object OB.

[0125] Advantageously, the step of calculating 103 is
based on machine learning algorithms comprising non-
linear fitting, neural network, or logic regression.
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[0126] Applying machine learning algorithms is to build
up a model by training available datasets, in order to make
predictions or decisions based on a given dataset.

[0127] The machine learning algorithms are not limited to
non-linear fitting, neural network and logic regression.
[0128] FIG. 7 depicts a schematic diagram of an apparatus
400 according to the present invention to determine a motion
relation. The apparatus 400 comprises:

[0129] a first unit for acquiring 401 by means of a first
sensing unit SEUL a first position signal indicative of a
position of a first element placed at the location on the
surface of the body BD;

[0130] asecond unit for acquiring 402 by means of second
sensing unit SEU2 a second position signal indicative of a
position of a second element placed on or in the object OB,
wherein the first position signal and the second position
signal are acquired during a given duration synchronously;
[0131] a third unit for calculating 403 the relation between
the motion of the location on the surface of the body and the
motion of the object OB based on the first position signal
and the second position signal.

[0132] The various units of the apparatus according to the
invention are adapted to carry out the various steps
described previously.

[0133] FIG. 8 depicts a schematic diagram of an apparatus
according to an embodiment of the present invention.
[0134] Advantageously, the apparatus 400 is adapted to be
connected to a display 410 for displaying at least a given
image of the object OB and the position information of the
second element based on the second position signal.
[0135] The above embodiments as described are only
illustrative, and not intended to limit the technique
approaches of the present invention. Although the present
invention is described in details referring to the preferable
embodiments, those skilled in the art will understand that the
technique approaches of the present invention can be modi-
fied or equally displaced without departing from the spirit
and scope of the technique approaches of the present inven-
tion, which will also fall into the protective scope of the
claims of the present invention. In the claims, the word
“comprising” does not exclude other elements or steps, and
the indefinite article “a” or “an” does not exclude a plurality.
Any reference signs in the claims should not be construed as
limiting the scope.

1. An apparatus for determining a relation between a
surface motion of a location on a surface of a body (BD) and
an object motion of an object (OB) within the body (BD), the
apparatus comprising:

a first element placed at the location on the surface of the

body (BD) with the surface motion;

a first sensing unit (SEU1) configured to acquire a first
position signal indicative of a position of the first
element placed at the location on the surface of the
body (BD) with the surface motion;

asecond element attached to an interventional device and
placed on or in the object (OB);

a second sensing unit (SEU2) configured to acquire a
second position signal indicative of a position of the
second element attached to the interventional device
and placed on or in the object (OB), wherein the first
position signal and the second position signal are
acquired during a given duration synchronously; and
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a third unit for calculating the relation between the surface
motion and the object motion based on the first position
signal and the second position signal.

2. The apparatus as claimed in claim 1,

wherein the first sensing unit (SEU1) comprises a first
signal unit (SU1) adapted to generate first given signals
(SG1) towards a region of the surface of the body,

wherein the first element comprises a first receiver (R1)
adapted to be placed on the surface and in the region of
the surface, and

wherein the first sensing unit (SEU1) is adapted to derive
the first position signal on the basis of the first given
signals (SG1) sensed by the first receiver (R1).

3. The apparatus as claimed in claim 1, wherein the
apparatus is adapted to derive a first position information on
the basis of the first position signal and the first given signals
(SG1) generated by the first signal unit (SUT).

4. The apparatus as claimed in claim 1,

wherein the second sensing unit (SEU2) comprises a
second signal unit (SU2) adapted to generate second
given signals (SG2) towards the object (OB),

wherein the second element comprises a second receiver
(R2) adapted to be placed on or in the object (OB), and

wherein the second sensing unit is adapted to derive the
second position signals on the basis of the second given
signals (SG2) sensed by the second receiver (R2).

5. The apparatus as claimed in claim 1, wherein the
apparatus is adapted to derive a second position information
on the basis of the second position signal and the second
given signals (SG2) generated by the second signal unit
(SU2).

6. The apparatus as claimed in claim 2,

wherein the first signal unit (SU1) is an electromagnetic
field generator,

wherein the first receiver (R1) is a coil, and

wherein the apparatus is arranged to measure a voltage
generated in the first receiver (R1).

7. The apparatus as claimed in claim 4,

wherein the second signal unit (SU2) comprises an ultra-
sound probe,

wherein the second receiver (R2) is an ultrasound acoustic
sensor and

wherein the apparatus is adapted to identify (i) a beam
detected by the second receiver (R2) and (ii) a corre-
sponding time duration for detecting the beam.

8. The apparatus as claimed in claim 6, wherein apparatus
is adapted to derive first position information of the first
receiver (R1) based on the measured voltage and on elec-
tromagnetic positioning calculation.

9. The apparatus as claimed in claim 7, wherein the
apparatus is adapted to:

calculate a distance from the second receiver (R2) to the
second signal unit (SU2) based on the corresponding
time duration and a given velocity, and

derive second position information of the second receiver
(R2) based on the distance and the information of the
beam.

10. The apparatus as claimed in claim 1, wherein the third
unit for calculating is adapted to calculate the relation
between the surface motion and the object motion on the
basis of machine learning algorithms comprising non-linear
fitting, neural network, or logic regression.

11. The apparatus of claim 1, wherein the second element
attached to the interventional device 1s further configured to
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track a location of the interventional device, and wherein the
apparatus is configured to switch the operation of the second
element from object motion measurement to interventional
device tracking upon completion of determining the relation
between the surface motion and the object motion.

12. The apparatus as claimed in claim 1, wherein the
apparatus is adapted to determine the relation between the
surface motion and the object motion in the case that the
motion is respiratory motion of the body (BD) of a living
being.

13. The apparatus as claimed in claim 1, wherein the
apparatus is adapted to determine the relation between the
surface motion and the object motion in the case that the
given duration is at least one respiratory cycle of the body
(BD) of a living being.

14. An apparatus as claimed in claim 5, wherein the
apparatus is adapted to be connected to a display for
displaying at least a given image of the object OB and the
position information of the second element based on the
second position signal.
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15. A method for determining a relation between a surface
motion of a location on a surface of a body (BD) and an
object motion of an object (OB) within the body (BD), the
method comprising:

a first step of acquiring a first position signal indicative of
aposition of a first element placed at the location on the
surface of the body (BD) with the surface motion;

a second step of acquiring a second position signal
indicative of a position of a second element attached to
an interventional device and placed on or in the object
(OB), wherein the first position signal and the second
position signal are acquired during a given duration
synchronously;

a third step of calculating the relation between the surface
motion and the object motion based on the first position
signal and the second position signal.
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