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MOTION COMPENSATED CT RECONSTRUCTION OF HIGH CONTRAST
OBJECTS

The invention relates to the field of tomographic imaging. In particular,
the invention relates to an examination apparatus for examination of an object of
interest, to an image processing device, to a method of examination of an object of
interest, a computer-readable medium and a program element.

Computed tomography (CT) is a process of using digital processing to
generate a three-dimensional image of the internal of an object under investigation
(object of interest) from a series of two-dimensional X-ray images taken around a single
axis of rotation. The reconstruction of CT images can be done by applying appropriate
algorithms.

One important application in the frame of the computer tomography is
the so-called cardiac computer tomography, which is related to the reconstruction of a
three-dimensional image of a beating heart.

Cardiac CT imaging using gated reconstruction is currently limited in its
temporal and spatial resolution due to mechanical movement of the gantry and the fact
that a finite angular span of projections has to be acquired for the reconstruction of each
voxel.

It may be desirable to provide for an improved motion compensated
reconstruction of an object of interest, in particular for an improved motion
compensated CT reconstruction of high contrast objects.

According to an exemplary embodiment of the present invention, an
examination apparatus for examination of an object of interest may be provided, the

examination apparatus comprising a reconstruction unit adapted for reconstructing, on
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the basis of a data set, a first volume of the object of interest corresponding to a first
phase point and a second volume of the object of interest corresponding to a second
phase point. Furthermore, the examination apparatus may comprise a determination unit
adapted for locating a high contrast object within the first volume and locating the high
contrast object within the second volume, and for determining a motion vector field for
the high contrast object, resulting in a motion vector connecting the position of the
object in the first volume to the position of the object in the second volume, wherein the
reconstruction unit is further adapted for performing a motion compensated
reconstruction on the basis of the motion vector field.

Therefore, the examination apparatus may be adapted for performing a
motion compensated reconstruction which can be used to improve the resolution of the
reconstructed image in order to increase the signal-to-noise ratio or to suppress motion
blurring. The reconstruction may comprise an identification of a high contrast object,
which is then followed through the phases, resulting in a motion vector field of the high
contrast object. A motion compensated reconstruction is then performed on the basis of
the motion vector field.

Such a high contrast object may be, for example, a stent or a calcified
plaque in case the region of interest is an internal organ, such as the heart, or a blood
vessel.

According to another exemplary embodiment of the present invention, an
image processing device for examination of an object of interest is provided, the image
processing device comprising a memory for storing a data set of the object of interest, a
reconstruction unit adapted for reconstructing, on the basis of the data set, a first volume
of the object of interest corresponding to a first phase point and a second volume of the
object of interest corresponding to a second phase point, and a determination unit
adapted for locating a high contrast object within the first volume and locating the high
contrast object within the second volume, and for determining a motion vector field for
the high contrast object, resulting in a motion vector connecting the position of the

object in the first volume to the position of the object in the second, wherein the



10

15

20

25

WO 2007/060572 PCT/IB2006/054232

reconstruction is further adapted for performing a motion compensated reconstruction
on the basis of the motion vector field.

According to another exemplary embodiment of the present invention, a
method of examination of an object of interest may be provided, the method comprising
the steps of reconstructing, on the basis of a data set, a first volume of the object of
interest corresponding to a first phase point and a second volume of the object of
interest corresponding to a second phase point, locating a high contrast object within the
first volume and locating the high contrast object within the second volume, and
determining a motion vector field for the high contrast object, resulting in a resulting in
a motion vector connecting the position of the object in the first volume to the position
of the object in the second volume, wherein the reconstruction unit is further adapted for
performing a motion compensated reconstruction on the basis of the motion vector field.

Beyond this, according to another exemplary embodiment of the present
invention, a computer-readable medium is provided, in which a computer program of
examination of an object of interest is stored which, when being executed by a
processor, is adapted to carry out the above-mentioned method steps.

Furthermore, according to another exemplary embodiment of the
invention, a program clement of examination of an object of interest is provided, which,
when being executed by a processor, is adapted to carry out the above-mentioned
method steps.

The examination of the object of interest, i.e. the analysis of multi-cycle
cardiac computer tomography data according to the invention, may be realized by the
computer program, i.c. by software, or by using one or more special electronic
optimization circuits, i.¢. in hardware, or in hybrid form, i.e. by means of software
components and hardware components.

In the following, further exemplary embodiments of the invention will be
described. However, these embodiments apply also for the method of examination of an
object of interest, for the computer-readable medium, for the image processing device

and for the program element.
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According to an exemplary embodiment of the present invention, the data
set comprises projection data comprising of projections of the object of interest and
electrocardiogram data of the object of interest.

According to another exemplary embodiment of the present invention,
the data set is a cardiac CT data set, which may be acquired by rotating a radiation
source, i.¢. an X-ray source, and a detector unit around a heart of a human being. Based
on this measurement, a plurality of projection data are obtained. Simultaneously, an
electrocardiogram may be measured, wherein the data according to the
electrocardiogram may later be used to select data which are appropriate for a
subsequent reconstruction of the image of the heart, taking into account the beating
cycles of the heart. After the measurement that is retrospectively, appropriate data may
be selected using the electrocardiogram signals, wherein the selected data are then used
for a further examination.

According to another exemplary embodiment of the present invention,
the motion compensated reconstruction is performed for first projections of the
projection data, wherein the first projections cover phases for which a motion
compensation has been performed.

According to another exemplary embodiment of the present invention,
the first projections, which cover phases for which a motion estimation and a motion
compensation has been performed, are all projections of the data set, wherein the
motion estimation covers a complete cardiac cycle.

Furthermore, according to another exemplary embodiment of the present
invention, the first projections, which cover phases for which the motion estimation and
the motion compensation have been performed, are a selection of the projections of the
data set, wherein the motion estimation covers a complete cardiac cycle.

Furthermore, according to another exemplary embodiment of the present
invention, the motion compensated reconstruction covers a sub-volume of at least one
of the first volume and the second volume, wherein the sub-volume comprises the high

contrast object, and wherein the motion vectors are used directly in the motion
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compensated reconstruction by modifying a voxel position in the sub-volume according
to a cardiac phase of the projection to be back-projected.

Alternatively, according to another exemplary embodiment of the present
invention, the motion compensated reconstruction covers at least one of the complete
first volume and the complete second volume, wherein the motion compensated
reconstruction is performed after at least one of a spatial extrapolation and a spatial
interpolation of the motion vectors.

According to another exemplary embodiment of the present invention,
the interpolation is a simple linear interpolation or a thin plate spline interpolation.

Furthermore, according to another exemplary embodiment of the present
invention, the motion compensated reconstruction is performed after a temporal
interpolation of the first and second motion vectors. For example, a first volume has
been reconstructed at the phase point t0 and is to be reconstructed in a motion
compensated manner. The reconstruction of this volume may require data acquired
during the interval [t-At; t+ At]. Furthermore, a second volume has been reconstructed at
the phase point t- At and a third volume has been reconstructed at the phase point t+ At
, wherein the reconstruction of the second volume requires data acquired during the
interval [t-2 At; t0] and wherein the reconstruction of the third volume requires data
acquired during the interval [t0; t+2 At]. In this case, the calculated motion vector field
may be temporally interpolated between t- At and t0. The order of the interpolation may
correspond to the number of phase points (at which phase volumes have been
measured).

Furthermore, according to another exemplary embodiment of the present
invention, locating the high contrast object within the first volume and within the
second volume comprises a location of a first high contrast object within the first
volume, a location of a second high contrast object within the second volume, and a
determination of a correspondence of the first high contrast object and the second high
contrast object.

According to another exemplary embodiment of the present invention,

the examination apparatus may be applied as a material testing apparatus, medical
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application apparatus, or a Micro CT apparatus adapted for performing a motion
compensated reconstruction of high contrast objects. A field of application of the
invention may be medical imaging, in particular cardiac CT, breathing gated CT or CT
fluoroscopy.

According to another exemplary embodiment of the present invention,
the examination apparatus may be applied as a computer tomography apparatus, a
coherent scatter computed tomography apparatus, a positron emission tomography
apparatus, a single photon emission computed tomography apparatus, and an
interventional 3D rotational X-ray imaging system.

It should be noted in this context, that the present invention is not limited
to computer tomography, but may always then be applied when motion compensation
during reconstruction of a multi-dimensional data set has to be performed.

According to another exemplary embodiment of the present invention,
the examination apparatus may further comprise a collimator arranged between the
electromagnetic radiation source and the detector unit, wherein the collimator is adapted
for collimating an electromagnetic radiation beam emitted by the electromagnetic
radiation source to form a cone-beam or a fan-beam.

Furthermore, according to another exemplary embodiment of the present
invention, the radiation source may be adapted for emitting a polychromatic radiation
beam.

The program element according to another exemplary embodiment of the
present invention may preferably be loaded into working memories of a data processor.
The data processor may thus be equipped to carry out exemplary embodiments of the
methods of the present invention. The computer program may be written in any suitable
programming language, such as, for example, C++ and may be stored on a computer-
readable medium, such as a CD-ROM. Also, the computer program may be available
from a network, such as the WorldWideWeb, from which it may be downloaded into
image processing units or processors, or any suitable computers.

It may be seen as the gist of an exemplary embodiment of the present

invention that a motion compensated reconstruction is provided for cardiac CT,
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comprising an identification of a high contrast object which is followed through the
phases, resulting in a motion vector field of the high contrast object. The motion
compensated reconstruction is then performed on the basis of the motion vector field.
This may improve the resolution of the reconstructed image, increase the signal-to-noise
ratio or suppress motion blurring. The motion compensated reconstruction may be
applied for high contrast objects moving with the heart such as calcified plaques or
devices like stents.

These and other aspects of the present invention will become apparent
from and elucidated with reference to the embodiments described hereinafter.

Exemplary embodiments of the present invention will be described in the

following, with reference to the following drawings.

Fig. 1 shows a simplified schematic representation of an examination
apparatus according to an exemplary embodiment of the present invention.

Fig. 2 shows a schematic representation of a calcium scoring data set
reconstructed at different phase points.

Fig. 3 shows a flow-chart of an exemplary method according to the
present invention.

Fig. 4 shows an exemplary embodiment of an image processing device
according to the present invention, for executing an exemplary embodiment of a method

in accordance with the present invention.

The illustration in the drawings is schematically. In different drawings,
similar or identical elements are provided with the same reference numerals.

Fig. 1 shows an exemplary embodiment of a computed tomography
scanner system according to the present invention.

The computer tomography apparatus 100 depicted in Fig. 1 is a cone-

beam CT scanner. However, the invention may also be carried out with a fan-beam
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geometry. The CT scanner depicted in Fig. 1 comprises a gantry 101, which is rotatable
around a rotational axis 102. The gantry 101 is driven by means of a motor 103.
Reference numeral 104 designates a source of radiation such as an X-ray source, which,
according to an aspect of the present invention, emits polychromatic or monochromatic
radiation.

Reference numeral 105 designates an aperture system which forms the
radiation beam emitted from the radiation source to a cone-shaped radiation beam 106.
The cone-beam 106 is directed such that it penetrates an object of interest 107 arranged
in the center of the gantry 101, i.e. in an examination region of the CT scanner, and
impinges onto the detector 108. As may be taken from Fig. 1, the detector 108 is
arranged on the gantry 101 opposite to the source of radiation 104, such that the surface
of the detector 108 is covered by the cone beam 106. The detector 108 depicted in Fig. 1
comprises a plurality of detector elements 123 each capable of detecting X-rays which
have been scattered by or passed through the object of interest 107.

During scanning the object of interest 107, the source of radiation 104,
the aperture system 105 and the detector 108 are rotated along the gantry 101 in the
direction indicated by an arrow 116. For rotation of the gantry 101 with the source of
radiation 104, the aperture system 105 and the detector 108, the motor 103 is connected
to a motor control unit 117, which is connected to a control unit 118 (which might also
be denoted as a calculation or determination unit).

In Fig. 1, the object of interest 107 is a human being which is disposed on
an operation table 119. During the scan of a heart 130 of the human being 107, while
the gantry 101 rotates around the human being 107, the operation table 119 displaces
the human being 107 along a direction parallel to the rotational axis 102 of the gantry
101. By this, the heart 130 is scanned along a helical scan path. The operation table 119
may also be stopped during the scans to thereby measure signal slices. It should be
noted that in all of the described cases it is also possible to perform a circular scan,
where there is no displacement in a direction parallel to the rotational axis 102, but only

the rotation of the gantry 101 around the rotational axis 102.
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Moreover, an electrocardiogram device 135 is provided which measures
an electrocardiogram of the heart 130 of the human being 107 while X-rays attenuated
by passing the heart 130 are detected by detector 108. The data related to the measured
electrocardiogram are transmitted to the control unit 118.

Further, it shall be emphasized that, as an alternative to the cone-beam
configuration shown in Fig. 1, the invention can be realized by a fan-beam
configuration. In order to generate a primary fan-beam, the aperture system 105 can be
configured as a slit collimator.

The detector 108 is connected to the control unit 118. The control unit
118 receives the detection result, i.e. the read-outs from the detector elements 123 of the
detector 108 and determines a scanning result on the basis of these read-outs.
Furthermore, the control unit 118 communicates with the motor control unit 117 in
order to coordinate the movement of the gantry 101 with motors 103 and 120 with the
operation table 11.

The control unit 118 may be adapted for reconstructing an image from
read-outs of the detector 108. A reconstructed image generated by the control unit 118
may be output to a display (not shown in Fig. 1) via an interface 122.

The control unit 118 may be realized by a data processor to process read-
outs from the detector elements 123 of the detector 108.

The computer tomography apparatus shown in Fig. 1 captures multi-
cycle cardiac computer tomography data of the heart 130. In other words, when the
gantry 101 rotates and when the operation table 119 is shifted linearly, then a helical
scan is performed by the X-ray source 104 and the detector 108 with respect to the heart
130. During this helical scan, the heart 130 may beat a plurality of times. During these
beats, a plurality of cardiac computer tomography data are acquired. Simultaneously, an
electrocardiogram is measured by the electrocardiogram unit 135. After having acquired
these data, the data are transferred to the control unit 118, and the measured data may be
analyzed retrospectively.

The measured data, namely the cardiac computer tomography data and

the electrocardiogram data are processed by the control unit 118 which may be further
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controlled via a graphical user-interface (GUI) 140. This retrospective analysis is based
on a helical cardiac cone beam reconstruction scheme using retrospective ECR gating. It
should be noted, however, that the present invention is not limited to this specific data
acquisition and reconstruction.

However, in addition to the conventional ECR scheme, the device 118 is
adapted to analyze the multi-cycle cardiac computer tomography data detected by
attenuating X-rays passing the heart 113 in the following manner, to eliminate artifacts:
A determination unit 118 locates a high contrast object within the first volume and
locates the high contrast object within the second volume. Then, a determination of a
motion vector field for the high contrast object is performed, resulting in a first motion
vector for the first volume and a second motion vector for the second volume. Then, the
device 118 performs a motion compensated reconstruction on the basis of the motion
vector field.

Fig. 2 shows a schematic representation of a calcium scoring data set at
different phase points. The data set depicted in Fig. 2 is reconstructed at every 20%
cardiac cycle showing a high contrast calcification 206, 207, 208, 209, 210 in a
coronary artery which can be followed through the phases 201, 202, 203, 204, 205.

It should be noted that the images 201-205 at different phases are shown
at different slices to track the calcification in three dimensions.

Fig. 3 shows a flow-chart of an exemplary method according to the
present invention for performing a motion compensated CT reconstruction of high
contrast objects. It should be noted, however, that the method may be applied not only
to data sets acquired with a CT examination apparatus, but may also be applied to other
data sets, which are acquired by other examination apparatuses, such as, for example,
positron emission computed tomography systems.

The method starts at step 1 with the emission of electromagnetic
radiation by a radiation source to the object of interest. Furthermore, a conventional CT
scan 1s performed, resulting in an acquisition of projection data. Furthermore, also in

step 1, an acquisition of electrocardiogram data is performed.
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Then, in step 2, the projection data, for example acquired in a low pitch
helical acquisition mode or during a circular scan, or during any other scan, such as, for
example, a saddle trajectory scan, together with the ECG data are reconstructed at
different phase points. Within each of the reconstructed volumes the high contrast
objects are located with a suitable segmentation algorithm. For example, the
segmentation algorithm may be a simple threshholding approach, which sets all
Housfield values below a certain value (threshhold) to zero and thus delivers an image,
which contains only the high contrast structures — if the threshhold has been chosen
appropriately. A different segmentation method may contain information about the
shape of the object to be segmented, calculation the local grey value distribution and
there first and second derivative. Finally, model based segmentation may be of high
interest in view of the motion compensated reconstruction of stents, since the shape and
material of a deployed stent in a vessel is approximately known.

If there is more than one high contrast object, the correspondence of the
object in the different data sets may be determined, for example via the most similar
shape.

Then, in step 3, the motion vector field for each of the target objects is
determined from the different volume data set by calculating for example the
displacement vectors of the corresponding objects from phase to phase. As a result, the
three-dimensional motion vectors are obtained for all the phases which have been
reconstructed.

Finally, in step 4, a motion compensated reconstruction is carried out,
where those projections are used for the reconstruction, which cover the cardiac phases
for which the motion compensation has to be performed. In other words, since the gated
reconstruction in CT imaging may always require a finite sized temporal window from
which the data are taken for the reconstruction process, the motion compensation should
be performed for all projections within this window. Since the image volumes may
always be built up from the complete temporal measurement interval and seen as the
mean of this interval, the same happens for an image reconstructed at the end or the

beginning of the interval chosen for the central image to be motion compensated.
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Though they may employ the same projection data for the generation of volume data,
they are treated as different temporal states — which is — to a large extend — true. At this
point it is referred to the above explanations with respect to the temporal interpolation.

These can be all projections, provided the motion estimation covers the
complete cardiac cycle, or they may be only one part of the complete projections. The
motion compensated reconstruction may cover a sub-volume containing the structure of
interest and the motion vectors may be used directly in the reconstruction process by
modifying the voxel positions in the volume according to cardiac phase of the
projection to be back-projected.

Alternatively, the complete volume may be reconstructed motion
compensated after a spatial extra-/interpolation of the motion vectors at the different
volume positions. A possible interpolation method may be the thin plate spline
interpolation or a simple tri-linear interpolation.

A full three-dimensional motion compensated reconstruction may be
achieved with the described method for a target volume of interest or for the complete
volume. It may be used to increase the temporal resolution of the data set or to decrease
motion blurring. In addition, it may help to use wider gating windows in cardiac CT
imaging which may lead to an increased signal-to-noise ratio.

Fig. 4 depicts an exemplary embodiment of a data processing device 400
according to the present invention for executing an exemplary embodiment of a method
in accordance with the present invention. The data processing device 400 depicted in
Fig. 4 comprises a central processing unit (CPU) or image processor 401 connected to a
memory 402 for storing an image depicting an object of interest, such as a patient or an
item of baggage. The data processor 401 may be connected to a plurality of input/output
network or diagnosis devices, such as a CT device. The data processor 401 may
furthermore be connected to a display device 403, for example, a computer monitor, for
displaying information or an image computed or adapted in the data processor 401. An
operator or user may interact with the data processor 401 via a keyboard 404 and/or

other output devices, which are not depicted in Fig. 4.
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Furthermore, via the bus system 405, it may also be possible to connect
the image processing and control processor 401 to, for example, a motion monitor,
which monitors a motion of the object of interest. In case, for example, a lung of a
patient is imaged, the motion sensor may be an exhalation sensor. In case the heart is
imaged, the motion sensor may be an electrocardiogram.

Exemplary embodiments of the invention may be sold as a software
option to CT scanner console, imaging workstations or PACS workstations.

According to an aspect of the present invention, high quality cardiac
reconstruction of target structures with a high contrast like calcified plaque or devices
like stents may be performed with improved temporal resolution, decreased motion
blurring or improved signal-to-noise ratio or decreased dose.

It should be noted that the term “comprising” does not exclude other
elements or steps and the “a” or “an” does not exclude a plurality. Also elements
described in association with different embodiments may be combined.

It should also be noted that reference signs in the claims shall not be

construed as limiting the scope of the claims.
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CLAIMS:

1. Examination apparatus for examination of an object of interest (107), the
examination apparatus comprising:

a reconstruction unit (118) adapted for reconstructing, on the basis of a data set,
a first volume of the object of interest (107) corresponding to a first phase point and a
second volume of the object of interest (107) corresponding to a second phase point;

a determination unit adapted for:

locating a high contrast object within the first volume and locating the high
contrast object within the second volume; and

determining a motion vector field for the high contrast object, resulting in a
motion vector connecting the positions of the high contrast object in the first volume
and the second volume;

wherein the reconstruction unit (118) is further adapted for performing a motion

compensated reconstruction on the basis of the motion vector field.

2. The examination apparatus of claim 1,
wherein the data set comprises projection data comprising projections of the object of

interest (107) and electrocardiogram data of the object of interest (107).

3. The examination apparatus of claim 2,

wherein the projection data comprises first projections;

wherein the motion compensated reconstruction is performed for the first projections of
the projection data, the first projections covering phases for which a motion

compensation has been performed.
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4. The examination apparatus of claim 3,
wherein the first projections, which cover phases for which a motion estimation and the
motion compensation have been performed, are all projections of the data set; and

wherein the motion estimation covers a complete cardiac cycle.

5. The examination apparatus of claim 3,

wherein the first projections, which cover phases for which the motion estimation and
the motion compensation have been performed, are a selection of the projections of the
data set; and

wherein the motion estimation covers only parts of the cardiac cycle.

6. The examination apparatus of claim 1,

wherein the motion compensated reconstruction covers a sub-volume of at least one of
the first volume and the second volume;

wherein the sub-volume comprises the high contrast object;

wherein the motion vectors are used directly in the motion compensated reconstruction
by modifying a voxel position in the sub-volume according to a cardiac phase of the

projection to be back-projected.

7. The examination apparatus of claim 1,

wherein the motion compensated reconstruction covers at least one of the complete first
volume and the complete second volume;

wherein the motion compensated reconstruction is performed after at least one of a

spatial extrapolation and a spatial interpolation of the first and second motion vectors.

8. The examination apparatus of claim 7,

wherein the interpolation is a thin plate spline interpolation.
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9. The examination apparatus of claim 1,
wherein the motion compensated reconstruction is performed after a temporal

interpolation of the motion vectors.

10. The examination apparatus of claim 1, further comprising:

a radiation source adapted for moving along a scan path and for emitting
electromagnetic radiation to the object of interest (107);

a detector unit (108) adapted for detecting the projection data; and

an electrocardiogram unit (135) adapted for detecting the electrocardiogram data;
wherein the examination apparatus is adapted for acquiring the projection data in a low
pitch helical acquisition mode; and

wherein the reconstruction is a gated reconstruction.

11. The examination apparatus of claim 1,
wherein locating the high contrast object within the first volume and within the second
volume comprises:

a location of a first high contrast object within the first volume;

a location of a second high contrast object within the second volume; and

a determination of a correspondence of the first high contrast object and the

second high contrast object.

12. The examination apparatus of claim 1, configured as one of the group
consisting of a material testing apparatus, a medical application apparatus and a micro

CT system.

13. The examination apparatus of claim 1, configured as one of the group
consisting of a computer tomography apparatus, a coherent scatter computed
tomography apparatus, a positron emission computed tomography apparatus, a single
photon emission computed tomography apparatus, and an interventional 3D rotational

X-ray device.
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14. The examination apparatus of claim 1,

further comprising a collimator (105) arranged between the electromagnetic radiation
source (104) and the detector unit (108);

wherein the collimator (105) is adapted for collimating an electromagnetic radiation
beam emitted by the electromagnetic radiation source (104) to form a cone-beam or a

fan-beam.

15. An image processing device for examination of an object of interest, the
image processing device comprising:

a memory for storing a data set data of the object of interest (107);

a reconstruction unit (118) adapted for reconstructing, on the basis of the data
set, a first volume of the object of interest (107) corresponding to a first phase point and
a second volume of the object of interest (107) corresponding to a second phase point;

a determination unit adapted for:
locating a high contrast object within the first volume and locating the high contrast
object within the second volume; and
determining a motion vector field for the high contrast object wherein the motion vector
field connects the position of the high contrast object in the first volume and the second
volume;
wherein the reconstruction unit (118) is further adapted for performing a motion

compensated reconstruction on the basis of the motion vector field.

16. A method of examination of an object of interest, method comprising the
steps of:

reconstructing, on the basis of a data set, a first volume of the object of interest (107)
corresponding to a first phase point and a second volume of the object of interest (107)
corresponding to a second phase point;

locating a high contrast object within the first volume and locating the high contrast

object within the second volume; and
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determining a motion vector field for the high contrast object, resulting in a motion
vector connecting the position of the high contrast object in the first volume and the
second volume;

wherein the reconstruction unit (118) is further adapted for performing a motion

compensated reconstruction on the basis of the motion vector field.

17. A computer-readable medium (402), in which a computer program of
examination of an object of interest is stored which, when being executed by a
processor (401), is adapted to carry out the steps of:

reconstructing, on the basis of a data set, a first volume of the object of interest (107)
corresponding to a first phase point and a second volume of the object of interest (107)
corresponding to a second phase point;

locating a high contrast object within the first volume and locating the high contrast
object within the second volume; and

determining a motion vector field for the high contrast object, resulting in a motion
vector connecting the positions of the high contrast object in the first volume and the
second volume;

wherein the reconstruction unit (118) is further adapted for performing a motion

compensated reconstruction on the basis of the motion vector field.

18. A program element of examination of an object of interest, which, when
being executed by a processor (401), is adapted to carry out the steps of:
reconstructing, on the basis of a data set, a first volume of the object of interest (107)
corresponding to a first phase point and a second volume of the object of interest (107)
corresponding to a second phase point;

locating a high contrast object within the first volume and locating the high contrast
object within the second volume; and

determining a motion vector field for the high contrast object, resulting in a motion
vector connecting the positions of the high contrast object in the first volume and the

second volume;
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wherein the reconstruction unit (118) is further adapted for performing a motion

compensated reconstruction on the basis of the motion vector field.
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