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Description

[0001] Theinvention relates to a reconstruction unit for
reconstructing a fine reproduction of at least a part of an
object, a corresponding method, a computer-readable
medium and a program element. In particular, the inven-
tion relates to a reconstruction unit for reconstructing a
fine reproduction of at least a part of an object, wherein
the reproduction is executed on data detected by a tom-
ography device.

[0002] Deployingcomputertomography (CT)for object
reconstruction aims to scan an object and to reconstruct
a reproduction of the object, which object is enclosed by
a body. The non-invasive method of scanning the object
is a common procedure to obtain information about the
object for diagnostic purposes.

[0003] Usuallyanimage ofthe objectis generated. The
image can be analysed and an abnormality of an inner
structure of the object may be detected. CT scanning is
quite often deployed to obtain information of a heart in
the body of an human being e.g. calcification in the cor-
onary arteries can be detected.

[0004] Since the heart is always in motion the recon-
structed pictures may be blurry depending on the phase
point of the cardiac cycle when the scan was performed
or the projection data were selected and the image of the
heart was reconstructed. The phase point determines
the centre of the interval of the cardiac cycle, or also
named RR-interval, were the projection data have been
selected or measured.

[0005] The automatic determination of an applicable
phase point for retrospectively gated cardiac reconstruc-
tion remains as one of the key problems for CT based
non-invasive coronary angiography. The determination
of an applicable phase point can improve the quality of
a reconstructed image of an object. For finding an appli-
cable phase point as a first step, model based approach-
es have been used, followed by image processing based
methods.

[0006] An image based approach is known from R.
Manzke, et al.: Automatic phase determination for retro-
spectively gated cardiac CT, Medical Physics, Vol 31,
No. 12, December 2004.

[0007] A model based approach is known from Vem-
bar, et al.: A dynamic approach to identifying desired
physiological phases for cardiac imaging using multislice
spiral CT, Medical Physics, Vol. 30, No. 7, July 2003.
[0008] Further information can be found in US
6,628,743 B1.

[0009] WO 2005/008597 A discloses a motion com-
pensation for CT imaging of the heart or the coronary
vessel tree in which a motion of the object is estimated,
time points where these areas have minimal motion are
determined based thereon. Then, an image is recon-
structed using these respective time points.

[0010] WO 02/103639 A2 discloses a motion compen-
sation algorithm comprising reconstructing low-resolu-
tion images from 3D image data of a 3D image data set
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which has been acquired during different phases of mo-
tion of the periodic motion. Motion information is deter-
mined from the low-resolution images and used to recon-
struct high resolution images.

[0011] It may be desirable to provide efficient object
reconstruction.
[0012] Accordingtothe presentinventionareconstruc-

tion unit for reconstructing a fine reproduction of at least
a part of an object is provided, as defined in claim 1.
Further, according to the present invention, a method for
reconstructing a fine reproduction of at least a part of an
object is provided as defined in claim 8. According to a
further exemplary embodiment an examination appara-
tus for reconstructing a fine reproduction of at least a part
of an object is provided, the examination apparatus com-
prising the reconstruction unit as described above. The
examination apparatus further comprises a detector unit
and a time scheduling unit, wherein the detector unit is
connected to the reconstruction unit. Furthermore, the
time scheduling unit is connected to the reconstruction
unit and the detector unit is adapted for providing the
data set containing structural information about the ob-
ject. The time scheduling unit is adapted for providing
the scheduling information related to the data set. Further
according to the present invention, a computer-readable
medium is provided, as defined in claim claim 13.
[0013] Further according to the present invention, a
program element for reconstructing a fine reproduction
of at least a part of the object is provided, as defined in
claim 14.

[0014] In this context retrospective gating is used to
express the process of scanning an object preferred and
afterwards analysing of the gathered information. While
the scanning of the object is performed a sequence of
data sets is generated. These data sets may represent
adigitized information of a projection of the object. Struc-
tural information of the object, in particular structural in-
formation of an interior area of the object may be con-
tained in the projection preferred set. After having col-
lected the plurality of data sets, particular data sets can
be selected to reconstruct a reproduction of the object.
[0015] In the following a basic idea of the invention is
described in greater detail.

[0016] The reconstruction unit may be adapted for re-
ceiving a sequence of data sets, wherein the data sets
represent structural information of the object. Further the
reconstruction unit may receive scheduling information
related to the data sets of the sequence of data sets. The
scheduling information may be gathered in parallel to the
process of gathering the data sets. Each data set may
have a corresponding scheduling information and thus,
an order of the data sets belonging to the sequence of
data sets is provided. The scheduling information may
be seen as a time scale to relate the data sets to the
scheduling information. Thus, each data set may have a
timing information or a time point information to deter-
mine the point in time when the data set was recorded.
[0017] By using the sequence of data sets and the
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scheduling information it may be possible to reconstruct
a sequence of coarse reconstructions of the object. pre-
ferred combination may allow to reconstruct a movement
or motion of the scanned object. Information about the
motion may be available by comparing subsequent
coarse reconstructions of the model. Using a coarse re-
construction may quickly provide results of calculations
and automated operations like mathematical compari-
sons of the models and in particular of specific elements
of the models may be possible.

[0018] A coarse reconstruction or a coarse reproduc-
tion may use less information than a fine reconstruction
or a fine reproduction. Thus, a fine reproduction may
show a more detailed information of the object.

[0019] It may also be possible to use all available in-
formation of the data sets and thus, instead of recon-
structing a coarse reconstruction to reconstruct a fine
reconstruction, already in this phase of the process.
Thereby the performance of the process may be reduced,
however smaller landmarks, i.e. portions, may be ob-
served or detected and the phase of minimum motion of
the small portions may be detected. The fine reproduc-
tion, which may be used instead of the coarse reproduc-
tion, may be an image of high resolution.

[0020] An example of a coarse reconstruction may be
a two dimensional sectional view with a low resolution or
a three dimensional picture with a low resolution. In a two
dimensional view or picture pixels may be used to mark
different sub-structures of the object. Therefore pixels
may provide grey scale values or colour values to mark
different sub-structures. Accordingly a three dimensional
picture may use voxels to distinguish between different
substructures. A low resolution of a three dimensional
picture may have a spatial resolution of e.g. 643 (=643)
voxels or 1283 (=1283) voxels.

[0021] These pictures may be recorded at different
points in time. Thus, the time resolution may be 20 to 50
three dimensional pictures in a defined time period
wherein the time period may be substantially 1 second.
The time period may also be expressed by a sampling
rate, which is the inverse value of the duration of a period.
[0022] Since the coarse reconstructions may be com-
puter generated pictures, it may be possible to detect
different sub-structures in the coarse reconstructions by
methods of automatic image processing. Therefore
processing of the coarse reconstructions with the recon-
struction unit may be possible. The reconstruction unit
may deploy e.g. filter operations to select the boarders
of different structures.

[0023] Thus, it may also be possible that the recon-
struction unit is able to automatically distinguish and rec-
ognize different sub-structures in the coarse reconstruc-
tion of the object. In other words, parts of a representation
of a real physical object, in particular interior structures
of the physical object, may be converted into a machine-
readable format.

[0024] Having a machine-readable format of the struc-
tural information of coarse reconstructions, the recon-
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struction unit may be able to automatically generate a
sequence of adapted models of the object by adapting a
respective basic model to each of the coarse reconstruc-
tions. In particular the reconstruction unit may be able to
adapt the basic model to the detected sub-structures of
the coarse reconstructions.

[0025] A model may be a mesh model. A mesh model
may comprise a plurality of lines and edges to rebuild a
structure of an object. For rebuilding the structure of the
object of interest, the mesh model may use an a priori
knowledge about the structure of the object of interest.
In other words the basic structure of the object or the
inner structure of the object may be known in advance
and a basic mesh model using this knowledge may be
provided. Then, for reconstructing the individual form of
the object of interest, the basic model may have to be
adapted to the recognised structures of the coarse re-
constructions, which may be an image of the object of
interest.

[0026] The edges and lines of the model may make
such a model virtually deformable. The higher the
number of edges the higher the granularity or resolution
of the model. Since the mesh model may be deformable
the model may be adapted to the detected structures or
sub-structures of the coarse reconstructions of the phys-
ical object. For this adaptation landmarks are deployed,
which may be specific points for finding related points of
the coarse reconstructions. Such landmarks may be a
known artery or a known ventricle in case of a heart.
[0027] After having adapted a single model to a se-
quence of coarse reconstructions or after having gener-
ated a sequence of adapted models a motion of a portion
of the mesh model may be determined. The motion may
be determined by tracking the position of a known specific
point of the model in the sequence of adapted models.
An example for a specific point may be an edge of the
mesh model.

[0028] A motion vector field of the portion of interest
may be generated in order to determine the strength of
the motion of that portion. A motion vector field is a plu-
rality of motion vectors. Each motion vector may corre-
spond to the relevant portion of the object and may indi-
cate the strength of the motion of the relevant portion.
[0029] The portion may be selected in advance since
the portion of the model may correspond to a relevant
portion or area in the physical object.

[0030] Usingthe determined information about the mo-
tion may allow selecting a specific data set of the se-
quence of data sets, wherein the specific data set may
correspond to the adapted model with the minimum mo-
tion of the predetermined portion. The relevant data set
may be determined by backward tracking from the adapt-
ed model to the relevant data set. The backward tracking
may be possible, since the sequence of data sets is linked
to the scheduling information.

[0031] When the relevant data set of minimum motion
may be found it may be possible to reconstruct a fine
reconstruction of at least the part of the object using the
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relevant data set. There may be additional information
available in the data set for reconstructing a fine repro-
duction, since not all the information available in the data
set may be used for the coarse reconstruction. Using the
additional information from the relevant data set may
achieve a high granularity of the reproduction, i.e. with
this additional information it may be possible to recon-
struct a picture with a high resolution.

[0032] In other words, using the method of retrospec-
tively gated object reconstruction may produce a plurality
of projections or scanner data sets. Scanning an oscil-
lating object may produce artefacts or un-sharp recon-
structed structures. If the object may oscillate irregularly
the plurality of data sets may contain data sets corre-
sponding to phases or phase points or points in time of
high motion activity and data sets corresponding to phas-
es or phase points or points in time of minimum motion
activity.

[0033] Finding the data sets corresponding to phase
points of minimum activity of a part of interest of the object
may allow a sharp reproduction of the part of interest of
the object. The sharpness may be increased by using
data sets corresponding to phase points of minimum or
nearly no motion of the part of interest of the object. The
sharpness in addition may be increased by using all in-
formation available in a data set for reconstructing the
object. This may lead to a sharp image of high resolution
or a fine reproduction of high resolution.

[0034] Providing a high resolution may mean that an
area is represented by a higher number of voxel or pixel.
Thus, more details of the part of interest of the object
may be visualized. Therefore structures, which usually
cannot be seen in un-sharp pictures may now be visible.
Thus, fine structures of the object may also be seen. The
fine structures may be seen even ifthe models have been
adapted to other coarse shapes, which may be located
nearby or underneath the fine structures.

[0035] In the following, further exemplary embodi-
ments of the reconstruction unit will be described. These
embodiments apply also for the method for reconstruct-
ing a fine reproduction of at least a part of an object, for
the examination apparatus, for the computer-readable
medium, and for the program element.

[0036] According to a further preferred embodiment of
the present invention, the reconstruction unit is adapted
for reconstructing a cardiac structure.

[0037] A reconstruction unit, which is adapted for re-
constructing a cardiac structure may allow to reconstruct
afine reproduction of the heart or parts of the heart. Since
such a reproduction is not limited to the selected portion
itmay be possible that other structures are reconstructed.
Therefore small coronaries may be visible on such re-
productions.

[0038] The models of a heart may be permanently
stored in a reconstruction unit, which is adapted for re-
constructing a cardiac structure since the reconstruction
unit may only be used for analyses concerning the heart
and the reconstructing unit may be optimised for recon-
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structing cardiac structures.

[0039] According to another preferred embodiment of
the present invention, the respective model is at least
one selected from the group consisting of a mesh and a
cardiac model.

[0040] Using a specific mesh or cardiac model may
allow recognition of the different sub structures or differ-
ent compartments of the cardiac anatomy. Therefore the
detection and reconstruction process may be accelerat-
ed.

[0041] According to a further preferred embodiment of
the present invention the above-mentioned respective
model comprises adaptable shapes.

[0042] The more shapes are provided by the relevant
model the better reconstruction may be performed. Using
as much information of the model as possible may result
in a better and sharper fine reproduction of the cardiac
anatomy.

[0043] According to a further preferred embodiment of
the presentinvention the fine reproduction is at least one
selected from the group of a fine mesh, fine sub mesh,
a high resolution computer picture, a vector graphic, a
high resolution 2D picture, a high resolution 3D picture,
a coronal sectional view, and a sagittal sectional view of
the part of the object.

[0044] The different reproductions may provide exem-
plary reproductions, which may be used in a computer
system for representing a physical object. The different
reproductions may be different representations of the
same set of data. The different representations may be
selectively switched on to provide different views of the
partofinterest ofthe object or cardiac structure toan user.
[0045] According to a further exemplary embodiment
of the present invention, the reconstruction unitis adapt-
ed to process scheduling information, which is a se-
quence of points in time.

[0046] The points in time may correspond to specific
events. The sequence of points in time may be an ordered
list, listing sampling points. Having an ordered list of
points in time, which may correspond to a relevant data
set recorded in that special point in time may allow to
relate a specific data set to a point in time, the data set
corresponds to. This information of the relationship of the
data set and the relevant pointin time may be used when
backtracking for finding the relevant data set for the fine
reproduction.

[0047] According to a further preferred embodiment of
the present invention, the reconstruction unit is adapted
to process scheduling information, which is a sequence
of phase points.

[0048] A phase may be a regularly repeating interval,
which is a part of the cardiac cycle. The cardiac cycle is
a sequence of phase points and a sequence of phases.
The phase points may allow to relate a data set to a de-
fined point in time of the cardiac phase.

[0049] According to a further preferred embodiment of
the present invention, the phase points are phase points
of a cardiac phase.
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[0050] According to the present invention, the recon-
struction unit is adapted to receive scheduling informa-
tion from an ECG (electro cardiogram) recording. An
ECG recording is a plot which represents the activity of
an heart over the time. High activity may be represented
by a high amplitude. Low activity may be represented by
a low amplitude in the plot. Therefore defined phases of
the cardiac cycle may be seen on the plot.

[0051] The ECG may be recorded in parallel to the
sampling of the data sets. Since the time is recorded
when the relevant data set is sampled, the data set can
be related to a phase of the cardiac cycle. The link may
be made by a common point in time of the sequence of
data sets and the scheduling information.

[0052] According to a further exemplary embodiment
the reconstruction unit is adapted to process a sequence
of data, which is a sequence of CT projection data sets.
Computer tomography (CT) is a process of using digital
processing to generate a three-dimensional image of the
internal structure of an object under investigation (object
of interest) from a series of two-dimensional X-ray imag-
es taken around a single axis of rotation. The reconstruc-
tion of CT images can be done by applying appropriate
algorithms.

[0053] For each point in time, when a X-ray image is
recorded, a set of data is generated. The generated set
of data may include information about a direction or angle
in relation to the object and the corresponding attenuation
of a X-ray through the body or object.

[0054] According to another exemplary embodiment
the reconstruction unit is adapted for selecting the spe-
cific data set by generating a set of motion vectors be-
longing to the predetermined portion of the model, where-
in the set of motion vectors is generated at each position
of the adapted models. Once a set of motion vectors is
generated the absolute length of the set of motion vectors
of the predetermined portion of the adapted models is
determined.

[0055] It may be possible to select from the sequence
of adapted models at least one adapted model, which
offers the minimum motion of the portion of interest. Since
the adapted model is adapted to a coarse reconstruction
of a data set, the relevant data set can be determined.
This determination may be possible since the coarse re-
production may be related to a phase point of a cardiac
cycle, and thus the relevant phase point of the cardiac
cycle may be determined. This phase point may be, in
retrospectively gated cardiac reconstruction to achieve
a good diagnostic image quality.

[0056] In the following, a further exemplary Preferred
of the method will be described. This embodiment applies
also for the reconstruction unit for reconstructing a fine
reproduction of at least a part of an object, for the exam-
ination apparatus, for the computer-readable medium,
and for the program element.

[0057] According to another preferred embodiment of
the present invention, the method comprises selecting
the part of the object as a structure nearby a coronary.
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[0058] A coronary may be not directly detectable and
visual in a coarse reproduction of the part of the object.
The coronary therefore may also be no part of the model.
[0059] However, for visualizing the coronary or a plu-
rality of coronaries or another fine structure, a part of the
object that is known to be in the neighbourhood or lying
underneath the coronary or the fine structure may be
selected to be sharply reproduced. Indirectly and auto-
matically the coronary may be visible on the sharp repro-
duction of the object.

[0060] In the following, further exemplary embodi-
ments of the examination apparatus will be described.
These embodiments apply also for the reconstruction unit
for reconstructing a fine reproduction of at least a part of
an object, for the method, for the computer-readable me-
dium, and for the program element.

[0061] Furthermore, according to another preferred
embodiment of the present invention, the examination
apparatus may comprise a memory unit wherein the
memory unit is adapted for storing the sequence of data
sets and the scheduling information.

[0062] Storing the information may allow to collect the
information about the object and to analyze the informa-
tion after collecting the information. Thus, backtracking
may be possible.

[0063] According to another preferred embodiment of
the present invention the examination apparatus com-
prises a graphical user-interface.

[0064] The graphical user-interface may be adapted
to display information calculated by the examination ap-
paratus. The fine reproduction may be a graphical rep-
resentation of a list of graphical information. The graph-
ical user interface may convert this graphical information
into an image, viewable by an user. The graphical user
interface may also provide the option to select between
different views of the fine reproduction of the object.
[0065] The graphical user interface may also provide
the possibility to send commands to the examination ap-
paratus, in particular to control the reconstruction unit.
The whole process of reconstructing a fine reproduction
may be controllable through the graphical user interface.
[0066] According to another exemplary embodiment,
the examination apparatus is at least one selected of the
group consisting of a material testing apparatus, a bag-
gage inspection apparatus, a medical application appa-
ratus, a computer tomography apparatus, a coherent
scatter computed tomography apparatus, a positron
emission computed tomography apparatus, a single pho-
ton emission computed tomography apparatus, ultra
sound apparatus, electron beam tomography apparatus,
magnetic resonance apparatus, and an interventional 3D
rotational X-ray device.

[0067] By use of such an examination apparatus infor-
mation may be provided about an inner structure of an
object.

[0068] It may be seen as the gist of an exemplary em-

bodiment of the present invention that automatically a
phase point is determined, which phase point allows to
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reconstruct a high resolution reproduction to achieve a
good diagnostic image quality. For achieving this high
resolution reproduction, a model is adapted to coarse
reconstructions so that a series of adapted models can
be reconstructed. From this consecutive adapted models
areas of minimum motion can be determined. Toimprove
the quality of the high resolution reproduction preferably
just a portion of the model is selected, leading to better
results then just using global information of motion of the
whole object.

[0069] Also if the reconstruction process uses a struc-
ture different from the structure of interest, the knowledge
about the position of the structure of interest can be used
to focus on a structure nearby the structure of interest.
Since these different structures may have similar motion
properties a pointin time, which is good for reconstructing
the nearby structure may also be good for reconstructing
the structure of interest.

[0070] Thus, the structure of interest may be visible,
even if this structure may not be part of a model used for
reconstruction.

[0071] These and other aspects of the present inven-
tion will become apparent from and elucidated with ref-
erence to the embodiments described hereinafter.
[0072] Exemplary embodiments of the present inven-
tion 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 exem-
plary embodiment of the present invention.

Fig. 2 shows a 3D model representation after adap-
tation to a low resolution 4D data set in an end systo-
lic phase point.

Fig. 3 shows a 3D model representation after adap-
tation to a low resolution 4D data set in an end di-
astolic phase point.

Fig. 4 shows an exemplary embodiment of an image
processing device according to the present inven-
tion, for executing an exemplary embodiment of a
method in accordance with the present invention.
Fig. 5 shows a 3D mesh model with coronaries.
Fig. 6 shows a flow-chart of an exemplary method
according to the present invention.

[0073] Theillustrationin the drawings is schematically.
In different drawings, similar or identical elements are
provided with the same reference numerals.

[0074] Fig. 1 shows an exemplary embodiment of a
computed tomography scanner system according to the
present invention.

[0075] The computer tomography apparatus 100 de-
picted in Fig. 1 is a cone-beam CT scanner. However,
the invention may also be carried out with a fan-beam
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
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such as an X-ray source, which, according to an aspect
of the present invention, emits polychromatic or mono-
chromatic radiation.

[0076] 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 scan-
ner, 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 de-
tecting X-rays which have been scattered by or passed
through the object of interest 107.

[0077] The detector 108 may be a multi slice detector
to increase the resolution in the z axis.

[0078] 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 di-
rection indicated by an arrow 116. For rotation of the gan-
try 101 with the source of radiation 104, the aperture sys-
tem 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,
determination unit or reconstruction unit).

[0079] In Fig. 1, the object of interest 107 is a human
being whichis 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.

[0080] Moreover, an electrocardiogram (ECG) 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 de-
tector 108. The data sets detected by detector 108 are
transmitted to the control unit 118 via interface or input
terminal 142. The data related to the measured electro-
cardiogram are transmitted to the control unit 118 via
interface or input terminal 140.

[0081] Further, it shall be emphasized that, as an al-
ternative to the cone-beam configuration shown in Fig.
1, the invention can be realized by a fan-beam configu-
ration. In order to generate a primary fan-beam, the ap-
erture system 105 can be configured as a slit collimator.
[0082] The detector 108 is connected to the control
unit 118. The control unit 118 receives the detection result
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in the form of a sequence of data sets, 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.

[0083] The control unit 118 may be adapted for recon-
structing an image from read-outs or data sets of the
detector 108. A reconstructed image or fine reproduction
generated by the control unit 118 may be output to a
display or graphical user-interface 121.

[0084] The graphical user-interface 121 is connected
to the interface or output terminal 144. The output 144
provides a bidirectional communication with the recon-
struction unit 118. Therefore information can be dis-
played and control signals can be sent to the reconstruc-
tion unit.

[0085] Instead or in addition to the graphical user-in-
terface 121 the reconstructed image, which may also be
adigitalimage, is provided to a storage device (not shown
in Fig. 1) or a data communication network. The data
communication network may be an ATM (asynchronous
transfer mode) or Ethernet based network and providing
telemedicine applications.

[0086] The control unit 118 may be realized by a data
processor to process read-outs from the detector ele-
ments 123 of the detector 108.

[0087] 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. Simultaneous-
ly, an electrocardiogram is measured by the electrocar-
diogram unit 135. After having acquired these data, the
data are transferred to the control unit 118, and the meas-
ured data may be analyzed retrospectively.

[0088] The measured data, namely the cardiac com-
puter tomography data and the electrocardiogram data
are processed by the reconstruction unit 118 which may
be further controlled via a graphical user-interface (GUI)
121. This retrospective analysis is based on a helical
cardiac cone beam reconstruction scheme using retro-
spectively gating. It should be noted, however, that the
present invention is not limited to this specific data ac-
quisition and reconstruction.

[0089] The reconstruction unit 118 is adapted to ana-
lyze the multi-cycle cardiac computer tomography data
detected by attenuating X-rays passing the heart 130 in
the following manner, to automatically calculate phase
points for spatially different cardiac structures using a
model. A sequence of data sets is received from detector
108. The data sets represent structural information of the
heart 130. In parallel scheduling information related to

10

15

20

25

30

35

40

45

50

55

the data sets of the sequence of data sets is received by
the reconstruction unit 118 from ECG 135. Then a se-
quence of coarse reconstructions of the heart 130 is re-
consructed by using the sequence of data sets and the
scheduling information.

[0090] A sequence of adapted models of the heart 130
is generated by adapting a respective model to each of
the coarse reconstructions. Then a motion of a predeter-
mined portion of each of the adapted models is deter-
mined and a specific data set of the sequence of data
sets is selected. This specific data set corresponds to
the adapted model with the minimum motion of the pre-
determined portion. Then a fine reproduction of at least
the part of the object is reconstructed using the specific
data set and the fine reproduction is displayed on the
graphical user-interface 121 or sent to a remote graphical
user-interface via a network.

[0091] In other words this means, that an automatic
method is described to determine patient and anatomy
selective optimal phase points in a fully automatic man-
ner.

[0092] Afterthe acquisition of the cardiac CT projection
data set with parallel ECG 135 recording, a straightfor-
ward 4D reconstruction of the complete cardiac volume
at low spatial resolution is performed. This data set may
consist e.g. of 643 or 1283 voxels and 20 to 50 different
phases within the cardiac cycle. A 4D reconstruction is
a reconstruction that combines a 3D image with the
scheduling information as a fourth dimension.

[0093] Subsequently, a cardiac model consisting of
adaptive shapes of the main compartments of the heart
is fitted into one of the phases and propagated through
the complete 4D data set. For all different phases the
shape is adapted to the low resolution image data. Since
the points used for the description of the model are as-
signed to the different compartments of the cardiac anat-
omy, their position can be tracked through the complete
4D data set.

[0094] As a measurement for the optimal phase point
for the reconstruction of a certain cardiac structure, the
absolute length of all motion vectors of all points belong-
ing to this part of the model may be suitable. The minimum
of this function than delivers the optimal phase point. Oth-
er measures are imaginable.

[0095] After having calculated the phase point for the
cardiac structure of interest, this phase point is used in
a high resolution reconstruction to achieve high diagnos-
tic image quality.

[0096] The phase point may be good for structures like
the coronaries, which may not directly be part of the mod-
el, to be determined by the phase point of their underlying
structure or a structure nearby the coronaries.

[0097] Thus, phase points for different cardiac com-
partments for cardiac CT reconstruction can be deter-
mined. The detection can be performed for patient se-
lective phase point for different coronary artery seg-
ments. Thus, patient individual characteristics of the car-
diac phase can be regarded and a phase point can be
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derived in an anatomy selective manner. It is known from
the statistical analysis of a large amount of cardiacimage
data sets that e.g. the right and the left coronary artery
have their resting phase at different positions within the
RR interval. The RR interval is the duration from the ap-
pearance of a R impulse in an ECG recording to the next
R impulse. The R impulse shows in an ECG plot the start
of a cardiac cycle. Usually 10 - 20 % of the cardiac cycle
after the appearance of the R impulse, the maximum mo-
tion of the heart may be expected, i.e. the phase of the
compression of the left ventricle. In the close neighbour-
hood of the Rimpulse less motion may be expected since
the contraction of the atrium is finished.

[0098] Fig. 2 shows a 3D model representation after
adaptation to a low resolution 4D data setin an end systo-
lic phase point. In Fig. 2 different compartments 201,
202, 203 and 204 are shown in an end systolic phase
point. The mesh model 206 comprises a plurality of edges
207 and lines 208 building triangular structures. The tri-
angular structures represent the structure of the relevant
compartment taken from a coarse reconstruction.
[0099] E.g.compartment 201’ represents the left ven-
tricle at the end systolic phase point.

[0100] Areference point205’is shown in Fig. 2. Track-
ing the motion of the reference point 205’ allows to de-
termine the motion of a portion of the mesh model 206
the reference point 205’ is belonging to.

[0101] Fig. 3 shows a 3D model representation after
adaptation to a low resolution 4D data set in an end di-
astolic phase point. In comparison with Fig. 2 it can be
seen that the left ventricle 205" has a larger volume than
the left ventricle 205’ of Fig. 2. It can also be seen from
Fig. 3 that reference point 205" has moved. Thus, by
tracking the trajectory of reference point 205 and
205" and the calculation of the motion vectors in the rel-
evant phases would indicate area of high motion. There-
fore end systolic or end diastolic phase points may not
applicable for a fine reproduction for the portion of the
object 130 the reference point 205’ is part of.

[0102] Fig. 4 depicts an exemplary embodiment of a
data processing device 118 orreconstruction unitaccord-
ing to the present invention for executing an exemplary
embodiment of a method in accordance with the present
invention. The data processing device 118 depicted in
Fig. 4 comprises a central processing unit (CPU) orimage
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 networks or diag-
nosis devices, such as a CT device. The data processor
401 may furthermore be connected to a display device
403, for example, a computer monitor or a graphical user-
interface, for displaying information or an image comput-
ed or adapted in the data processor 401. An operator or
user may interact with the data processor 401 via a key-
board 404 and/or other output devices, which are not
depicted in Fig. 4.

[0103] Furthermore, via the bus system 405, it may
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also be possible to connect the image processing and
control processor 401 to, for example, an ECG 135 and
detector 108.

[0104] Fig. 5shows a 3D mesh model with coronaries.
The mesh model 503 is a model of the object of interest
130, e.g. the heart of a patient 107. The model of Fig. 5
is a basic model that is not adapted to patient individual
anatomy.

[0105] The mesh model 503 has edges 207 and lines
208. By providing edges 207 and lines 208 the model
has a computer readable and computer processable for-
mat, which may allow to adapt the model to an image of
the heart by means of the computer. The compartments
201, 202, 203 and 204 are modelled and can be adapted
to the relevant structures on a corresponding image. Ad-
ditional the coronaries 501 and 502 are shown which lay
in the neighbourhood of the compartments 201 and 202.
The left ventricle 201 is the underlying structure of coro-
nary 501 which provides a plurality of branches. The com-
partment 202 is the underlying structure of coronary 502.
The left ventricle 201 in Fig. 2 and Fig. 3 is labelled with
201’ and 201" to show the different phases in which the
left ventricle is depicted and to show the different sizes
of the left ventricle in the different phases of the cardiac
cycle.

[0106] The coronaries 501 and 502 may be not visible
on a coarse reproduction. But determining a fine repro-
duction of the relevant compartments 201 and 202 can
make the coronaries 501, 502 visible on the fine repro-
duction.

[0107] Fig. 6 shows aflow-chart of an exemplary meth-
od according to the present invention. The method starts
with recording of a sequence of data sets in step S1 and
with parallel recording of scheduling information in the
form of ECG recording S2.

[0108] Theninstep S3 a 4D coarse reconstructions of
a sequence of cardiac volume is performed at low spatial
resolution. For the reconstruction the data sets and the
scheduling information of the ECG is combined.

[0109] After the reconstruction of the sequence of
coarse reconstructions in step S4 a model is adapted to
the coarse reconstructions and a sequence of adapted
models is determined. Using these models allows to de-
termine motion vectors.

[0110] Instep S5 the minimum length of all motion vec-
tors belonging to a part of the model is determined. With
this information about the minimum motion an adequate
phase point can be determined.

[0111] The phase point calculated in step S5 can be
used in step S6 tofind out the relevant data set belonging
to the phase point. This data set is used to reconstruct a
fine reconstruction. Preferred embodiments of the inven-
tion may be distributed as a software option to CT scan-
ner console, imaging workstations or PACS worksta-
tions.

[0112] 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 de-
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scribed in association with different embodiments may
be combined.
[0113] It should also be noted that reference signs in
the claims shall not be construed as limiting the scope
of the claims.

Claims

1. Animagereconstruction unit for reconstructingafine
reproduction of at least a part (501,502) of an object
(130), wherein the reconstruction unit (118) is adapt-
ed for:

receiving a sequence of measured data sets
measured by an examination apparatus, the da-
ta sets representing structural information of the
object (130);

receiving scheduling information from a time
scheduling unit (135), said scheduling informa-
tion related to a sequencing of the sequence of
data sets;

reconstructing a sequence of coarse recon-
structions of the object (130) by using the se-
quence of data sets and the scheduling informa-
tion;

detecting sub-structures in the sequence of
coarse reconstructions by processing the se-
quence of coarse reconstructions;

generating a sequence of adapted shape mod-
els (206) of the object (130) by adapting a de-
formable shape model (503) to the detected sub-
structures of each of the coarse reconstructions;
determining a motion of a predetermined portion
(205’), which is neighboured to a part (501,502)
of the object to be reconstructed, of each of the
adapted shape models (206);

selecting a specific data set of the sequence of
data sets, wherein the specific data set corre-
sponds to the adapted shape model (206) with
the minimum motion of the predetermined por-
tion; and

reconstructing the fine reproduction of at least
the part (501,502) of the object (130) using the
specific data set, and

wherein the part of the object is a coronary of a
heart and wherein the predetermined portion
corresponds to the left or right ventricle of the
human heart and wherein the time scheduling
unit (135) is an ECG device.

2. The reconstruction unit of claim 1, wherein the re-
construction unit is adapted to process scheduling
information which is a sequence of points in time.

3. The reconstruction unit of claim 2, wherein the re-
construction unit is adapted to process scheduling
information which is a sequence of phase points.
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8.

The reconstruction unit of claim 3, wherein the phase
points are phase points of a cardiac phase.

The reconstruction unit of one of the claims 1 to 4,
wherein the time scheduling unit (135) is an ECG
device, wherein the reconstruction unit is adapted
for receiving scheduling information from an ECG
recording.

The reconstruction unit of one of the claims 1 to 5,
wherein the reconstruction unit is adapted to process
a sequence of data sets, which is a sequence of CT
projection data sets.

The reconstruction unit of one of the claims 1 to 6,
wherein the reconstruction unitis adapted for select-
ing the specific data set of the predetermined portion
with minimum motion by:

generating a set of motion vectors belonging to
the predetermined portion of the shape model,
wherein the set of motion vectors is generated
at each of the adapted models (206);

determining the minimum of the absolute length
of the set of motion vectors of the predetermined
portion of the adapted models (206).

A computer-implemented method for image recon-
structing a fine reproduction of at least a part
(501,502) of an object (130), the method comprising:

receiving a sequence of measured data sets
measured by an examination apparatus, the da-
ta sets representing structural information of the
object (130);

receiving scheduling information from a time
scheduling unit (135), said scheduling informa-
tion related to a sequencing of the sequence of
data sets;

reconstructing a sequence of coarse recon-
structions of the object (130) by using the se-
quence of data sets and the scheduling informa-
tion;

detecting sub-structures in the sequence of
coarse reconstructions by processing the se-
quence of coarse reconstructions;

generating a sequence of adapted shape mod-
els (206) of the object (130) by adapting a de-
formable shape model (503) to the detected sub-
structures of each of the coarse reconstruc-
tions,;

determining a motion of a predetermined portion
(205’), which is neighboured to a part (501,502)
of the object to be reconstructed, of each of the
adapted shape models (206);

selecting a specific data set of the sequence of
data sets, wherein the specific data set corre-
sponds to the shape adapted model (206) with



10.

1.

12.

17 EP 1 965 703 B1 18

the minimum motion of the predetermined por-
tion; and

reconstructing the fine reproduction of at least
the part (501,502) of the object (130) using the
specific data set, and

wherein the part of the object is a coronary of a
heart and wherein the predetermined portion
corresponds to the left or right ventricle of the
human heart and wherein the time scheduling
unit (135) is an ECG device.

An examination apparatus for reconstructing a fine
reproduction of at least a part (501,502) of an object,
the examination apparatus comprising:

a reconstruction unit (118) of one of the claims
1t0 7;

a detector unit (108);

the time scheduling unit (135);

wherein the detector unit (108) is connected to the
reconstruction unit (118);

wherein the time scheduling unit 108 is connect-
ed to the reconstruction unit (118);

wherein the detector unit (108) is adapted for pro-
viding the data set containing structural information
about the object (130);

wherein the time scheduling unit (135) is adapted for
providing the scheduling information related to the
data set.

The examination apparatus of claim 9, further com-
prising:

a memory unit (402);

wherein the memory unit (402) is adapted for storing
the sequence of data sets and the scheduling infor-
mation.

The examination apparatus of claim 9 or 10, further
comprising:

a graphical user-interface (121);

wherein the graphical user interface (121) is adapted
for controlling the examination apparatus.

The examination apparatus of one of the claims 9 to
11, wherein the examination apparatus is at least
one selected of the group consisting of a material
testing apparatus, a baggage inspection apparatus,
a medical application apparatus, a computer tomog-
raphy apparatus, a coherent scatter computed tom-
ography apparatus, a positron emission computed
tomography apparatus, a single photon emission
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14.

computed tomography apparatus, ultra sound appa-
ratus, electron beam tomography apparatus, mag-
netic resonance apparatus, and an interventional 3D
rotational X-ray device.

A computer-readable medium, in which a computer
program forimage reconstructing a fine reproduction
of at least a part (501,502) of an object is stored,
which, when being executed by a processor, is
adapted to carry out:

receiving a sequence of measured data sets
measured by an examination apparatus, the da-
ta sets representing structural information of the
object (130);

receiving scheduling information from a time
scheduling unit (135), said scheduling informa-
tion related to a sequencing of the sequence of
data sets;

reconstructing a sequence of coarse recon-
structions of the object (130) by using the se-
quence of data sets and the scheduling informa-
tion;

detecting sub-structures in the sequence of
coarse reconstructions by processing the se-
quence of coarse reconstructions;

generating a sequence of adapted shape mod-
els (206) of the object (130) by adapting a de-
formable shape model (503) to the detected sub-
structures of each of the coarse reconstructions;
determining a motion of a predetermined portion
(205’), which is neighboured to a part (501,502)
of the object to be reconstructed, of each of the
adapted shape models (206);

selecting a specific data set of the sequence of
data sets, wherein the specific data set corre-
sponds to the adapted shape model (206) with
the minimum motion of the predetermined por-
tion; and

reconstructing the fine reproduction of at least
the part (501,502) of the object (130) using the
specific data set, and

wherein the part of the object is a coronary of a
heart and wherein the predetermined portion
corresponds to the left or right ventricle of the
human heart and wherein the time scheduling
unit (135) is an ECG device.

A program element for image reconstructing a fine
reproduction of atleast a part (501,502) of the object,
which, when being executed by a processor, is
adapted to carry out:

receiving a sequence of measured data sets
measured by an examination apparatus, the da-
ta sets representing structural information of the
object (130);

receiving scheduling information from a time
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scheduling unit (135), said scheduling informa-
tion related to a sequencing of the sequence of
data sets;

reconstructing a sequence of coarse recon-
structions of the object (130) by using the se-
quence of data sets and the scheduling informa-
tion;

detecting sub-structures in the sequence of
coarse reconstructions by processing the se-
quence of coarse reconstructions;

generating a sequence of adapted shape mod-
els (206) of the object (130) by adapting a de-
formable shape model (503) to the detected sub-
structures of each of the coarse reconstructions;
determining a motion of a predetermined portion
(205’), which is neighboured to a part (501,502)
of the object to be reconstructed, of each of the
adapted shape models (206);

selecting a specific data set of the sequence of
data sets, wherein the specific data set corre-
sponds to the adapted shape model (206) with
the minimum motion of the predetermined por-
tion; and

reconstructing the fine reproduction of at least
the part (501,502) of the object (130) using the
specific data set, and

wherein the part of the object is a coronary of a
heart and wherein the predetermined portion
corresponds to the left or right ventricle of the
human heart and wherein the time scheduling
unit (135) is an ECG device.

Patentanspriiche

Bildrekonstruktionseinheit zur Rekonstruierung ei-
ner Feinreproduktion von zumindest einem Teil
(501,502) eines Objekts (130), wobei die Rekonst-
ruktionseinheit (118) so eingerichtet ist, dass sie:

eine Sequenz von, von einer Untersuchungs-
vorrichtung gemessenen Messdatensatzen
empfangt, wobei die Datensatze strukturelle In-
formationen des Objekts (130) darstellen;
Planungsinformationen von einer Zeitplanungs-
einheit (135) empfangt, wobei die Planungsin-
formationen auf eine Sequenzierung der Se-
quenz von Datenséatzen bezogen sind;

eine Sequenzvon groben Rekonstruktionendes
Objekts (130) unter Verwendung der Sequenz
von Datensatzen und der Planungsinformatio-
nen rekonstruiert;

Substrukturen in der Sequenz von groben Re-
konstruktionen durch Verarbeiten der Sequenz
von groben Rekonstruktionen detektiert;

eine Sequenz von adaptierten Formmodellen
(206) des Objekts (130) durch Adaptieren eines
deformierbaren Formmodells (503) an die de-
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tektierten Substrukturen von jeder der groben
Rekonstruktionen erzeugt;

eine Bewegung eines vorher festgelegten Ab-
schnitts (205’), der an einen zu rekonstruieren-
den Teil (501,502) des Objekts angrenzt, von
jedem der adaptierten Formmodelle (206) ermit-
telt;

einen spezifischen Datensatz der Sequenz von
Datensatzen auswahlt, wobei der spezifische
Datensatz dem adaptierten Formmodell (206)
mit der minimalen Bewegung des vorher fest-
gelegten Abschnitts entspricht; und

die Feinreproduktion von zumindest dem Teil
(501,502) des Objekts (130) unter Verwendung
des spezifischen Datensatzes rekonstruiert,
und

wobei es sich bei dem Teil des Objekts um einen
koronaren Teil eines Herzens handelt, und wo-
bei der vorher festgelegte Abschnitt der linken
oder rechten Herzkammer des menschlichen
Herzens entspricht, und wobei die Zeitpla-
nungseinheit (135) ein EKG-Gerat ist.

Rekonstruktionseinheit nach Anspruch 1, wobei die
Rekonstruktionseinheit so eingerichtet ist, dass sie
Planungsinformationen, die eine Sequenz von Zeit-
punkten darstellen, verarbeitet.

Rekonstruktionseinheit nach Anspruch 2, wobei die
Rekonstruktionseinheit so eingerichtet ist, dass sie
Planungsinformationen, die eine Sequenz von Pha-
senpunkten darstellen, verarbeitet.

Rekonstruktionseinheit nach Anspruch 3, wobei es
sich bei den Phasenpunkten um Phasenpunkte ei-
ner kardialen Phase handelt.

Rekonstruktionseinheit nach einem der Anspriiche
1 bis 4, wobei die Zeitplanungseinheit (135) ein EKG-
Gerét ist, wobei die Rekonstruktionseinheit so ein-
gerichtetist, dass sie Planungsinformationen aus ei-
ner EKG-Aufzeichnung empfangt.

Rekonstruktionseinheit nach einem der Anspriiche
1 bis 5, wobei die Rekonstruktionseinheit so einge-
richtet ist, dass sie eine Sequenz von Datensatzen
verarbeitet, bei der es sich um eine Sequenz von
CT-Projektionsdatensatzen handelt.

Rekonstruktionseinheit nach einem der Anspriiche
1 bis 6, wobei die Rekonstruktionseinheit so einge-
richtet ist, dass sie den spezifischen Datensatz des
vorher festgelegten Abschnitts mit minimaler Bewe-
gung auswahlt durch:

Erzeugen eines Satzes von Bewegungsvekto-
ren, die zu dem vorher festgelegten Abschnitt
des Formmodells gehéren, wobei der Satz von
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Bewegungsvektoren bei jedem der adaptierten
Modelle (206) erzeugt wird;

Ermitteln des Minimums der absoluten Lénge
des Satzes von Bewegungsvektoren des vorher
festgelegten Abschnitts der adaptierten Modelle
(206).

Computerimplementiertes Verfahren zur Bildrekon-
struierung einer Feinreproduktion von zumindest ei-
nem Teil (501,502) eines Objekts (130), wobei das
Verfahren die folgenden Schritte umfasst, wonach:

eine Sequenz von, von einer Untersuchungs-
vorrichtung gemessenen Messdatensatzen
empfangen wird, wobei die Datenséatze Struktu-
rinformationen des Objekts (130) darstellen;
Planungsinformationen von einer Zeitplanungs-
einheit (135) empfangen werden, wobei die Pla-
nungsinformationen auf eine Sequenzierung
der Sequenz von Datensatzen bezogen sind;
eine Sequenzvon groben Rekonstruktionendes
Objekts (130) unter Verwendung der Sequenz
von Datensatzen und der Planungsinformatio-
nen rekonstruiert wird;

Substrukturen in der Sequenz von groben Re-
konstruktionen durch Verarbeiten der Sequenz
von groben Rekonstruktionen detektiert wer-
den;

eine Sequenz von adaptierten Formmodellen
(206) des Objekts (130) durch Adaptieren eines
deformierbaren Formmodells (503) an die de-
tektierten Substrukturen von jeder der groben
Rekonstruktionen erzeugt wird;

eine Bewegung eines vorher festgelegten Ab-
schnitts (205’), der an einen zu rekonstruieren-
den Teil (501,502) des Objekts angrenzt, von
jedemder adaptierten Formmodelle (206) ermit-
telt wird;

ein spezifischer Datensatz der Sequenz von Da-
tensatzen ausgewahlt wird, wobei der spezifi-
sche Datensatz dem formadaptierten Modell
(206) mit der minimalen Bewegung des vorher
festgelegten Abschnitts entspricht; und

die Feinreproduktion von zumindest dem Teil
(501,502) des Objekts (130) unter Verwendung
des spezifischen Datensatzes rekonstruiert
wird, und

wobei es sich beidem Teil des Objekts um einen
koronaren Teil eines Herzens handelt, und wo-
bei der vorher festgelegte Abschnitt der linken
oder rechten Herzkammer des menschlichen
Herzens entspricht, und wobei die Zeitpla-
nungseinheit (135) ein EKG-Gerét ist.

Untersuchungsvorrichtung zur Rekonstruierung ei-
ner Feinreproduktion von zumindest einem Teil
(501,502) eines Objekts, wobei die Untersuchungs-
vorrichtung umfasst:
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eine Rekonstruktionseinheit (118) nach einem
der Anspriche 1 bis 7;

eine Detektoreinheit (108);

eine Zeitplanungseinheit (135);

wobei die Detektoreinheit (108) mit der Rekon-
struktionseinheit (118) verbunden ist;

wobei die Zeitplanungseinheit (135) mit der Re-
konstruktionseinheit (118) verbunden ist;
wobei die Detektoreinheit (108) so eingerichtet
ist, dass sie den, strukturelle Informationen tiber
das Objekt (130) enthaltenden Datensatz bereit-
stellt;

wobei die Zeitplanungseinheit (135) so einge-
richtet ist, dass sie die auf den Datensatz bezo-
genen Planungsinformationen bereitstellt.

Untersuchungsvorrichtung nach Anspruch 9, weiter-
hin umfassend:

eine Speichereinheit (402);

wobei die Speichereinheit (402) so eingerichtet
ist, dass sie die Sequenz von Datensatzen so-
wie die Planungsinformationen speichert.

Untersuchungsvorrichtung nach Anspruch 9 oder
10, weiterhin umfassend:

eine grafische Benutzeroberflache (121);

wobei die grafische Benutzeroberflache (121) so
eingerichtet ist, dass sie die Untersuchungsvorrich-
tung steuert.

Untersuchungsvorrichtung nach einem der Anspru-
che 9 bis 11, wobei die Untersuchungsvorrichtung
mindestens eine solche ist, die aus der Gruppe, be-
stehend aus einer Materialpriifungsvorrichtung, ei-
ner Gepackkontrollvorrichtung, einer Vorrichtung fur
medizinische Anwendungen, einer Computertomo-
graphievorrichtung, einer Computertomographie-
vorrichtung mit koharenter Streustrahlung, einer Po-
sitronen-Emissions-Computertomographievorrich-
tung, einer Einzelphotonen-Emissions-Computerto-
mographievorrichtung, einer Ultraschallvorrichtung,
einer Elektronenstrahltomographievorrichtung, ei-
ner Magnetresonanzvorrichtung sowie einer inter-
ventionellen 3D-Rotationsréntgenvorrichtung, aus-
gewahlt wird.

Computerlesbares Medium, in dem ein Computer-
programm zur Bildrekonstruierung einer Feinrepro-
duktion von zumindest einem Teil (501,502) eines
Objekts gespeichert wird, das bei Ausfiihrung durch
einen Prozessor so eingerichtet ist, dass es;

eine Sequenz von, von einer Untersuchungsvorrich-
tung gemessenen Messdatensatzen empfangt, wo-
bei die Datensatze strukturelle Informationen des
Objekts (130) darstellen;
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Planungsinformationen von einer Zeitplanungsein-
heit (135) empfangt, wobei die Planungsinformatio-
nen auf eine Sequenzierung der Sequenz von Da-
tensatzen bezogen sind;

eine Sequenz von groben Rekonstruktionen des Ob-
jekts (130) unter Verwendung der Sequenz von Da-
tenséatzen und der Planungsinformationen rekonst-
ruiert;

Substrukturen in der Sequenz von groben Rekons-
truktionen durch Verarbeiten der Sequenz von gro-
ben Rekonstruktionen detektiert;

eine Sequenz von adaptierten Formmodellen (206)
des Objekts (130) durch Adaptieren eines deformier-
baren Formmodells (503) an die detektierten Sub-
strukturen von jeder der groben Rekonstruktionen
erzeugt;

eine Bewegung eines vorher festgelegten Ab-
schnitts (205’), der an einen zu rekonstruierenden
Teil (501,502) des Objekts angrenzt, von jedem der
adaptierten Formmodelle (206) ermittelt;

einen spezifischen Datensatz der Sequenz von Da-
tensatzen auswahlt, wobei der spezifische Daten-
satz dem adaptierten Formmodell (206) mit der mi-
nimalen Bewegung des vorher festgelegten Ab-
schnitts entspricht; und

die Feinreproduktion von zumindest dem Teil
(501,502) des Objekts (130) unter Verwendung des
spezifischen Datensatzes rekonstruiert, und

wobei es sich bei dem Teil des Objekts um einen
koronaren Teil eines Herzens handelt, und wobei
der vorher festgelegte Abschnitt der linken oder
rechten Herzkammer des menschlichen Herzens
entspricht, und wobei die Zeitplanungseinheit (135)
ein EKG-Gerét ist.

Programmelement zur Bildrekonstruierung einer
Feinreproduktion von zumindest einem Teil
(501,502) des Objekts, das bei Ausfiihrung durch
einen Prozessor so eingerichtet ist, dass es die fol-
genden Schritte ausfiihrt, wonach es:

eine Sequenz von, von einer Untersuchungs-
vorrichtung gemessenen Messdatensatzen
empfangt, wobei die Datensatze strukturelle In-
formationen des Objekts (130) darstellen;
Planungsinformationen von einer Zeitplanungs-
einheit (135) empfangt, wobei die Planungsin-
formationen auf eine Sequenzierung der Se-
quenz von Datenséatzen bezogen sind;

eine Sequenzvon groben Rekonstruktionendes
Objekts (130) unter Verwendung der Sequenz
von Datensatzen und der Planungsinformatio-
nen rekonstruiert;

Substrukturen in der Sequenz von groben Re-
konstruktionen durch Verarbeiten der Sequenz
von groben Rekonstruktionen detektiert;

eine Sequenz von adaptierten Formmodellen
(206) des Objekts (130) durch Adaptieren eines
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deformierbaren Formmodells (503) an die de-
tektierten Substrukturen von jeder der groben
Rekonstruktionen erzeugt;

eine Bewegung eines vorher festgelegten Ab-
schnitts (205’), der an einen zu rekonstruieren-
den Teil (501,502) des Objekts angrenzt, von
jedem der adaptierten Formmodelle (206) ermit-
telt;

einen spezifischen Datensatz der Sequenz von
Datensatzen auswahlt, wobei der spezifische
Datensatz dem adaptierten Formmodell (206)
mit der minimalen Bewegung des vorher fest-
gelegten Abschnitts entspricht; und

die Feinreproduktion von zumindest dem Teil
(501,502) des Objekts (130) unter Verwendung
des spezifischen Datensatzes rekonstruiert,
und

wobei es sich bei dem Teil des Objekts um einen
koronaren Teil eines Herzens handelt, und wo-
bei der vorher festgelegte Abschnitt der linken
oder rechten Herzkammer des menschlichen
Herzens entspricht, und wobei die Zeitpla-
nungseinheit (135) ein EKG-Gerét ist.

Revendications

Unité de reconstruction d’image pour reconstruire
une reproduction fine d’au moins une partie (501,
502) d’unobjet (130), dans laquelle I'unité de recons-
truction (118) est adaptée pour :

recevoir une séquence d’ensembles de don-
nées mesurées mesurés par un appareil d’exa-
men, les ensembles de données représentant
des informations structurelles de 'objet (130) ;
recevoir des informations d’'ordonnancementen
provenance d’une unité d’ordonnancement
temporel (135), lesdites informations d’ordon-
nancement se rapportant a un séquengage de
la séquence d’ensembles de données ;
reconstruire une séquence de reconstructions
grossiéres de I'objet (130) en utilisant la séquen-
ce d’ensembles de données et les informations
d’ordonnancement ;

détecter des sous-structures dans la séquence
de reconstructions grossiéres en traitant la sé-
quence de reconstructions grossiéres ;
générer une séquence de modeles de forme
adaptés (206) de I'objet (130) en adaptant un
modele de forme déformable (503) aux sous-
structures détectées de chacune des recons-
tructions grossieres ;

déterminer un mouvement d’une portion prédé-
terminée (205’), qui est voisine d’une partie
(501, 502) de l'objet a reconstruire, de chacun
des modeles de forme adaptés (206) ;
sélectionner un ensemble de données spécifi-
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ques de la séquence d’ensembles de données,
dans laquelle 'ensemble de données spécifique
correspond au modele de forme adapté (206)
avec le mouvement minimum de la portion
prédéterminée ; et

reconstruire la reproduction fine d’au moins la
partie (501, 502) de I'objet (130) a I'aide de I'en-
semble de données spécifique, et

dans laquelle la partie de I'objet est un coronaire
d’un coeur et dans laquelle la portion prédéter-
minée correspond au ventricule gauche ou droit
du coeur humain et dans laquelle 'unité d’or-
donnancement temporel (135) est un dispositif
d’ECG.

Unité de reconstruction selon la revendication 1,
dans laquelle I'unité de reconstruction est adaptée
pour traiter des informations d’ordonnancement qui
sont une séquence de points dans le temps.

Unité de reconstruction selon la revendication 2,
dans laquelle I'unité de reconstruction est adaptée
pour traiter des informations d’ordonnancement qui
sont une séquence de points de phase.

Unité de reconstruction selon la revendication 3,
dans laquelle les points de phase sont des points de
phase d’'une phase cardiaque.

Unité de reconstruction selon 'une des revendica-
tions 1 a 4, dans laquelle I'unité d’ordonnancement
temporel (135) estun dispositif d’ECG, dans laquelle
'unité de reconstruction est adaptée pour recevoir
des informations d’'ordonnancement en provenance
d’'un enregistrement d’'ECG.

Unité de reconstruction selon I'une des revendica-
tions 1 a 5, dans laquelle l'unité de reconstruction
est adaptée pour traiter une séquence d’ensembles
de données, qui est une séquence d’ensembles de
données de projection CT.

Unité de reconstruction selon I'une des revendica-
tions 1 a 6, dans laquelle I'unité de reconstruction
est adaptée pour sélectionner 'ensemble de don-
nées spécifique de la portion prédéterminée avec un
mouvement minimum en :

générant un ensemble de vecteurs de mouve-
ment appartenant a la portion prédéterminée du
modéle de forme, dans laquelle 'ensemble de
vecteurs de mouvement est généré au niveau
de chacun des modeles adaptés (206) ;
déterminant le minimum de la longueur absolue
de I'ensemble de vecteurs de mouvement de la
portion prédéterminée des modéles adaptés
(2086).
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8.

9.

Procédé mis en oeuvre par ordinateur pour la re-
construction en image d’une reproduction fine d’au
moins une partie (501, 502) d’un objet (130), le pro-
cédé comprenant :

la réception d’'une séquence d’ensembles de
données mesurées mesurés par un appareil
d’examen, les ensembles de données représen-
tant des informations structurelles de I'objet
(130) ;

la réception d’informations d’ordonnancement
en provenance d’'une unité d’'ordonnancement
temporel (135), lesdites informations d’ordon-
nancement se rapportant a un séquengage de
la séquence d’ensembles de données ;
lareconstruction d’'une séquence de reconstruc-
tions grossieres de I'objet (130) en utilisant la
séquence d’ensembles de données et les infor-
mations d’ordonnancement ;

la détection de sous-structures dans la séquen-
ce de reconstructions grossiéres en traitant la
séquence de reconstructions grossieres ;

la génération d’'une séquence de modéles de
forme adaptés (206) de I'objet (130) en adaptant
un modéle de forme déformable (503) aux sous-
structures détectées de chacune des recons-
tructions grossieres ;

la détermination d’'un mouvement d’une portion
prédéterminée (205’), qui est voisine d’'une par-
tie (501,502) de I'objeta reconstruire, de chacun
des modeles de forme adaptés (206) ;

la sélection d’'un ensemble de données spécifi-
ques de la séquence d’ensembles de données,
danslaquelle 'ensemble de données spécifique
correspond au modele de forme adapté (206)
avec le mouvement minimum de la portion
prédéterminée ; et

la reconstruction de la reproduction fine d’au
moins la partie (501, 502) de I'objet (130) a l'aide
de I'ensemble de données spécifique, et

dans lequel la partie de I'objet est un coronaire
d’un coeur et dans lequel la portion prédétermi-
née correspond au ventricule gauche ou droit
du coeur humain et dans lequel I'unité d’ordon-
nancement temporel (135) est un dispositif
d’ECG.

Appareil d’examen pour reconstruire une reproduc-
tion fine d’au moins une partie (501, 502) d’'un objet,
I'appareil d’examen comprenant :

une unité de reconstruction (118) selonl’'une des
revendications 1a 7 ;

une unité de détection (108) ;

I'unité d’ordonnancement temporel (135) ;
dans lequel I'unité de détection (108) est con-
nectée a I'unité de reconstruction (118) ;

dans lequel 'unité d’ordonnancement temporel
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(135) est connectée a I'unité de reconstruction
(118) ;

dans lequel I'unité de détection (108) est adap-
tée pour fournir I'ensemble de données conte-
nant des informations structurelles concernant
I'objet (130) ;

dans lequel 'unité d’ordonnancement temporel
(135) est adaptée pour fournir les informations
d’ordonnancement liées a 'ensemble de don-
nées.

Appareil d’examen selon la revendication 9, com-
prenant en outre :

une unité de mémoire (402) ;

dans lequel 'unité de mémoire (402) est adap-
tée pour stocker la séquence d’ensembles de
données et les informations d’ordonnancement.

Appareil d’'examen selon la revendication 9 ou 10,
comprenant en outre :

une interface utilisateur graphique (121) ;
dans lequel linterface utilisateur graphique
(121) est adaptée pour commander I'appareil
d’examen.

Appareil d’examen selon 'une des revendications 9
a 11, dans lequel I'appareil d’examen est au moins
I'un sélectionné dans le groupe constitué d’un appa-
reil de test de matériel, d’'un appareil d’'inspection de
bagages, d’un appareil d’application médicale, d’un
appareil de tomodensitométrie, d’'un appareil de to-
modensitométrie a diffusion cohérente, d’un appareil
de tomodensitométrie a émission de positrons, d’'un
appareil de tomodensitométrie a émission de photon
unique, d’un appareil a ultrasons, d’'un appareil de
tomographie a faisceau d’électrons, d’'un appareil a
résonance magnétique, et d'un dispositif a rayons X
rotatif en 3D d’intervention.

Support lisible par ordinateur, dans lequel un pro-
gramme informatique pour la reconstruction en ima-
ge d’une reproduction fine d’au moins une partie
(501,502) d’un objet est stocké, qui, lorsqu'il est exé-
cuté par un processeur, est adapté pour réaliser :

la réception d’'une séquence d’ensembles de
données mesurées mesurés par un appareil
d’examen, les ensembles de données représen-
tant des informations structurelles de l'objet
(130) ;

la réception d’informations d’ordonnancement
en provenance d’'une unité d’'ordonnancement
temporel (135), lesdites informations d’ordon-
nancement se rapportant a un séquencgage de
la séquence d’ensembles de données ;
lareconstruction d’une séquence de reconstruc-
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tions grossieres de I'objet (130) en utilisant la
séquence d’ensembles de données et les infor-
mations d’ordonnancement ;

la détection de sous-structures dans la séquen-
ce de reconstructions grossiéres en traitant la
séquence de reconstructions grossieres ;

la génération d’une séquence de modéles de
forme adaptés (206) de I'objet (130) en adaptant
un modéle de forme déformable (503) aux sous-
structures détectées de chacune des recons-
tructions grossieres ;

la détermination d’'un mouvement d’une portion
prédéterminée (205’), qui est voisine d’'une par-
tie (501, 502) deI'objetareconstruire, de chacun
des modeles de forme adaptés (206) ;

la sélection d’'un ensemble de données spécifi-
ques de la séquence d’ensembles de données,
danslaquelle 'ensemble de données spécifique
correspond au modele de forme adapté (206)
avec le mouvement minimum de la portion
prédéterminée ; et

la reconstruction de la reproduction fine d’au
moins la partie (501, 502) de I'objet (130) a l'aide
de I'ensemble de données spécifique, et

dans lequel la partie de I'objet est un coronaire
d’un coeur et dans lequel la portion prédétermi-
née correspond au ventricule gauche ou droit
du coeur humain et dans lequel I'unité d’ordon-
nancement temporel (135) est un dispositif
d’ECG.

14. Elément de programme pour la reconstruction en

image d’une reproduction fine d’au moins une partie
(501, 502) de I'objet, qui, lorsqu’il est exécuté par un
processeur, est adapté pour réaliser :

la réception d’'une séquence d’ensembles de
données mesurées mesurés par un appareil
d’examen, les ensembles de données représen-
tant des informations structurelles de I'objet
(130) ;

la réception d’informations d’ordonnancement
en provenance d’'une unité d’'ordonnancement
temporel (135), lesdites informations d’ordon-
nancement se rapportant a un séquengage de
la séquence d’ensembles de données ;
lareconstruction d’'une séquence de reconstruc-
tions grossieres de I'objet (130) en utilisant la
séquence d’ensembles de données et les infor-
mations d’ordonnancement ;

la détection de sous-structures dans la séquen-
ce de reconstructions grossiéres en traitant la
séquence de reconstructions grossieres ;

la génération d’une séquence de modéles de
forme adaptés (206) de I'objet (130) en adaptant
un modéle de forme déformable (503) aux sous-
structures détectées de chacune des recons-
tructions grossieres ;
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la détermination d’'un mouvement d’'une portion
prédéterminée (205’), qui est voisine d’'une par-
tie (501,502) de l'objet areconstruire, de chacun
des modéles de forme adaptés (206) ;

la sélection d’'un ensemble de données spécifi-
ques de la séquence d’ensembles de données,
dans laquelle 'ensemble de données spécifique
correspond au modeéle de forme adapté (206)
avec le mouvement minimum de la portion
prédéterminée ; et

la reconstruction de la reproduction fine d’au
moins la partie (501, 502) de I'objet (130) al'aide
de 'ensemble de données spécifique, et

dans lequel la partie de I'objet est un coronaire
d’un coeur et dans lequel la portion prédétermi-
née correspond au ventricule gauche ou droit
du coeur humain et dans lequel I'unité d’ordon-
nancement temporel (135) est un dispositif
d’ECG.
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