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ENLARGED ANGULAR GATING WINDOW C-ARM IMAGE ACQUISITION

FIELD OF THE INVENTION
The present invention relates to a C-arm structure for X-ray imaging, an X-ray
imaging system, a method for providing tomographic image data of an object, a computer

readable program element and a computer readable medium.

BACKGROUND OF THE INVENTION

In C-arm X-ray imaging, computer tomographic image data is provided along a
trajectory. For example, in cardiac C-arm CT imaging, cardiac gating may be required during
image reconstruction. This is used, for example, for 3D coronary angiography or 3D whole
heart imaging. For example, document US 2010/0098315 A1 relates to C-arm image
acquisition and describes iterative reconstruction of coronary arteries. However, due to the
slow rotation time of a C-arm system compared to, for example, the temporal length of a
cardiac cycle, cardiac gating with a finite gating window width may lead to an interrupted
projection sequence available for reconstruction. In terms of reconstruction image quality, this
means that by increasing the temporal length of the cardiac gating window, artefacts due to
angular sub-sampling will decrease, while artefacts due to limited temporal resolution will

increase, and vice versa for decreasing gating window length.

SUMMARY OF THE INVENTION

Thus, there is a need to provide C-arm CT image acquisition with enlarged
gating window.

The object of the present invention is solved by the subject-matter of the
independent claims, wherein further embodiments are incorporated in the dependent claims.

It should be noted that the following described aspects of the invention apply
also for the C-arm structure, the X-ray imaging system, the method for providing tomographic
image data of an object, as well as to the computer program element and the computer
readable medium.

According to a first aspect of the present invention, a C-arm structure for X-ray
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imaging is provided, comprising a C-arm, a movable C-arm support, an X-ray source, and an

X-ray detector. The C-arm comprises a first end and a second end, wherein the X-ray source
is mounted to the first end and the detector is mounted to the second end. The C-arm is
mounted to the C-arm support such that the X-ray source and the detector are movable
around an object of interest on respective trajectories. The X-ray source comprises at least a
first focal spot and a second focal spot spaced apart from each other with a focal spot distance
in an offset direction, which offset direction is aligned with the trajectory.

The offset along the trajectory allows the image acquisition from one position
of the X-ray source for an enlarged field of view, namely not only by the acquisition of a first
view from the first focal spot, but also with a second view from the second focal spot
providing an additional angular view. With respect to the image acquisition during a gating
window, for example, the tube may be moved with the same speed, ¢.g. in a stepwise manner,
thus allowing image acquisition from a number of points. However, due to the additional, so-
to-speak, extra view point, in form of the second focal spot, not only a larger number of views
within the gating window can be provided, but also for a larger angular range, namely by the
additional segment provided on behalf of the offset of the second focal spot.

According to an exemplary embodiment, the first and the second focal spot are
positioned on the trajectory of the X-ray source.

According to a further exemplary embodiment, the offset distance and/or the
offset direction are adaptable. For example, they are adapted during a scan along the
trajectory.

According to a further exemplary embodiment, the X-ray source is provided as
a stereo X-ray tube with two focal spots.

According to a further exemplary embodiment, the X-ray source is provided as
a dual energy X-ray tube. For example, a first radiation with first spectra is supplied from the
first focal spot, and a second radiation with second spectra is supplied from the second focal
spot.

For example, the stereo tube may be a dual energy stereo X-ray tube.

Image acquisition may be provided for at least a part of the trajectory. The
trajectory may be a circular arc arranged in a trajectory plane.

The offset distance may be provided in a fixed manner, or in an adaptable or
variable manner. The offset direction may be provided in a fixed manner, or in an adaptable or

variable manner. Thus, the orientation of the offset direction may be adaptable. For example,



10

15

20

25

30

WO 2013/068888 PCT/IB2012/056054

3
the offset direction may be aligned with the tangential of the trajectory.

The trajectory may be a helical trajectory. The trajectory may be provided as a
loop having a saddle-like shape. The trajectory may be in particular a dual axis rotation
trajectory, wherein the trajectory is based on a simultancous propeller and roll movement. For
example, the trajectory is a so-called “XperSwing trajectory” by Philips.

The offset direction may be adaptable relative to the trajectory during the
acquisition, for example the offset direction is rotatable. This can be provided, for example, by
a rotatably mounted X-ray source and/or by electronic deflection thus adapting the positions
of the focal spots.

According to a second aspect of the present invention, an X-ray imaging
system is provided, comprising a C-arm structure according to one of the above mentioned C-
arm structures, a moving arrangement for driving the C-arm structure and a processing unit.
The processing unit is configured to control the moving arranged to actuate the movement of
the X-ray source and the detector along the respective trajectories. The processing unit is
configured to control the X-ray source and the generation of X-ray radiation from the first
focal spot and the second focal spot. The processing unit is configured to control the detector
and to receive raw image data from the detector.

The processing unit may be configured to control the X-ray source to radiate
first X-ray radiation from the first focal spot towards the detector, and to radiate second X-ray
radiation from the second focal spot towards the detector.

According to a third aspect of the present invention, a method for providing
tomographic image data of an object is provided, comprising the following steps:

a) Moving an X-ray source on a first end of a C-arm structure along a source trajectory,
wherein the X-ray source is provided with a first and a second focal spot that are displaced to
cach other with a focal spot distance in an offset direction, which offset direction is aligned
with the trajectory, and simultancously moving a detector on a second end of the C-arm
structure along a corresponding detector trajectory.

b) Radiating an object with first X-ray radiation from the first focal spot towards the
detector, or radiating the object with second X-ray radiation from the second focal spot
towards the detector.

c) Detecting respective X-ray radiation from the first or the second X-ray radiation with
the detector, and providing respective signals as raw image data.

The movement of step a) may be provided continuously.
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The movement may be provided as a constant and uniform movement while

steps b) and c) are performed. Steps b) and ¢) may be provided while step a) is being
performed.

According to an exemplary embodiment, in step b), the first and the second X-
ray radiation are radiated in an alternating manner.

According to a further exemplary embodiment, the first and second X-ray
radiation is provided in a continuous alternating manner and a continuous sampling of raw
image data is provided. A gating signal relating to a function of the object is provided during
the continuous sampling in relation to the raw image data. From the continuously sampled raw
image data, raw image data assigned to a predetermined gating signal phase is selected for a
reconstruction of three-dimensional image data of the object. This is also referred to as
“retrospective” evaluation for sampling.

According to an alternative exemplary embodiment, a gating signal relating to a
function of the object is provided during the movement of the C-arm structure and the
radiation of the object. The radiation and the detection are arranged only within predetermined
gating signal phases. This is also referred to as “prospective” sampling or triggering.

The predetermined gating signal phases may be provided as gating windows. A
number of gating windows may be provided along a predefined trajectory length.

For example, a trajectory of 180° is provided comprising at least five
distributed positions for a gating window, for example twelve gating windows, i.e. twelve
positions for a gating window may be provided.

The gating signal is, for example, an ECG signal of a patient under
examination. The predetermined gating signal phase may be a predetermined section of a heart
cycle, for example 20 % of a heart cycle.

According to an exemplary embodiment, X-ray radiation from one of the two
focal spots is provided from a first number of positions across the whole trajectory. X-ray
radiation by the other one of the two focal spots is provided from a second number of
positions arranged in a number of gating windows across the whole trajectory.

According to a further exemplary embodiment, X-ray radiation from the first
focal spot and the second focal spot is provided only from a number of positions arranged in a
number of gating windows across the trajectory.

According to a further exemplary embodiment, when switching on the second

focal spot only inside cardiac gating windows, a full rotational sequence can be acquired with
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one focal spot at for example 30 frames per second, while inside the gating window, the

second focal spot is added leading to a total frame rate of 60 Hz.

According to a further exemplary embodiment, the offset distance and/or the
offset direction are adapted during a rotational scan. For example, by adjusting the distance,
different speed of the movement can be compensated, for example, during the acceleration at
the beginning and the deceleration at the end of the trajectory.

The tube displacement between two succeeding radiation positions, in which
the first and second radiations are provided each, can be smaller than the focal spot distance.
For example, the moving of step a) is provided in relation to the radiation of step b) such that
a pair of a first and a second effective source position is followed by a subsequent pair of a
first and second effective source position arranged in a displaced manner such that one of the
effective source positions of the subsequent pair is arranged between the former first and
second effective source position and the other one of the effective source positions of the
subsequent pair is arranged outside the displacement of the former first and second effective
source position.

The tube displacement can also be equal to the focal spot distance, for example
in dual energy mode to provide image information relating to both spectra from the same
viewing position. In other words, the focal spots are arranged in an overlapping or matching
manner concerning succeeding (pair-) acquisitions.

The tube displacement can further be larger than the focal spot distance.

According to a further example, X-ray radiation is provided with dual energy
X-ray radiation. For example, the first radiation is supplied with first spectra, and the second
radiation is supplied with second spectra. The spectra analysis can be performed in the
projection space or in the image space.

According to an aspect of the present invention, an enlarged gating window is
provided by providing a second focal spot displaced in the direction of the trajectory. Thus,
while applying the same speed of movement, additional image data of the heart, for example,
may be provided, which improves the projection sequence available for reconstruction, thus
reducing the angular subsampling, i.e. reducing the interrupted effect. Further, also the
temporal width of the gating window may be kept unchanged, although an additional angular
range of the gated projection acquisition is achieved by the second focal spot according to the
present invention.

According to a further aspect, for example the focal spot distance may be up to
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4 cm. Assuming a projection acquisition with for example 30 frames per second, and a

projection acquisition using the focal spot positions in an alternating manner, the subsequent
projections are acquired at an angular distance of about 2.74°. For a coronary angiography
reconstruction in an acquisition with a single focal spot, a cardiac gating window is typically
20 % of'the cardiac cycle length (the RR-interval), which translates into a temporal length of
200 msec for a typical heart rate of 60 beats per minute. A 180° rotational acquisition may be
acquired in 5 to 7 sec and thus the angular range covered inside the gating window is about
5.14° for each gating window (when applying the acquisition in 7 sec). Thus, using a second
focal spot, according to the present invention, and alternating projection acquisition from the
two focal spots, the potential to increase the angular range of the gating window is
approximately 50% at equal temporal resolution of the acquired data. Thus, it is possible to
deliver significantly improved image quality.

These and other aspects of the invention will become apparent from and will be

elucidated with reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
Exemplary embodiments of the invention will be described in the following with

reference to the following drawings.

Fig. 1 schematically shows an X-ray imaging system according to an exemplary
embodiment of the present invention.

Fig. 2 shows a C-arm structure for X-ray imaging according to an exemplary
embodiment of the present invention.

Fig. 3 schematically shows image acquisition along a trajectory with a C-arm
structure according to an exemplary embodiment of the present invention.

Fig. 4 shows a further example of an X-ray image acquisition along a trajectory
with a C-arm structure according to the present invention.

Figs. 5A to 5C schematically describe a further example of a C-arm structure
according to the present invention, and possible trajectories.

Fig. 6 shows basic steps of a method for providing tomographic image data of
an object according to an exemplary embodiment.

Fig. 7 to 10 show further examples of methods according to the present

invention.
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DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 shows an X-ray imaging system 10 with a C-arm structure 12. Further, a
moving arrangement 14 for driving the C-arm structure is provided. Still further, a processing
unit 16 is shown.

The processing unit 16 is provided with interfaces, such as a keyboard 18, a
mouse 20, a graphic tablet 22, as well as further control input unit 24, and a monitor unit 26.
However, it must be noted that according to the present invention, these peripheral interfaces
are not necessarily part of the X-ray imaging system 10. Similar applies to lighting equipment
28 and a further display unit 30.

The C-arm structure 12 for X-ray imaging comprises a C-arm 32, a movable C-
arm support 34, an X-ray source 36, and an X-ray detector 38.

The C-arm 32 comprises a first end 40 and a second end 42. The X-ray source
36 is mounted to the first end 40 and the detector 38 is mounted to the second end 42. The C-
arm 32 is mounted to the C-arm support 34 such that the X-ray source 36 and the detector 38
are movable around an object 44 of interest on respective trajectories 46, which are further
described in relation with Fig. 2.

The X-ray source 36 comprises at least a first focal spot 48 and a second focal
spot 50 spaced apart from each other with a focal spot distance 52 in an offset direction,
indicated with double arrow 54, which offset direction 54 is aligned with the trajectory 46.
This is shown in Fig. 2.

With reference to Fig. 1, it is further noted that the object 44 is provided on an
object support, for example a patient table 56. The patient table 56 can be adjusted in a
longitudinal direction, in height, and also in a rotational manner in the horizontal plane, which
is not further shown, to adjust the position of the object to be arranged in a so-called ISO-
centre, indicated by a first horizontal rotation axis 58 and a second vertical rotation axis 60, a
cross-section 62 thereof being the ISO-centre.

It is noted further, that the present invention also relates to other devices in
which a detector and an X-ray source are arranged opposite to each other such that an object
to be examined can be arranged between the source and the detector, and wherein the detector
and the X-ray source can be moved together in a common movement. For example, such X-
ray detector and X-ray source arrangement and the respective movement can also be provided

by a so-called O-arm structure, in which instead of a “C” an “O” is provided. As a further
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example, also two independent robotic arms can be provided for the source and the detector,

which are configured to provide the respective movement of a C-arm structure.

The processing unit 16 is configured to control the moving arrangement 14 to
actuate the movement of the X-ray source 36 and the detector 38 along the respective
trajectories 46. The processing unit 16 is further configured to control the X-ray source and
the generation of X-ray radiation from the first focal spot 48 and the second focal spot 50.
The processing unit is still further configured to control the detector 38 and to receive raw
image data from the detector 38.

The processing unit 16 is further configured to control the X-ray source 36 to
radiate first X-ray radiation from the first focal spot 48 towards the detector 38, or to radiate
second X-ray radiation from the second focal spot 50 towards the detector 38.

In Fig. 2, the C-arm structure 12 is shown in relation to the above mentioned
trajectories 46. It must be noted that the trajectories 46 are symbolically shown as a rotational
movement around the ISO-centre 62 around the horizontal axis 58.

However, also other rotational movements are provided according to the
present invention, such as rotations around a horizontal axis 64 arranged transverse to the first
horizontal axis 58.

Image acquisition may be provided for at least a part of the trajectory 46.

The first and the second focal spots are displaced in relation to each other in
the direction of the trajectory 46. In other words, the offset direction 54 and the trajectory 46
are arranged in the same direction, according to an example.

The trajectory 46 may be a circular arc arranged in a trajectory plane.

The offset direction may be adaptable relative to the trajectory during the
acquisition. The offset direction may further be rotatable, e. g. by a rotatably mounted X-ray
source (not further shown), and/or by electronic deflection to adapt the position of the two
focal spots, respectively.

According to an example, not further shown, a propeller or roll movement of
the C-arm 32 is provided.

The offset distance 52 may be provided in a fixed manner. The offset distance 52 may
also be provided in an adaptable or variable manner.

Similar is the case for the offset direction 54, which may also be provided in a fixed
manner, or in an adaptable or variable manner.

In the case the trajectory is not arranged in an even trajectory plane, the offset
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direction 54 is aligned with the tangential of the trajectory.

The trajectory may be a helical trajectory. The trajectory may be a loop having a
saddle-like shape.

According to a further example, the first and the second focal spot 48, 50 are
positioned on the trajectory 46 of the X-ray source 36.

According to an exemplary embodiment of the present invention, the X-ray
source 36 in Fig. 2 may be a stereco X-ray tube with two focal spots. The stereo tube may be
an X-ray tube with a single cathode providing a single electron beam, which electron beam is
deflected to the two different focal spots 48, 50. The stereo tube may also be an X-ray tube
with two cathodes adapted to alternately providing two different electron beams, which
electron beams are deflected to a respective focal spot of the two focal spots 48, 50.

According to an exemplary embodiment, the X-ray source 36 of Fig. 2 may be
a dual energy X-ray source, for example a dual energy X-ray tube. In case of a sterco tube, the
tube may be a dual energy stereco tube.

According to an aspect of the present invention, the provision of two focal
spots arranged in an offset in the direction of the trajectory is provided for cardiac C-arm CT
imaging. This image acquisition procedure is used, for example, for 3D coronary angiography
or for 3D whole heart imaging. Thus, the present invention is applicable for a number of
clinical research applications in interventional cardiology, for example.

To achieve sharp images, cardiac gating is required during image
reconstruction. Typically, the ECG is used as a gating signal.

It is noted that such an ECG signal providing arrangement may be part of the
X-ray imaging system 10 shown in Fig. 1 (although) not further shown.

Due to the slow rotation time of the C-arm system compared to the temporal
length of a cardiac cycle, cardiac gating with a finite gating window width is provided.
According to the present invention, the gating window is enlarged, without increasing the
temporal width, and also without an increase in the speed of the movement.

Higher speed of the C-arm system would have the disadvantage that larger
actuating forces and also larger braking forces are required, and also implies the danger that
staff, for example a surgeon, in the vicinity of the patient may be hit by a very fast moving C-
arm structure.

In Fig. 3, an example of a trajectory 66 is shown as a semicircle trajectory.

Along the trajectory 66, a first gating window 68 and a second gating window 70 are shown.
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It must be noted that Fig. 3 is not shown in scale, but rather for explanation of the basic

principle of the present invention.

For example, at least five gating windows can be provided along the trajectory,
preferably twelve, for example, but also any other number of gating windows can be provided.

The term “gating window” indicates that in this temporal window, respective
image acquisition is provided, since the gating window refers to a specific, predetermined and
thus known phase of the heart cycle.

Within the gating windows 68, 70, the X-ray tube 36 with the two focal spots
and the X-ray detector 38 are moved to a number of image acquisition positions, for example
six image acquisition positions as shown in Fig. 3, where the respective numbers are used in
relation with circles on the trajectory.

In a first position 1, X-ray imaging is provided by the first focal spot 48, and
afterwards, an image acquisition is provided from the respective second focal spot 50, which,
when the first focal spot 48 is arranged on position 1, is simultaneously arranged at
position 1’. Next, the X-ray source, and of course also the X-ray detector 38, is moved along
the trajectory to the next position, indicated with 2 and 2'. Here again, a first acquisition is
provided by the first focal spot 48 from position 2, and afterwards an image acquisition from
the second focal spot 50 from position 2'. This is continued, for example, for points 3/3", 4/4’,
5/5', and 6/6" for the respective positions of the first focal spot 48/the second focal spot 50. In
other words, instead of having an angular section 72 ranging from position 1 to position 6, an
angular range from position 1 to position 6' is provided, due to the additional second focal
spot 50 and the respective offset distance 52 along the trajectory. In other words, an
additional angular section 76 is provided resulting in an enlarged angular section 74.

From the first gating window 68, the C-arm is moved further on the trajectory
66 to the second gating window 70, where a respective sequence of projection pairs 1/1" etc.
is provided, once again providing an enlarged angular section for the gating window.

In Fig. 4, the X-ray source 36 is schematically indicated with a half rectangular
78 with the first focal spot 48 resulting in a respective first X-ray beam 80, and the second
focal spot 50 resulting in a respective second X-ray beam 82. The first X-ray beam 80 and the
second X-ray beam 82 are provided in a sequential manner, and not at the same time. When
the X-ray source 36 is moved to the next position within the gating window, wherein the X-
ray source is indicated with a dotted line rectangular 84, a further first X-ray beam 86 and a

further second X-ray beam 88 are provided, which are also indicated with dotted lines.
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Thus, according to the present invention, by providing the second focal spot in

the offset direction along the trajectory, image information from a further angular position is
provided, thus resulting in an improved and enlarged gating window segment.

Figs. 5A and 5C show an example for further trajectories, i.e. further rotational
movements, in addition to a rotational movement in an even plane. For example, the trajectory
may be a dual axis rotation trajectory, wherein the trajectory is based on a simultancous
propeller and roll movement, as indicated in Figs. SA and 5B. The resulting curve in space is
indicated with a first line 90 in Fig. 5C. Contrary to this, a second line 92 indicates a circular
arc as a relatively simple type of rotation. The trajectory 90 may be provided as a so-called
“XperSwing trajectory”, as used by Philips.

Fig. 5A indicates a propeller movement 94, and Fig. 5B indicates a roll
movement 96, which are combined to result in the trajectory 90 shown in Fig. 5C.

Fig. 6 shows a method 100 for providing tomographic image data of an object,
comprising the following steps: In a first step 110, an X-ray source is moved in a moving
procedure 112 on a first end of a C-arm structure along a source trajectory. The X-ray source
is provided with a first and a second focal spot that are displaced to each other with a focal
spot distance in an offset direction, which offset direction is aligned with the trajectory.
Simultaneously, in a second moving procedure 114, a detector is moved on a second end of
the C-arm structure along a corresponding detector trajectory. In a second step 116, an object
is radiated in first X-ray radiation procedure 118 with first X-ray radiation from the first focal
spot towards the detector. Alternatively, in a second radiation procedure 120, the object is
radiated with second X-ray radiation from the second focal spot towards the detector. In a
third step 122, respective X-ray radiation from the first or the second X-ray radiation is
detected with the detector in a detecting step 124. Further, respective signals are provided 126
as respective raw image data 128, 130 for the respective focal spot.

The first step 110 is also referred to as step a), the second step 116 as step b),
and the third step 122 as step c).

The movement of step a) may be provided continuously. For example, the
movement may be provided as a constant and uniform movement while steps b) and ¢) are
performed. For example, in case the duration of the respective X-ray radiation from the
respective focal spot positions is very short compared to the movement of the C-arm, the
movement during the X-ray image acquisition from one position does not have any further

influence on the respective image data.
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In other words, steps b) and ¢) may be provided while step a) is being

performed.

As indicated above, in step b), the first and the second X-ray radiation are
radiated in an alternating manner.

According to a further example, shown in Fig. 7, the first and second X-ray
radiation are provided in a continuous alternating manner 132, which is indicated with dotted
arrows leaving the respective boxes. A continuous sampling 134 of raw image data is
provided. A gating signal 136 relating to a function of the object is provided, indicated with
arrow 138, during the continuous sampling 134 in relation to the raw image data. From the
continuously sampled raw image data, raw image data 140 assigned to a predetermined gating
signal phase is selected for a reconstruction 142 of three-dimensional image data of the object.
This is also referred to as “retrospective” evaluation for sampling.

For example, the gating signal may be an ECG-signal from a patient, and a
particular heart phase is predetermined for the assignment to certain raw image data acquired
during the respective phase.

According to a further example, shown in Fig. 8, a gating signal 144 relating to
a function of the object is provided, indicated with two arrows 146 during the movement of
the C-arm structure and the radiation of the object. The radiation and the detection are
arranged only within predetermined gating signal phases, which arrangement is indicated with
respective dotted arrows 148. This is also referred to as “prospective” sampling or triggering.

A number of gating windows can be provided along a predefined trajectory
length. For example, a trajectory of 180° is provided comprising at least five distributed
positions for a gating window, for example twelve gating windows, i.e. twelve positions for a
gating window may be provided. In case of a patient, the gating signal may be an ECG signal,
as indicated above, and the predetermined gating signal phase is a predetermined section of a
heart cycle, for example 20 % of a heart cycle.

According to a further embodiment, shown in Fig. 9, X-ray radiation from one
of the two focal spots is provided from a first number of positions across the whole trajectory,
which is indicated by a through-line arrow 150. X-ray radiation by the other one of the two
focal spots is provided from a second number of positions arranged in a number of gating
windows across the whole trajectory, which arrangement only in a number of gating windows
is indicated with a dotted arrow 152. A box 154 indicates the provision of the gating signal.

According to a further example, shown in Fig. 10, X-ray radiation from the
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first focal spot and the second focal spot is provided only from a number of positions arranged

in a number of gating windows across the trajectory. This is indicated with two dotted arrows
156, and a further box 158 indicating the gating signal.

According to a further example (not further shown), X-ray radiation from the
first focal spot and the second focal spot is provided only from a number of positions arranged
in a number of gating windows across the trajectory. For example, the gating windows may be
arranged separated from each other.

According to a further example, also not further shown, the moving of step a)
is provided in relation to the radiation of step b), such that a pair of a first and a second
effective source position is followed by a subsequent pair of a first and second effective source
position arranged in a displaced manner, such that one of the effective source positions of the
subsequent pair is arranged between the former first and second effective source positions and
the other one of the effective source positions of the subsequent pair is arranged outside the
displacement of the former first and second effective source positions. For example, this has
already been mentioned with respect to Fig. 3.

The first and the second X-ray radiation may be provided as dual energy X-ray
radiation. The first X-ray radiation may be provided with a first spectrum, for example, and
the second X-ray radiation with a second spectrum, wherein the first and the second spectrum
may be provided separated from each other.

According to the present invention, the additional positioning of the second
focal spot and the same position of the X-ray tube provides an additional view, or with respect
to a sequence of acquisitions in a gating window provides additional views, such that the
reconstruction accuracy is increased and improved due to the different geometric information
the image, or the images, i.e. the view or views, carry.

In another exemplary embodiment of the present invention, a computer
program or a computer program element is provided that is characterized by being adapted to
execute the method steps of the method according to one of the preceding embodiments, on
an appropriate system.

The computer program element might therefore be stored on a computer unit,
which might also be part of an embodiment of the present invention. This computing unit may
be adapted to perform or induce a performing of the steps of the method described above.
Moreover, it may be adapted to operate the components of the above described apparatus.

The computing unit can be adapted to operate automatically and/or to execute the orders of a
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user. A computer program may be loaded into a working memory of a data processor. The

data processor may thus be equipped to carry out the method of the invention.

This exemplary embodiment of the invention covers both, a computer program
that right from the beginning uses the invention and a computer program that by means of an
up-date turns an existing program into a program that uses the invention.

Further on, the computer program element might be able to provide all
necessary steps to fulfil the procedure of an exemplary embodiment of the method as
described above.

According to a further exemplary embodiment of the present invention, a
computer readable medium, such as a CD-ROM, is presented wherein the computer readable
medium has a computer program element stored on it which computer program eclement is
described by the preceding section.

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

However, the computer program may also be presented over a network like the
World Wide Web and can be downloaded into the working memory of a data processor from
such a network. According to a further exemplary embodiment of the present invention, a
medium for making a computer program eclement available for downloading is provided, which
computer program element is arranged to perform a method according to one of the
previously described embodiments of the invention.

It has to be noted that embodiments of the invention are described with
reference to different subject matters. In particular, some embodiments are described with
reference to method type claims whereas other embodiments are described with reference to
the device type claims. However, a person skilled in the art will gather from the above and the
following description that, unless otherwise notified, in addition to any combination of
features belonging to one type of subject matter also any combination between features
relating to different subject matters is considered to be disclosed with this application.
However, all features can be combined providing synergetic effects that are more than the
simple summation of the features.

While the invention has been illustrated and described in detail in the drawings

and foregoing description, such illustration and description are to be considered illustrative or
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exemplary and not restrictive. The invention is not limited to the disclosed embodiments.

Other variations to the disclosed embodiments can be understood and effected by those skilled
in the art in practicing a claimed invention, from a study of the drawings, the disclosure, and
the dependent claims.

In the claims, the word “comprising” does not exclude other elements or steps,
and the indefinite article “a” or “an” does not exclude a plurality. A single processor or other
unit may fulfil the functions of several items re-cited in the claims. The mere fact that certain
measures are re-cited in mutually different dependent claims does not indicate that a

combination of these measures cannot be used to advantage. Any reference signs in the claims

should not be construed as limiting the scope.
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CLAIMS:

1. A C-arm structure (12) for X-ray imaging, comprising:
- a C-arm (32);
- a movable C-arm support (34);
- an X-ray source (36); and
- an X-ray detector (38);
wherein the C-arm comprises a first end (40) and a second end (42), wherein
the X-ray source is mounted to the first end and the detector is mounted to the second end;
wherein the C-arm is mounted to the C-arm support such that the X-ray source and the
detector are movable around an object (44) of interest on respective trajectories (46);
wherein the X-ray source comprises at least a first focal spot (48) and a second
focal spot (50) spaced apart from each other with a focal spot distance (52) in an offset
direction (54), which offset direction is aligned with the trajectory.

2. C-arm structure according to claim 1, wherein the first and the second focal

spot are positioned on the trajectory of the X-ray source.

3. C-arm structure according to claim 1 or 2, wherein the offset distance and/or

the offset direction are adaptable.

4. C-arm structure according to one of the preceding claims, wherein the X-ray

source is provided as one stereo X-ray tube with two focal spots.

5. C-arm structure according to one of the preceding claims, wherein the X-ray

source is provided as a dual energy X-ray tube.

6. An X-ray imaging system (10), comprising:
- a C-arm structure (12) according to one of the preceding claims;

- a moving arrangement (14) for driving the C-arm structure; and
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- a processing unit (16);

wherein the processing unit is configured to control the moving arrangement to
actuate the movement of the X-ray source and the detector along the respective trajectories;

wherein the processing unit is configured to control the X-ray source and the
generation of X-ray radiation from the first focal spot and the second focal spot; and

wherein the processing unit is configured to control the detector and to receive

raw image data from the detector.

7. A method (100) for providing tomographic image data of an object, comprising
the following steps:
a) moving (112) an X-ray source on a first end of a C-arm structure along a
source trajectory; wherein the X-ray source is provided with a first and a second focal spot
which are displaced to each other with a focal spot distance in an offset direction, which offset
direction is aligned with the trajectory; and simultaneously moving (114) a detector on a
second end of the C-arm structure along a corresponding detector trajectory;
b) radiating (118) an object with first X-ray radiation from the first focal spot
towards the detector; or

radiating (120) the object with second X-ray radiation from the second focal
spot towards the detector;
c) detecting (124) respective X-ray radiation from the first or the second X-ray

radiation with the detector; and providing (126) respective signals as raw image data (128, 130).

8. Method according to claim 7, wherein in step b), the first and the second X-ray

radiation are radiated in an alternating manner.

9. Method according to claim 7 or 8, wherein the first and second X-ray radiation
are provided in a continuous alternating manner (132) and wherein a continuous sampling
(134) of raw image data is provided;

wherein a gating signal (136) relating to a function of the object is provided
(138) during the continuous sampling in relation to the raw image data; and

wherein from the continuously sampled raw image data, raw image data (140)
assigned to a predetermined gating signal phase is selected for a reconstruction (142) of three-

dimensional image data of the object.
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10. Method according to claim 7 or 8, wherein a gating signal (144) relating to a
function of the object is provided (146) during the movement of the C-arm structure and the
radiation of the object; and

wherein the radiation and the detection is arranged (148) only within

predetermined gating signal phases.

11. Method according to one of the claims 7 to 10, wherein X-ray radiation from
one of the two focal spots is provided (150) from a first number of positions across the whole
trajectory; and wherein X-ray radiation by the other one of the two focal spots is provided
from a second number of positions arranged (152) in a number of gating windows across the

whole trajectory.

12. Method according to one of the claims 7 to 10, wherein X-ray radiation from
the first focal spot and the second focal spot is provided only from a number of positions

arranged in a number of gating windows across the trajectory.

13. Method according to one of the claims 7 to 12, wherein the offset distance

and/or the offset direction are adapted during a rotational scan.
14. Computer program element for controlling an apparatus according to one of
the claims 1 to 6, which, when being executed by a processing unit, is adapted to perform the

method steps of one of the claims 7 to 13.

15. Computer readable medium having stored the program element of claim 14.
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