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METHOD AND SYSTEM FOR RECONSTRUCTION OF TOMOGRAPHIC IMAGES

BACKGROUND

[0001] Non-invasive imaging technologies allow images of the internal structures of a
patient or object to be obtained without performing an invasive procedure on the patient or
object. In particular, technologies such as computed tomography (CT) use various physical
principles, such as the differential transmission of X-rays through the target volume, to
acquire image data and to construct tomographic images (e.g., three-dimensional
representations of the interior of the human body or of other imaged structures). However,
various physical limitations or constraints on acquisition may result in artifacts or other
imperfections in the reconstructed image.

[0002] For example, third-generation cone-beam CT may suffer from cone-beam artifacts,
particularly in the case of axial (circular) scan trajectories. These artifacts may arise from a
variety of causes, such as truncation of data in the Z-direction (i.e., in the direction
corresponding to the axis about which the X-ray source rotates about the patient), mishandled

data, and/or missing frequencies.

BRIEF DESCRIPTION

[0003] In one embodiment, a method of image data processing is provided. In accordance
with this method, an initial subset of a fullscan axial projection dataset is reconstructed to
generate a preliminary image. The preliminary image is filtered to preserve a subset of the
frequencies that is the most uniformly weighted to produce a partial reconstruction. The acts
of reconstruction and generating are repeated at shifted view ranges a specified number of
times to generate a set of partial reconstructions. The set of partial reconstructions are
combined to generate an intermediate volume with substantially complete frequency data.
Corresponding computer-readable media and system embodiments are also provided.

[0004] In another embodiment, a method for processing image data is provided. In
accordance with this method, a plurality of limited view angle reconstructions are
reconstructed. The plurality of limited view angle reconstructions are summed to generate a
full-scan reconstruction. Half of the limited view angle reconstructions are subtracted from
their conjugates prior to applying one of a plurality of first filters to generate filtered volumes.
The filtered volumes are combined to generate an intermediate volume. A temporal
windowing volume is generated from the intermediate volume. The full-scan reconstruction
is combined with the temporal windowing volume. Corresponding computer-readable media

and system embodiments are also provided.
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[000S5] In another embodiment, a method for processing image data is provided. In
accordance with this method, a fullscan axial projection dataset is accessed comprising a pair
of views for every frequency direction for every voxel to be reconstructed. For each pair of
views associated with each voxel and frequency direction, a respective view that is closer in
proximity to a particular view is selected and each respective pair of views is processed such
that the respective view that is selected has a greater contribution in a corresponding
reconstructed voxel. Corresponding computer-readable media and system embodiments are

also provided.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] These and other features and aspects of embodiments of the present invention will
become better understood when the following detailed description is read with reference to
the accompanying drawings in which like characters represent like parts throughout the
drawings, wherein:

[0007] FIG. 1 is a diagrammatical view of a CT imaging system for use in producing
images in accordance with aspects of the present disclosure;

[0008] FIG. 2 depicts the sweep of a circle in frequency space to define a spherical shell;
[0009] FIG. 3 depicts a region swept out by a circle in frequency space over a 180 degree
range for a point outside the scan plane such that frequencies are missing;

[0010] FIG. 4 depicts an alternative view of a region swept out by a circle in frequency
space over a 180 degree range for a point outside the scan plane such that frequencies are
missing;

[0011] FIG. 5 depicts a region swept out by a circle in frequency space over a 360 degree
range;

[0012] FIG. 6 depicts the contribution of a single view to frequency space;

[0013] FIG. 7 depicts an entire 45 degree segment of views swept out by the circle of FIG.
6;
[0014] FIG. 8 depicts the combination of four 45 degree segments of FIG. 7 to yield 180
degrees of data;

[0015] FIG. 9 depicts a sector of data retained in accordance with aspects of the present
disclosure;

[0016] FIG. 10 depicts a further sector of data rotated 45 degrees from the sector retained
in FIG. 9, in accordance with aspects of the present disclosure;

[0017] FIG. 11 depicts a combination of generated sectors of data having relatively
complete frequency information, in accordance with aspects of the present disclosure;

[0018] FIG. 12 depicts a close-up of the region of FIG. 11 for which frequency

information is missing;
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[0019] FIG. 13 depicts a flowchart describing one algorithm for implementing an image
reconstruction process, in accordance with aspects of the present disclosure;

[0020] FIG. 14 depicts two intermediate volumes generated in one implementation of an
algorithm in accordance with aspects of the present disclosure;

[0021] FIG. 15 depicts the combination of two intermediate volumes with filtering in
frequency space to generate a composite reconstruction, in accordance with aspects of the
present disclosure;

[0022] FIG. 16 depicts an alternative combination of two intermediate volumes with
filtering in frequency space to generate a composite reconstruction, in accordance with
aspects of the present disclosure;

[0023] FIG. 17 depicts another combination of two intermediate volumes with filtering in
frequency space to generate a composite reconstruction, in accordance with aspects of the
present disclosure;

[0024] FIG. 18 depicts a reconstruction in conjunction with respective view ranges
showing a sequence of data acquisition and, via dashed segments, the portion of Fourier space
at which there are discontinuities in terms of the time or view at which data is acquired,;

[0025]  FIG. 19 depicts examples of sector masks in accordance with aspects of the present
disclosure;

[0026] FIG. 20 depicts an alternative conceptualization of the present algorithm in
accordance with aspects of the present disclosure;

[0027] FIG. 21 depicts another conceptualization of the present algorithm in accordance
with aspects of the present disclosure;

[0028] FIG. 22 depicts a flow diagram of an algorithm for processing image data in
accordance with aspects of the present disclosure;

[0029] FIG. 23 depicts a combination and simplification of filtering functions, in
accordance with aspects of the present disclosure;

[0030] FIG. 24 depicts the combination of intermediate reconstructions to generate a
fullscan reconstruction and a difference volume, in accordance with aspects of the present
disclosure;

[0031] FIG. 25 depicts a multi-axial reconstruction in accordance with aspects of the
present disclosure;

[0032] FIG. 26 depicts a multi-sector reconstruction in accordance with aspects of the
present disclosure; and

[0033] FIG. 27 depicts a further multi-sector reconstruction in accordance with aspects of

the present disclosure.
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DETAILED DESCRIPTION

[0034] Embodiments disclosed herein provide algorithms for the reconstruction of images
from data collected using cone-beam computed tomography (CT). The algorithms address
artifacts attributable to one or more of truncation of data in the z-direction, mishandled data
due to incorrect weighting of data redundancy, and/or missing frequency data. In one
example of such an approach, the algorithm performs the equivalent of reconstructing an
image from an initial set of data from a 180 degree view range. The image may be filtered to
select frequencies from a 45 degree range. The view range may be shifted by 45 degrees and
these steps repeated until four partial reconstructions are acquired. This process may be
repeated to generate four additional reconstructions that are complementary to the first four,
such that the union of the two view ranges is the entire 360 degree view range. In practice
this process, or its equivalent, may be accomplished in a computationally efficient manner
using filtering steps in one or both of the reconstruction space and/or the post-processing
space. In addition, computationally, this process or its equivalent may be accomplished using
logical constructs that yield the same result as intermediate partial reconstructions, such as a
full-scan reconstruction and a conjugate discrepancy or difference volume.

[0035] The approaches disclosed herein may be suitable for use with a range of
tomographic reconstruction systems. To facilitate explanation, the present disclosure will
primarily discuss the present reconstruction approaches in the context of a CT system.
However, it should be understood that the following discussion may also be applicable to
other tomographic reconstruction systems.

[0036] With this in mind, an example of a computer tomography (CT) imaging system 10
designed to acquire X-ray attenuation data at a variety of views around a patient (or other
subject or object of interest) and suitable for tomographic reconstruction is provided in FIG.
1. In the embodiment illustrated in FIG. 1, imaging system 10 includes a source of X-ray
radiation 12 positioned adjacent to a collimator 14. The X-ray source 12 may be an X-ray
tube, a distributed X-ray source (such as a solid-state or thermionic X-ray source) or any other
source of X-ray radiation suitable for the acquisition of medical or other images.

[0037] The collimator 14 permits X-rays 16 to pass into a region in which a patient 18, is
positioned. In the depicted example, the X-rays 16 are collimated to be a cone-shaped beam,
i.e., a cone-beam, that passes through the imaged volume. A portion of the X-ray radiation 20
passes through or around the patient 18 (or other subject of interest) and impacts a detector
array, represented generally at reference numeral 22. Detector elements of the array produce
electrical signals that represent the intensity of the incident X-rays 20. These signals are
acquired and processed to reconstruct images of the features within the patient 18.

[0038] Source 12 is controlled by a system controller 24, which furnishes both power, and

control signals for CT examination sequences. In the depicted embodiment, the system
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controller 24 controls the source 12 via an X-ray controller 26 which may be a component of
the system controller 24. In such an embodiment, the X-ray controller 26 may be configured
to provide power and timing signals to the X-ray source 12.

[0039] Moreover, the detector 22 is coupled to the system controller 24, which controls
acquisition of the signals generated in the detector 22. In the depicted embodiment, the
system controller 24 acquires the signals generated by the detector using a data acquisition
system 28. The data acquisition system 28 receives data collected by readout electronics of
the detector 22. The data acquisition system 28 may receive sampled analog signals from the
detector 22 and convert the data to digital signals for subsequent processing by a processor 30
discussed below. Alternatively, in other embodiments the digital-to-analog conversion may
be performed by circuitry provided on the detector 22 itself. The system controller 24 may
also execute various signal processing and filtration functions with regard to the acquired
image signals, such as for initial adjustment of dynamic ranges, interleaving of digital image
data, and so forth.

[0040] In the embodiment illustrated in FIG. 1, system controller 24 is coupled to a
rotational subsystem 32 and a linear positioning subsystem 34. The rotational subsystem 32
enables the X-ray source 12, collimator 14 and the detector 22 to be rotated one or multiple
turns around the patient 18, such as rotated primarily in an x,y-plane about the patient. It
should be noted that the rotational subsystem 32 might include a gantry upon which the
respective X-ray emission and detection components are disposed. Thus, in such an
embodiment, the system controller 24 may be utilized to operate the gantry.

[0041] The linear positioning subsystem 34 may enable the patient 18, or more specifically
a table supporting the patient, to be displaced within the bore of the CT system 10, such as in
the z-direction relative to rotation of the gantry. Thus, the table may be linearly moved (in a
continuous or step-wise fashion) within the gantry to generate images of particular areas of
the patient 18. In the depicted embodiment, the system controller 24 controls the movement
of the rotational subsystem 32 and/or the linear positioning subsystem 34 via a motor
controller 36.

[0042] In general, system controller 24 commands operation of the imaging system 10
(such as via the operation of the source 12, detector 22, and positioning systems described
above) to execute examination protocols and to process acquired data. For example, the
system controller 24, via the systems and controllers noted above, may rotate a gantry
supporting the source 12 and detector 22 about a subject of interest so that X-ray attenuation
data may be obtained at a variety of views relative to the subject. In the present context,
system controller 24 may also includes signal processing circuitry, associated memory

circuitry for storing programs and routines executed by the computer (such as routines for
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executing image processing techniques described herein), as well as configuration parameters,
image data, and so forth.

[0043] In the depicted embodiment, the image signals acquired and processed by the
system controller 24 are provided to a processing component 30 for reconstruction of images.
The processing component 30 may be one or more conventional microprocessors. The data
collected by the data acquisition system 28 may be transmitted to the processing component
30 directly or after storage in a memory 38. Any type of memory suitable for storing data
might be utilized by such an exemplary system 10. For example, the memory 38 may include
one or more optical, magnetic, and/or solid state memory storage structures. Moreover, the
memory 38 may be located at the acquisition system site and/or may include remote storage
devices for storing data, processing parameters, and/or routines for image reconstruction, as
described below.

[0044] The processing component 30 may be configured to receive commands and
scanning parameters from an operator via an operator workstation 40, typically equipped with
a keyboard and/or other input devices. An operator may control the system 10 via the
operator workstation 40. Thus, the operator may observe the reconstructed images and/or
otherwise operate the system 10 using the operator workstation 40. For example, a display 42
coupled to the operator workstation 40 may be utilized to observe the reconstructed images
and to control imaging. Additionally, the images may also be printed by a printer 44 which
may be coupled to the operator workstation 40.

[0045]  Further, the processing component 30 and operator workstation 40 may be coupled
to other output devices, which may include standard or special purpose computer monitors
and associated processing circuitry. One or more operator workstations 40 may be further
linked in the system for outputting system parameters, requesting examinations, viewing
images, and so forth. In general, displays, printers, workstations, and similar devices supplied
within the system may be local to the data acquisition components, or may be remote from
these components, such as elsewhere within an institution or hospital, or in an entirely
different location, linked to the image acquisition system via one or more configurable
networks, such as the Internet, virtual private networks, and so forth.

[0046] It should be further noted that the operator workstation 40 may also be coupled to a
picture archiving and communications system (PACS) 46. PACS 46 may in turn be coupled
to a remote client 48, radiology department information system (RIS), hospital information
system (HIS) or to an internal or external network, so that others at different locations may
gain access to the raw or processed image data.

[0047] While the preceding discussion has treated the various exemplary components of
the imaging system 10 separately, these various components may be provided within a

common platform or in interconnected platforms. For example, the processing component 30,
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memory 38, and operator workstation 40 may be provided collectively as a general or special
purpose computer or workstation configured to operate in accordance with the aspects of the
present disclosure. In such embodiments, the general or special purpose computer may be
provided as a separate component with respect to the data acquisition components of the
system 10 or may be provided in a common platform with such components. Likewise, the
system controller 24 may be provided as part of such a computer or workstation or as part of a
separate system dedicated to image acquisition.

[0048] As noted above, the reconstruction of images from data acquired by an imaging
system, such as the depicted CT imaging system 10, may be subject to various limitations that
may result in artifacts or other imperfections in the generated images. For example, the
acquired data may be truncated in the z-direction in certain acquisition scenarios. In
particular, in an axial (i.e., circular) cone-beam acquisition, certain of the voxels in the image
volume will always be in the X-ray beam during the axial spin (such as those voxels near the
mid-plane i.e., plane in which the X-ray focal spot moves) while other voxels are illuminated
in certain of the views during the axial spin but not in others. For example, due to the narrow
portion of the X-ray cone being closer to the X-ray source 12, (that is, the cone expands or
diverges as distance from the source increases) a narrow segment of voxels near the X-ray 12
source may be illuminated while those voxels furthest from the source are fully or mostly
illuminated due to being near the wide base of the cone. However, as the X-ray source is
rotated axially about the volume, the portions of the volume that are near and far from the X-
ray source 12 will also rotate, with the result being that the extent of X-ray illumination a
voxel receives may decay monotonically with distance of the voxel from the mid-plane of
focal spot rotation. As a result, there is less data available with respect to the edges of the X-
ray cone in the z-direction in an axial scan than for those voxels nearer the mid-plane of the
cone in the z-direction. This data truncation in the z-direction may prevent the reconstruction
of good quality images outside that portion of the volume which is always projected onto the
detector during an axial scan.

[0049] In the case of mishandled data, any given voxel will be seen by the source and
detector for a certain angular view range in a given cone-beam axial scan. However, some
Radon directions or frequencies will be measured twice in such a scan. The reconstruction
should correctly take into account this redundancy or artifacts may result. Simple sinogram
domain weighting may not always meet this goal accurately and therefore more advanced
filtering techniques may be useful. In certain instances, mishandled data as described herein
may result in cone-beam artifacts in the reconstructed image.

[0050] In addition, in some instances where a cone-beam axial scan is employed, certain
frequency information may be missing for a given voxel. For example, even inside the 360

degree region generated by a circular (i.e, axial) scan, there may be some missing
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frequencies, particularly along the z-direction. The amount of missing frequencies will
increase with distance from the mid-plane (plane in which the x-ray focal spot moves).

[0051] By way of introducing certain aspects of the approaches discussed below, a brief
discussion of frequency analysis is provided. For example, turning to FIGS. 2-5, aspects of
frequency analysis are discussed that may prove useful to understanding the present approach.
In particular, in cone-beam tomography each measured (and filtered) ray contributes 3D
Radon (or Fourier) information (hereafter called frequency information) in a great circle (or
disk in the Fourier case) that is orthogonal to the ray. In order to get an exact reconstruction
at a particular voxel, filtered rays are accumulated whose frequency contributions cover the
frequency sphere uniformly. If a ray has cone angle zero, its corresponding great circle in
frequency space is parallel to the z (frequency) direction. Such is the case for points that lie in
the plane of the source trajectory (the scan plane). Thus, in order to get an exact
reconstruction at a particular voxel in the scan plane, filtered rays should be accumulated that
pass through the voxel over a 180 degree range relative to or as seen by that voxel. This can
be appreciated by noting that the vertical (parallel to z) circle 80 depicted will sweep out an
entire spherical shell 82 as it is rotated 180 degrees, as shown in FIG. 2.

[0052] For points that lie outside the scan plane, the great circle 80 is tilted off of the z-
axis by the cone angle. If such data is used over a 180 degree range, the result appears as
depicted in FIGS. 3 and 4. In FIG. 4, the region swept out by the two halves of each great
circle is depicted with different hatching (first hatching 88 and second hatching 90) to
facilitate visualization. There is a region of the sphere that is covered twice (combined
hatching 92) and another region that is not covered at all (missing frequency information 94).
[0053]  If this is continued for 360 degrees instead of just 180 degrees, the result appears as
depicted in FIG. 5. As depicted in FIG. 5, all frequencies are measured twice (denoted by
combined hatching 92) except for those that are not measured at all (missing frequency
information 94), as indicated by the gap at the top of the unit sphere. It may be desirable to
have the uniform frequency data coverage that a full-scan gives (as depicted in FIG. 5)
without suffering from the temporal resolution problems associated with use of a full axial
scan (i.e., due to the increased time needed to obtain a full axial scan compared to the length
of time needed to obtain an axial half-scan.).

[0054] With the foregoing in mind, FIG. 6 depicts the contribution of a single view to
frequency space. This contribution is depicted as circle 80. FIG. 7 depicts an entire 45
degree segment 100 of views (here represented as first segment V1), where segment V1
correspond to a first view range 102. Just as the circle 80 of FIG. 6 represents the Fourier
data corresponding to one view, the 45 degree segment 100 of FIG. 7 represents the Fourier
data corresponding to 45 degrees. The combination of four of these segments 100 (V1, V2,
V3, V4) as depicted in FIG. 8 yields 180 degrees worth of data, with corresponding second,
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third and fourth view ranges 104, 106, 108 corresponding to respective 45 degree segments
100 V2, V3, and V4.

[0055] In the depicted example, the point of interest lies outside the scan plane (e.g., mid-
plane) such that the constituent circles are tilted off the z-axis by the cone angle, resulting in
an overlap region 92 (i.e., a region that is covered twice) and a region 94 in which frequency
information is missing. To facilitate explanation, various sectors 112, 114, 116, 118, 120,
124, 126, 128 are depicted in FIG. 8. Sectors 118 and 128 are disproportionately corrupted,
respectively, by overlap region 92 and missing frequency data (region 94), compared to the
other sectors. Four other sectors, 112, 116, 120, and 126, are moderately corrupted by the
overlap region 92 and missing frequency data (region 94) compared to sectors 118 and 128.
The two remaining sectors, 114 and 124, are covered relatively uniformly in terms of
frequency, missing only frequency data that would also generally be missing even in an axial
full-scan context.

[0056] In accordance with aspects of the present embodiment, each 45 degree segment 100
is reconstructed, thereby allowing missing data or redundancies in the sectors to be corrected.
In one embodiment of the present algorithm, the algorithm retains information from the two
relatively complete and uniform sectors (i.e., sectors 114 and 124) and discards the remaining
data, as depicted in FIG. 9. As depicted in FIG. 10, the scan range may then be rotated, such
as 45 degrees, by removing one portion of image data and adding another from an adjacent
segment. For instance, in the depicted example the data associated with V4 has been replaced
by V8 to yield new sectors 130 and 132 which correspond to previous sectors 112 and 120.
[0057] For instance, in this example, the data associated with VI, V2, V3, and V8 is
backprojected and, for this step, sectors other than 130, 132 are filtered out or otherwise
discarded. This procedure may then be repeated twice more to obtain contributions to all
eight frequency sectors, i.e., to generate another four replacement sectors corresponding to
sectors 116, 118, 126, and 128. Combining the initial sectors 114 and 124 (which were
relatively complete and uniform) with the generated sectors 130, 132, 134, 136, 138, 140,
yields relatively complete frequency information for the point in question, as depicted in FIG.
11. In FIG. 11, each view portion is assigned a different hatching and the frequencies that
each portion contributes are indicated by the respective hatching. In this example, the view
portion 150 is fully used while view portions 152 and 154 on either end contribute very little.
In one embodiment, not only is the frequency coverage generally uniform, but at every
frequency that has one contribution, the selected contribution (of the two available) is the one
that comes from the view that is closest to a particular view, which we denote as the
centerview, which, in cardiac scanning, corresponds to the view acquired at the center of the
time interval of relatively quiescent object motion as determined by an EKG signal.

Conversely, the mid plane is usually the plane that contains the circular source path. In a
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cardiac imaging embodiment, the centerview is shifted for parts of the volume in the corner
region such that it is the view with the lowest cone angle. In this case, the view is selected
that provides rays that are closer to the midplane than their conjugate rays. That is, in the
corner, the views closet to mid-plane may be used, while in the region where data is complete,
the view closest to the centerview may be employed.

[0058] As depicted in FIG. 11, the approach described above results in near uniform
coverage of frequency space, with the only non-uniformities occurring proximate to the
missing cone, as depicted in FIG. 12, which depicts a zoomed view of the center region of the
frequency space representation of FIG. 11. In this example, the letters A, B, and C indicate
the number of contributions to each region. This number is always one (denoted by the letter
A) except in the missing data cone (where the contributions are zero (denoted by the letter B))
and in sixteen small regions 156 that surround the missing data region 94. These sixteen
regions have either zero or two (denoted by the letter C) contributions each. As will be
appreciated, the number of view portions (here eight, as depicted in FIG. 11) determine the
number and size of the small regions 156. The present algorithm, however, may be applied
with more than eight view portions in order to reduce these small regions 156 further if
desired.

[0059] With the foregoing in mind and by way of summary, in one implementation, eight
(or some other number, such as ten , twelve, sixteen, twenty sectors and so forth) sectors of
data are backprojected. The data is split after rebinning so that each segment contributes 45
degrees (or some other extent, i.e., for twenty sectors 18 degrees are contributed per segment)
of Fourier (i.e., frequency) information regardless of which image voxel one considers. As
will be appreciated, the cone angles (and, hence, the amount of tilt between the various great
circles and the z-axis) changes with the view angle whenever the voxel under consideration is
away from the center of the FOV in (x,y).

[0060] An example of one such implementation is depicted in the flowchart 200 of FIG.
13. In one such implementation an algorithm may be employed in which an initial set of axial
half-scan (or less than full-scan) data 202 is initially reconstructed (block 204) from a 180
degree view range to generate an image 206. The image 206 is filtered (block 210) to select
only frequencies from a 45 degree range, thereby generating a partial reconstruction 212. In
one embodiment, this process is repeated (at shifted view ranges) a set number of times, such
as four times at view ranges that are shifted by 45 degrees each time. In such an embodiment,
if the steps have been performed the specified number of times, a determination is made as
block 214 and the partial reconstructions generated in this manner can be combined (block
216) to generate a dataset with uniform and complete frequency data. If the specified number
of iterations have not occurred, the view range is shifted (block 218), such as 45 degrees, and

the next image 206 is reconstructed.
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[0061] In one implementation, the process 200 may be repeated through another cycle,
e.g., another four times in this example. As will be appreciated, in this example if the partial
reconstructions that use the same filter are paired, the first partial reconstruction 224 is paired
with the fifth partial reconstruction 226, the second partial reconstruction 228 with the sixth
partial reconstruction 230, the third partial reconstruction 232 with the seventh partial
reconstruction 234, and the fourth partial reconstruction 236 with the eighth partial
reconstruction 238. The 180 degree view ranges for each of these pairs of partial
reconstructions are complementary (i.e.: diametrically opposed). As a result, the union of the
two view ranges 1s the entire 360 degree view range. Since reconstruction and filtering are
linear operations, the same result may be obtained by applying the filter that corresponds to a
selected pair of partial reconstructions to a full-scan reconstruction as you would by applying
this filter to the two 180 degree reconstructions and then adding the two together.
Furthermore, since the four filters sum to one at every frequency, the net result of all eight
partial reconstructions is equal to a full-scan reconstruction.

[0062] With this in mind, it may be appreciated that: (1) there are two contributions to
each frequency from a full-scan reconstruction, or, equivalently, from eight of the partial
reconstructions described above, and (2) four partial reconstructions give a result that selects
at almost every frequency the contribution from the view that is closer to a given view angle.
With this in mind, the fifth through eighth partial reconstructions 226, 230, 234, 238 retain at
almost every frequency only the contribution from the view that is farther from the given view
angle. Also, selecting the view that is farther from a selected view is equivalent to selecting
the view that is closer to a different view, specifically, the view that is 180 degrees away from
the selected view.

[0063] With the foregoing in mind, one implementation of the present algorithm produces
two separate intermediate volumes 250, 252, the respective reconstructions of which are
depicted in frequency space in FIG. 14. The first intermediate volume 250 is the result of the
first four partial reconstructions 224, 228, 232, 236 and the second intermediate volume 252 is
the result of the last four partial reconstructions 226, 230, 234, 238. As will be appreciated by
the hatching, the view ranges that contribute the most to one reconstruction contribute very
little, if any, to the other. Indeed, no point (frequency) is filled by the same view range in the
two complementary reconstructions 250, 252. The two reconstructions 250, 252 are
predominantly built from data in two opposing 180-degree view ranges of the full-scan. The
depicted arrows 256 indicate the center of the view interval used for each particular
reconstruction 250, 252.

[0064] Of particular, interest, the two intermediate reconstructions 250, 252 can be mixed
together via filtering (such as via filter 272 and complementary filter 274) in the frequency

space, as depicted in FIG. 15, to produce a composite reconstruction 276 that is
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predominantly built from an arbitrary (e.g., user selected) 180-degree view range. In one such
example, 90-degree sectors of each intermediate reconstruction 250, 252 may be combined to
produce a composite reconstruction 276 that predominantly uses data from a 180-degree
range with a center-view exactly in the middle of the center-views corresponding to the
intermediate reconstructions 250, 252. Of note is that the central segment 280 in the
composite reconstruction 276 corresponds to frequencies of the view portion that are 90
degrees offset from the respective view portions corresponding to the frequencies that
correspond to the central views 282, 284 of the intermediate reconstructions 250, 252.

[0065] In other examples, depicted in FIGS. 16 and 17, the centerview of the composite
reconstruction 276 may be shifted to other extents. For example, in the implementation
depicted in FIG. 16 the centerview of the composite reconstruction 276 is shifted 45 degrees
relative to the first of the two intermediate reconstructions 250, 252. As will be appreciated,
the offset need not be an increment of 45 degrees. For example, FIG. 17 depicts an
implementation in which the centerview of the composite reconstruction 276 is shifted by
22.5 degrees relative to the first intermediate reconstruction 250. The look of the frequency
space differs from the previous example, but the result is the same: the frequency contribution
that is closest to the chosen centerview is selected.

[0066] As will be appreciated from the above examples and discussion, one can efficiently
generate a variety of reconstructions each with a different cardiac phase from a single pair of
intermediate reconstructions 250, 252. Thus, a time series of the cardiac motion can be
generated efficiently as a post-processing step. Even if more than a single rotation of data is
acquired, one intermediate reconstruction can be generated for each 180-degree view range
and an image representing any cardiac phase (that is sufficiently within the acquisition
window) can be generated.

[0067] While the preceding discussion relates to frequency analysis in accordance with
embodiments of the present algorithm, the temporal characteristics of such an algorithm are
now discussed. For example, turning to FIG. 18, a reconstruction in accordance with the
present algorithm is depicted in conjunction with a sequence of view ranges 302, 304, 3006,
308, 310, 312, 314, 316 associated with the acquisition of the image data. As will be
appreciated, the time at which a frequency is acquired is continuous as a function of
frequency except along the dashed line 320. The magnitude of the discontinuity changes as
you move along the dashed line 320. At the first arrow 322, the magnitude of the
discontinuity is zero. This magnitude increases as you move along the dashed line 320
downward and toward the right until you reach the second arrow 324, at which point the
discontinuity is equal to the time it takes the source to rotate 180 degrees. The discontinuity
has the same magnitude at the second arrow 324 and third arrow 326, but grows even larger

as you move away from the third arrow 326 along the dashed line 320. The discontinuity
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magnitude reaches its maximum at the fourth arrow 328, at which point it is equal to the time
it takes the source to rotate 360 degrees. That is, there are frequencies (although they form a
very small set) near the tip of the fourth arrow 328 that are acquired only at the very
beginning of the scan, and others frequencies nearby that are acquired only at the very end of
the scan.

[0068] The discontinuities along the dashed line 320 can lead to streaking artifacts if the
object being imaged is undergoing motion during the data acquisition process. In order to
address this issue, multiple, different reconstructions may be performed in accordance with
the present algorithm, each with slightly offset phases (e.g., cardiac phases) and the multiple
reconstructions may be averages together. As a result of the linearity of Fourier transforms
and the observations made above that each phase can be generated through Fourier mixing of
the intermediate reconstructions 250, 252, a reconstruction with a smooth transition region
can be generated as easily as one with a sharp transition by using an appropriately smoothed
Fourier mask.

[0069] The preceding discussion relates to implementations in which 360 degrees of data
is available. However, it should be appreciated that even if 360 degrees of cone-beam data is
acquired, some portions of the reconstruction volume may not be measured (project onto the
detector) for the full set of views. That is, some portion of the reconstruction volume is
measured at all views, while the remainder of the reconstruction volume is not measured at all
views.

[0070]  With respect to the portion of the reconstruction volume that is not measured at all
views, in these regions, extrapolated data is used to fill in some regions of frequency space.
The result is that the intermediate reconstructions 250, 252 may include artifacts. Since
different parts of the volume project onto the detector for different view ranges, the frequency
content of the artifacts is spatially variant. Indeed, there will be a certain sector (opposite the
centerview) of each axial image in the corner region that is least affected by the truncation
artifacts in each of the two intermediate reconstructions. By applying the Fourier mixing
discussed above, this polar angle can be changed to any direction.

[0071] This observation may be employed as part of the present algorithm to mitigate
truncation artifacts. For example, in one such embodiment, the portion of the reconstruction
volume that is not measured at all views is segmented into multiple sectors. For each sector,
Fourier mixing as discussed above may be applied to produce an image that consists mostly of
the half-scan that is centered at the view opposite the selected sector. The result will be an
image that has minimal artifacts in the sector of interest. The minimal artifact sector of each
resulting image can then be combined.

[0072] In practice, it may be useful for the sectors to be overlapping and weighting masks

may be defined to blend the overlapping sectors together. Since the amount of available data
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is smallest at image locations that are furthest from the region that is measured at all views,
sector masks may be employed that overlap not at all or very little on the edges, but overlap
substantially near the center. This allows full use of the available data while also mitigating
the effects of z-truncation on the images. In one such implementation, 36 sectors may be
employed with corresponding sector masks 340. Five samples of such sector masks 340
(corresponding to sectors 1, 2, 3, 15, and 36 in a 36 sector implementation) are depicted in
FIG. 19 to illustrate the general lack of overlap near the edges but the overlap near the center.
In one embodiment, an even number of sectors may be employed, allowing the computational
time to be reduced by a factor of two by combining image mask opposing pairs by subtracting
one mask in each pair from the other.

[0073] The Fourier mask that is used in the Fourier mixing step may also employ some
degree of smoothing. In implementations where both forms of smoothing are employed, the
combination of the two smoothing operations may effectively provide a suitable view
weighting function for each voxel in the image.

[0074] Even in the case of a sharp Fourier mixing mask, the data contributions are not
completely limited to a half-scan. Indeed, there are some small contributions from every
view, including those that are extrapolated. One approach that may be employed in
conjunction with the present algorithm would be not to extrapolate data. In instances where
no extrapolation is performed, clearly, there would be no contributions from extrapolated
data, but there may be a slightly larger region of missing data, with the missing frequencies
being low frequencies in the in-plane direction. Thus, depending on the willingness to
experience this trade-off, data extrapolation may or may not be performed in conjunction with
the present algorithm. In practice, when 225 degrees worth of parallel data are available (e.g.,
five of eight 45 degree segments) the artifacts attributable to data extrapolation may be
acceptable and extrapolation may be performed with the present algorithm. Conversely, when
the non-extrapolated data becomes less than 190 degrees the artifacts may be severe enough
to warrant not performing data extrapolation (at least for some views).

[0075] In the preceding, the formation of the two intermediate reconstructions 250, 252
has been attributed to performing two sets of four separate 180 degree reconstructions (or
some other number and extent of reconstructions) followed by applying Fourier masking to
each of the eight reconstructions before combining each set of four into a single image. While
such an implementation is useful as a means for explaining the present algorithm and for
deriving the algorithm, in other embodiments, the present reconstruction algorithm may be
implemented differently to achieve a more efficient outcome.

[0076] For example, turning to FIG. 20, an alternative way of conceptualizing, and
implementing, the present reconstruction algorithm is described. In this example, each dashed

box 360 delineates the reconstruction segments that are filtered with a different filter. For
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example, the A/E filter would be applied to the reconstruction that is obtained by
backprojecting view portions V8, V1, V2, and V3. View portions V1 through V4 may then
be backprojected and the B/F filter applied to the resulting reconstruction and so on. The total
number of view portion backprojections 362 is sixteen and there are another sixteen required
to form the other intermediate reconstruction. This can be simplified by backprojecting each
view portion only once. Since backprojection is linear, we can combine the eight resulting
volumes in the image domain prior to filtering to obtain the same result. This reduces the
backprojection load by four.

[0077] An alternative optimization is also based on linearity, but in this case it is the
linearity of the filtering. The combinations of FIG. 20 may be reordered (denoted by dashed
boxes 368), as depicted in FIG. 21, to avoid the need to combine the view portion
reconstructions. Instead, each view portion reconstruction is filtered with a single filter. For
example, the V1 volume may be filtered with a filter that is the sum of the A/E filter and the
B/F filter. If the complementary filter is applied to each view portion reconstruction, the other
intermediate reconstruction is produced. Furthermore, the filter applied to one view portion is
always complementary to the filter applied to the opposing view portion (the one 180 degrees
away). As will be appreciated, the complementary filter is the filter that, when summed with
the original filter, adds to a value of 1 for all frequencies. So where the filter is 1, the
complementary would be 0 and so forth. This suggests an additional optimization: view
portions can be subtracted in opposing pairs to reduce filtering. Also, instead of storing
intermediate reconstructions 250, 252 that are representative of two different halves of the
full-scan, we can store one that represents the full-scan and one that represents the difference
of the two halves of the full-scan, i.e., the differential.

[0078]  With these examples in mind, one suitable implementation of the present algorithm
is depicted in FIG. 22. In this example, eight initial volumes 380 are reconstructed, each
based on backprojecting one 45 degree view portion. The sum (block 382) of all eight initial
volumes is stored as one intermediate reconstruction 384 (i.e., a full-scan reconstruction).
Each view portion is subtracted (blocks 386) from its conjugate before filtering. The filtering
is done by a multiplication (blocks 388) after a 2D fast Fourier transform (FFT) of each slice.
One of the pairs does not require filtering, but the FFT may still be still performed. These
four 2D Fourier domain volumes are added (block 390) and stored as the second intermediate
volume 392. This is the end of the reconstruction portion.

[0079]  The filtering of the eight view portion reconstructions 380 is based on binary masks
388 denoted Kag, Karc, and Kgcp. These masks 388 are based on the frequency sectors that
are preserved. For example, Kap is a mask that is 1 in the A and B sectors (including the
conjugate sectors E and F) and is O in all other sectors (C, D, G, and H). In one

implementation, the filters that are applied are actually (2*K — 1), such that the region that is 0
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is replaced by —1. This is a result of switching from the intermediate reconstructions 250, 252
being two halves of the full-scan to the intermediate reconstructions 250, 252 being the full-
scan and the difference between the two halves.

[0080] In post-processing, the full-scan reconstruction is added (block 394) to a temporal
windowing volume 396 produced by filtering the second volume 392. Since the centerview is
shifted in the portion of the reconstruction volume that is not measured at all views, this
temporal windowing volume 396 may be built by mixing in the image domain N filtered
versions of the second volume 392 using the respective sector masks discussed above with
respect to FIG. 19.

[0081] In the temporal windowing function of the presently discussed embodiment, there
is another Fourier mask that is applied (block 400). This mask is denoted my and is defined in
polar spatial frequency coordinates (with polar angle in the range [0,pi) and radius being a
signed distance). For example, my(t,R) is the value of the k™ temporal windowing mask at
polar angle t and radius R. In some cases, the mask is invariant in the second variable (R), but
flexibility is available to allow a mechanism for trading off noise and resolution in the corner

region. The function m may be generally defined as follows:

(1) my = f(t-t, R)

with f a positive function and:

(2) fit, )+ ft+n,R)=1

3) f(t, R) = f(t+2x, R)

(4) f(0, R) > f(t, R)

and where f never increases as t goes from 0 to w. For example, f(t, R) could be a trapezoidal
function:

(5) f(t, R) = (t) =Trapezoid (=, s).

[0082] In one implementation, the function used is (0.5 — mi) due again to the intermediate
reconstructions being implemented as the full-scan reconstruction and the conjugate
discrepancy. In one implementation of the steps of the flowchart of FIG. 22, the number of
temporal windowing computations can be reduced to one if only the portion of the
reconstruction volume that is measured at all views is reconstructed. Also, if temporal
resolution is not an issue (for example, in a non-cardiac scan) the temporal windowing can be
skipped for the portion of the reconstruction volume that is measured at all views. However,
even in this case the temporal windowing still may be applied to the portions of the
reconstruction volume that are not measured at all views in order to select an appropriate view
range for truncation artifact mitigation.

[0083] There is an additional simplification that can be made to the present algorithm. In
the preceding examples, the filtering (after backprojection) which has been discussed has been

done in two steps. The first of these steps is done to convert our eight initial view portion
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reconstruction volumes into two volumes (i.e., intermediate reconstructions 250, 252). The
second filtering step is done to combine the two reconstructions into a single volume. Each of
these filters can be decomposed into the product of two simpler functions. One of these
functions is the same in both functions and is its own inverse since all of its values are either 1
or -1. Consequently, each of the two filtering functions can be divided by this common self-
inverting function.

[0084]  Graphically this is shown in FIG. 23, where, in the first rectangle 420, the filtering
function A 418 (from the first filtering step 388) is the product of two signum functions 428
(where a signum function is a function that is 1 when the dot product with a particular vector
is positive and -1 when the dot product with the vector is negative). The filtering function B
426 1s the product of a signum function 428 and a more smooth function 424 that is similar to
a signum (graphically depicted in the second rectangle 422). The third rectangle 430 shows
the product 432 of the two filtering functions 418, 426. Since S; and S, are the same signum
function 428, we can remove it from both filtering function A and B. This gives A" 434 and
B’ 436, which are simpler functions than A 418 and B 426. When we multiply these new
functions (A" 434 and B" 436) (as depicted in fourth rectangle 438) we get the same result 432
as when we multiply A 418 and B 426.

[0085] This example only covers the case of one of the eight view portions for one of the
image sectors. However, all of the view portions are filtered with a filter that can be
decomposed into the product of two signum functions. Also, the signum function of interest
is the same in each case (it is the other signum function that changes with view portion
number). In addition, the filter for all the sectors can also be decomposed as above.
Furthermore, the signum function is always the same (it is the other function that changes
with sector). As a result, the above result holds for all view portions in all image sectors.
[0086] The above can be conceptualized and/or implemented in an alternative manner as
well. For example, as noted above, the two volumes in the above formulation represent the
frequencies contributed by 1) both contributions to the full-scan and 2) the difference between
the two contributions to the full-scan. This observation remains true after the above
modifications. However, what changes is the selection criteria for determining which of the
two contributions is subtracted from the other to produce the second volume. In the previous
examples, the contribution that came from the source angle that was closer to a particular
“central” source angle was subtracted from the contribution from the other source (the one
farther from the “central” source angle). In the present case, we subtract the contribution that
comes from the right (or left) side of the ramp filter in frequency space from the contribution
that comes from the left (or right) side.

[0087] An example of this is depicted in FIG. 24, in which on the left are the two

contributions 450, 452 split based on proximity to a center view angle 454. Swapping one
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half of the first contribution 450 with one half of the second contribution 452 results in the
reconstructions 456, 458. This example shows the contributions split based on the side of the
ramp filter (left or right). The sum 460 of these two contributions 456, 458 is the full-scan
462. The difference 464 of the two contributions 456, 458 is the delta volume 466, which is
closely related to the derivative backprojection (DBP) volume where the backprojection is
done over the entire full-scan. Where the two contributions 456, 458 are the same (i.e., there
is no motion or z-truncation), then the delta volume will be zero, except to the extent noise
may be present.

[0088] One desirable aspect of the preceding implementations is that the filters are simple
and there is no risk of a mismatch between the two signum functions, which cancel each other
out. Also, there is no concern with making the symmetry angle match up with any particular
orientation (like a view portion boundary or a line at an increment of 45 degrees from the y
axis) since the symmetry angle no longer exists. The view portion boundaries can be chosen
freely without regard to the cardiac phase.

[0089]  The present approaches may also be employed in multi-sector reconstructions. For
example, if more than a full-scan is acquired, the present algorithmic approaches can be used
to reconstruct additional intermediate volumes. In such instances, one intermediate
reconstruction may be generated for every 180 degrees of data. For example, in one
embodiment, the data is padded by exactly 90 degrees at the beginning and the end of the
scan. Each padded view at the beginning (end) is copied from an actual view that was
acquired one rotation after (or before) the padded view. Additional views are then padded at
the end following this same procedure until the total view range is a multiple of 180 degrees.
For example, if 3.25 rotations of data have been acquired, 90 degrees up front and 180
degrees at the back end would be copied. The total view range would then be 4 rotations.
The number of intermediate recons in this case would be seven. This is the original view
range in rotations times two (since there are two 180 degree segments per rotation) and then
rounded up (ceil(3.25%2) = 7).

[0090]  After this padding step, a reference angle would be selected and mask functions (m)
would be built for the 2 to 3 intermediate recons that are nearest to the reference angle. For
instance, in the example depicted in FIG. 25, two possible reference angles 480 are indicated.
In one case, the trapezoidal function that defines m extends to three nearby recons, in the
other case only two are reached

[0091] For multi-sector reconstruction, two possible implementations may be employed.
In one, depicted in FIG. 26, the process may begin as with the multi-axial approach discussed
above. However, the half-scan may all be mapped into a heart phase/view angle space 484.
Subsequently, for each view angle the various reconstructions may be weighted based on how

close they are to the correct phase.
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[0092] In the second multi-sector implementation, depicted in FIG. 27, a single full-scan
dataset may be initially built from all available data by weighting each contribution according
to its phase offset. The dose may also be accounted for, but this may not be necessary since
the dose will often be correlated with phase offset. Next, the full-scan reconstruction may be
processed as discussed above to generate the desired imaging volume.

[0093] Technical effects of the invention include addressing artifacts attributable to one or
more of truncation of data in the z-direction, mishandled data due to data redundancy, and/or
missing frequency data. One technical effect includes generating reconstructions that are
substantially uniform and substantially complete in frequency space from data that is missing
some frequency information.

[0094]  This written description uses examples to disclose the invention, including the best
mode, and also to enable any person skilled in the art to practice the invention, including
making and using any devices or systems and performing any incorporated methods. The
patentable scope of the invention is defined by the claims, and may include other examples
that occur to those skilled in the art. Such other examples are intended to be within the scope
of the claims if they have structural elements that do not differ from the literal language of the
claims, or if they include equivalent structural elements with insubstantial differences from

the literal languages of the claims.
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10 computer tomography (CT) imaging system
12 source of X-ray radiation
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24 System Controller

26 X-Ray Controller
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30 Processing Component
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36 Motor Controller
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150 View Portion

152 View Portion

154 View Portion
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202 Axial Scan Data

204 Reconstruct Axial Scan data
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210 Filter Image

212 Partial Reconstruction
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250 First Intermediate Volume
252 Second Intermediate Volume
256 Center of View Interval
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274 Complementary Filter
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282 Central View
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326 Third Arrow

328 Fourth Arrow — Maximum Discontinuity
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362 View Portion Backprojections

368 Dashed Boxes
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394 Add Full-Scan Reconstruction to Temporal Windowing Volume
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CONCLUSIES

1. Werkwijze voor beeldgegevensverwerking, omvattende:

het reconstrueren van (204) een initiéle deelset (202) van een gegevensset van een axiale
projectie van een totaalscan om een voorlopig beeld (206) te genereren;

het filteren (210) van het voorlopig beeld (206) om een deelset van de frequenties te
behouden die het meest gelijkmatig gewogen zijn om een gedeeltelijke reconstructie (224) te
genereren;

het herhalen van de reconstructiehandelingen (202) en het genereren, bij verschoven
gezichtspuntbereiken (218), voor een bepaald aantal keren om een set van gedeeltelijke
reconstructies (224, 226, 228, 230) te genereren; en

het combineren (216) van de set van gedeelielijke reconstructies (224, 226, 228, 230) om

een intermediair volume (250) met nagenoeg volledige frequentiegegevens te genereren.

2. Werkwijze volgens conclusie 1, waarbij elke initiéle deelset (202) van projectiegegevens

een axiale scan van gegevens omvat over minder dan een volledige scan.

3. Werkwijze volgens conclusie 1, waarbij elke initiéle deelset (202) van projectiegegevens

gereconstrueerd wordt over een 180 graden gezichtspuntbereik.

4. Werkwijze volgens conclusie 1, waarbij het genereren van de gedeeltelijke reconstructie
(224, 226, 228, 230) het filteren van het beeld (208) omvat om alleen frequenties uit een 18-

45 graden bereik te selecteren.

5. Werkwijze volgens conclusie 1, waarbij de reconstructiehandelingen (204) en het
genereren worden herhaald bij hoekverdraaiingen om paren van complementaire

gedeeltelijke reconstructies te genereren.

8. Werkwijze volgens conclusie 1, omvattende:

het herhalen van de handelingen van reconstructie (204) en filtering (210) bij verschoven
bereiken voor een bepaald aantal keer om een complementaire set van gedeeltelijke
reconstructies (232, 234, 236, 238) te genereren.

7. Werkwijze volgens conclusie 6, omvattende:
het combineren van de set van gedeeltelijke reconstructies (224, 226, 228, 230) en de set
van complementaire gedeeltelijke reconstructies (232, 234, 236, 238) om een 360 graden

gezichtspuntbereik van frequentiegegevens te genereren.
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8. Werkwijze volgens conclusie 6, omvattende:
het combineren van de complementaire set van gedeeltelijke reconstructies (232, 234, 236,
238) om een complementair intermediair volume (252) te genereren met nagenoeg volledige

frequentiegegevens.

9. Werkwijze volgens conclusie 8, waarbij het intermediaire volume (250) en het
complementaire intermediaire volume (252) samen equivalent zijn met een totaaiscan

reconstructie.

10. Werkwijze volgens conclusie 8, omvattende:

het combineren van het intermediair volume (250) en het complementaire intermediaire
volume (252) via filtering om een of meer samengestelde reconstructies (276) te genereren
die voornamelijk zijn opgebouwd uit een door een gebruiker geselecteerd 180 graden

gezichtspuntbereik.

11. Werkwijze volgens conclusie 10, verder omvattende:
mengen van verschillende samengestelde reconstructies (276) in het beelddomein om een
volume te genereren dat in hoofdzaak vrij is van de effecten van gegevensafknotting langs de

scan-as.

12. Een beeldverwerkend systeem, omvattende:

een geheugen (38) voor het opslaan van een of meer routines en

een verwerkingscomponent (30) ingericht om de een of meer routines die zijn opgeslagen in
het geheugen (38) uit te voeren, waarbij de een of meer routines, wanneer uitgevoerd door
de verwerkingscomponent (30):

toegang verlenen tot een gegevensset van een axiale projectie van een totaalscan die een
paar gezichtspunten omvat voor elke frequentierichting voor elke voxel die moet
gereconstrueerd worden;

voor elk paar gezichtspunten geassocieerd met elke voxel en frequentierichting, een
respectievelijk gezichitspunt selecteren dat dichter is dan een bepaald gezichtspunt en elk
respectief paar gezichtspunten verwerken zodanig dat het respectievelijk gezichtspunt dat
geselecteerd is een grotere bijdrage heeft in een overeenkomstige gereconstrueerde voxel bij

de overeenkomstige frequentierichting.
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Onderdeel VI

RO ROKOKX

Deze schriftelijke opinie bevat een toelichting op de volgende onderdelen:

Basis van de schriftelijke opinie

Voorrang

Vaststelling nieuwheid, inventiviteit en industriéle toepasbaarheid niet mogelijk
De aanvraag heeft betrekking op meer dan één uitvinding

Gemotiveerde verklaring ten aanzien van nieuwheid, inventiviteit en
industriéle toepasbaarheid
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Aanvraag nr.:

SCHRIFTELIJKE OPINIE NL2008891

Onderdeel | Basis van de Schriftelijke Opinie

1. Deze schriftelijke opinie is opgesteld op basis van de meest recente conclusies ingediend voor aanvang van het
onderzoek.

2. Met betrekking tot nucleotide en/of aminozuur sequenties die genoemd worden in de aanvraag en relevant
zijn voor de uitvinding zoals beschreven in de conclusies, is dit onderzoek gedaan op basis van:

a. type materiaal:
O sequentie opsomming
[0 tabel met betrekking tot de sequentie lijst
b. vorm van het materiaal:
O op papier
O in elektronische vorm
¢. moment van indiening/aanlevering:
OO0 opgenomen in de aanvraag zoals ingediend
00 samen met de aanvraag elektronisch ingediend
O later aangeleverd voor het onderzoek
3. O Ingeval er meer dan één versie of kopie van een sequentie opsomming of tabel met betrekking op een
sequentie is ingediend of aangeleverd, zijn de benodigde verklaringen ingediend dat de informatie in de

latere of additionele kopieén identiek is aan de aanvraag zoals ingediend of niet meer informatie bevatten
dan de aanvraag zoals oorspronkelijk werd ingediend.

4. Overige opmerkingen:

NL237B (July 2006)



Aanvraag nr.:

SCHRIFTELIJKE OPINIE NL2008891

Onderdeel lll Vaststelling nieuwheid, inventiviteit en industriéle toepasbaarheid niet mogelijk

De vraag of de uitvinding in de aanvraag nieuw, inventief en industrieel toepasbaar is, wordt niet behandeld in
deze schriftelijke opinie met betrekking tot:

O de gehele aanvraag

® conclusies 12

omdat:

O deze aanvraag of deze conclusies betrekking hebben op materie waarvoor het niet zinvol is een
schriftelijke opinie op te stellen.

& de beschrijving, figuren of deze conclusies 12, , zo onduidelijk zijn dat het niet zinvol is een schriftelijke
opinie op te stellen.
Zie aparte bladzijde

O deze conclusies , onvoldoende steun vinden in de beschrijving waardoor het niet zinvol is een
schriftelijke opinie op te stellen.

O geen onderzoek naar de stand van de techniek is uitgevoerd voor deze conclusies

O een zinvolle schriftelijke opinie niet opgesteld kon worden omdat de sequentie opsomming niet beschikbaar
was in het juiste formaat, of in het geheel niet beschikbaar was (WIPO ST25).

L} een zinvolle schriftelijke opinie niet opgesteld kon worden zonder de tabellen met betrekking tot de
sequentie opsommingen,; of deze tabellen waren niet beschikbaar in elektronische vorm.

X Zie aparte bladzijde

Onderdeel V. Gemotiveerde verklaring ten aanzien van nieuwheid, inventiviteit en industriéle
toepasbaarheid

. Verklaring

Nieuwheid Ja: Conclusies 1-11
Nee: Conclusies

Inventiviteit Ja: Conclusies 1-11
Nee: Conclusies

Industriéle toepasbaarheid Ja: Conclusies 1-11

Nee: Conclusies

. Citaties en toelichting:

Zie aparte bladzijde

NL2378 (July 2006)



Aanvraag nr.:

SCHRIFTELIJKE OPINIE NL2008891

Onderdeel VII Overige gebreken

De volgende gebreken in de vorm of inhoud van de aanvraag zijn opgemerkt:

Zie aparte bladzijde

Onderdeel VIl Overige opmerkingen

De volgende opmerkingen met betrekking tot de duidelijkheid van de conclusies, beschrijving, en figuren, of met
betrekking tot de vraag of de conclusies nawerkbaar zijn, worden gemaakt:

Zie aparte bladzijde

NL237B (July 2006)



SCHRIFTELIJKE OPINIE AANVRAAGNUMMER
(APARTE BLADZIJDE) NL2008891

Re ltem V

Reasoned statement with regard to novelty, inventive step or industrial
applicability; citations and explanations supporting such statement

1 Reference is made to the following document:

D1 JED D PACK ET AL: "A novel approach to reconstruct cone-beam data
acquired on less than a full scan”,
NUCLEAR SCIENCE SYMPOSIUM CONFERENCE RECORD, 2008. NSS '08.
IEEE (19-25 OCT. 2008), IEEE, PISCATAWAY, NJ, USA, 19 oktober 2008
(2008-10-19), bladzijden 4229-4231, XP031418484,
ISBN: 978-1-4244-2714-7

2 D1 is regarded as being the prior art closest to the subject-matter of claim 1,
and discloses a method for cone-beam reconstruction wherein the
reconstruction is decomposed into an infinite series of generalized Pl-segment
reconstructions. From this, a correction term is derived to diminish the over-
and underweighting of spatial frequency data.

3 The subject-matter of claim 1 therefore differs from this known method in that
preliminary images are filtered so as to preserve a subset of frequencies that
are the most uniformly weighted to produce partial reconstructions over
shifted view ranges, and is therefore new.

4 The problem to be solved by the present invention may be regarded as to
improve the handling of redundantly measured data in axial cone-beam
imaging.

5 The solution to this problem proposed in claim 1 of the present application is

considered as involving an inventive step for the following reasons: starting
from D1 and bearing the above objective technical problem in mind, the skilled
person would find no suggestion nor even a vague hint towards the claimed
solution. As this is also non-obvious with regard to the general knowledge of
the skilled person, an inventive step has to be acknowledged.

6 Claims 2-11 are dependent on claim 1 and as such also meet the
requirements of novelty and inventive step.

Form NL237-3 (separate sheet) (July 2006) (sheet 1)



SCHRIFTELIJKE OPINIE AANVRAAGNUMMER

(APARTE BLADZIJDE) NL2008891
Re Item lll

Re Item VIii

7 Claim 12 is not clear and broader than supported by the description. It

appears that claim 12 relates to a process for selecting view angles which are
used for the partial reconstruction of claim 1, cf. p. 11, I. 15-23 of the
specification. This however not comprised by the claim, rather the selection
process is claimed alone, thus unduly broadening the subject-matter of the
claim. A meaningful assessment of novelty and inventive step is therefore not

possible.
Re Item Vi
8 The relevant background art disclosed in D1 is not mentioned in the

description, nor is this document identified therein.

Form NL237-3 (separate sheet) (July 2006) (sheet 2)
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