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Description

[0001] Computerized tomography (CT) involves the
imaging of the internal structure of a target object by col-
lecting projection data in a single scan operation ("scan").
CT is widely used in the medical field to view the internal
structure of selected portions of the human body. In an
ideal imaging system, rays of radiation travel along re-
spective straight-line transmission paths from the radia-
tion source, through a target object, and then to respec-
tive pixel detectors of the imaging system to produce vol-
ume data (e.g., volumetric image) without artifacts.
[0002] However, in practice, volume data may contain
image artifacts, such as streaking, noise, cupping, ring-
ing, shadows, blurring, etc. For example, the image arti-
facts may be caused by errors in the projection data, such
as data inconsistencies, missing data, geometrical un-
certainties, superimposition in the projection space, var-
ious physical properties (e.g., scatter not covered by the
reconstruction algorithm), etc. All of the foregoing leads
to image degradation and affects, for example, subse-
quent diagnosis and treatment planning. It is therefore
desirable to develop techniques that reduce image arti-
facts in the volume data by correcting the projection data.
[0003] Journal article entitled "Moving metal artifact re-
duction in cone-beam CT scans with implanted cylindrical
gold markers" by Toftegaard, Jakob et. al. describes ar-
tifact reduction in CT scans using automatic segmenta-
tion of cylindrical markers, removal of each marker in the
projections, reconstruction of standard and marker-free
CBCT volumes, and generation of a final CBCT recon-
struction from the standard and marker free CBCT vol-
umes.

SUMMARY

[0004] In at least one example of the present invention,
there is disclosed a method to reduce image artifacts
according to claim 1. The method may include obtaining
measured projection data acquired using an imaging sys-
tem, the measured projection data being associated with
a target object and an artifact source within a radiation
field of the imaging system. The method may also include
generating virtual projection data associated with the ar-
tifact source by forward projecting a model representing
one or more physical properties of the artifact source.
The method may further include generating corrected
projection data based on the measured projection data
and the virtual projection data; and reconstructing the
corrected projection data into reconstructed volume im-
age data to reduce image artifacts caused by the artifact
source.
[0005] The foregoing summary is illustrative only and
is not intended to be in any way limiting. In addition to
the illustrative aspects, embodiments, and features de-
scribed above, further aspects, embodiments, and fea-
tures will become apparent by reference to the drawings
and the following detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006]

FIG. 1 is a schematic diagram illustrating an example
imaging system;

FIG. 2 is a schematic diagram illustrating an example
configuration of a radiation source and a detector
with respect to a target object at multiple projection
angles;

FIG. 3 is a flowchart of an example process to reduce
image artifacts in reconstructed volume data;

FIG. 4 is a flowchart of an example process with po-
sition and orientation estimation to reduce image ar-
tifacts in reconstructed volume data;

FIG. 5 is a flowchart of an example process with tra-
jectory estimation to reduce image artifacts in recon-
structed volume data;

FIG. 6 a flowchart of an example process with model
extraction to reduce image artifacts in reconstructed
volume data;

FIG. 7 illustrates an example implementation of im-
age artifact reduction according to the examples in
FIG. 3, FIG. 4, FIG. 5 and FIG. 6;

FIG. 8A illustrates example reconstructed volume
data generated by applying a reconstructed opera-
tion on measured projection data in FIG. 7;

FIG. 8B illustrates an enlarged section of the recon-
structed volume data in FIG. 8A;

FIG. 8C illustrates example reconstructed volume
data generated by applying a reconstructed opera-
tion on corrected projection data in FIG. 7;

FIG. 8D illustrates a difference between the example
reconstructed volume data in FIG. 8A and the exam-
ple reconstructed volume data in FIG. 8C; and

FIG. 9 is an example computing device configured
to reduce image artifacts in reconstructed volume
data.

DETAILED DESCRIPTION

[0007] In the following detailed description, reference
is made to the accompanying drawings, which form a
part hereof. In the drawings, similar symbols typically
identify similar components, unless context dictates oth-
erwise. The illustrative embodiments described in the de-
tailed description, drawings, and claims are not meant to

1 2 



EP 3 340 883 B1

3

5

10

15

20

25

30

35

40

45

50

55

be limiting. Other embodiments may be utilized, and oth-
er changes may be made, without departing from the
scope of the invention as defined by the appended
claims. It will be readily understood that the aspects of
the present disclosure, as generally described herein,
and illustrated in the Figures, can be arranged, substi-
tuted, combined, separated, and designed in a wide va-
riety of different configurations, all of which are explicitly
contemplated herein.
[0008] FIG. 1 is a schematic diagram illustrating exam-
ple imaging system 100. Although one example is shown,
imaging system 100 may have alternative or additional
components depending on the desired implementation
in practice. In the example FIG. 1, imaging system 100
includes radiation source 110; detector 120 having pixel
detectors disposed opposite to radiation source 110
along a projection line (defined below; see 185); first set
of fan blades 130 disposed between radiation source 110
and detector 120; and first fan-blade drive 135 that holds
fan blades 130 and sets their positions. The edges of fan
blades 130 may be oriented substantially perpendicular
to a scan axis (defined below; see 180), and are sub-
stantially parallel with the trans-axial dimension (defined
below) of detector 120.
[0009] Imaging system 100 may further include second
set of fan blades 140 disposed between radiation source
110 and detector 120, and second fan-blade drive 145
that holds fan blades 140 and sets their positions. The
edges of fan blades 140 may be oriented substantially
parallel with a scan axis (defined below; see 180), and
are substantially perpendicular to the axial dimension
(defined below) of detector 120. Fan blades 130 and 140
are generally disposed closer to the radiation source 110
than detector 120. They are normally kept wide open to
enable the full extent of detector 120 to be exposed to
radiation, but may be partially closed in certain situations.
[0010] Imaging system 100 further includes gantry 150
that holds at least radiation source 110, detector 120,
and fan-blade drives 135 and 145 in fixed or known spa-
tial relationships to one another, mechanical drive 155
that rotates gantry 150 about target object 105 disposed
between radiation source 110 and detector 120, with tar-
get object 105 being disposed between fan blades 130
and 140 on the one hand, and detector 120 on the other
hand. The term "gantry" has a broad meaning, and covers
all configurations of one or more structural members that
can hold the above-identified components in fixed or
known (but possibly movable) spatial relationships. For
the sake of visual simplicity in the figure, the gantry hous-
ing, gantry support, and fan-blade support are not shown.
[0011] Additionally, imaging system 100 includes con-
troller 160, user interface 165, and computing device 170.
Controller 160 may be electrically coupled to radiation
source 110, mechanical drive 155, fan-blade drives 135
and 145, detector 120, and user interface 165. User in-
terface 165 may be configured to enable a user to at least
initiate a scan of target object 105, and to collect meas-
ured projection data from detector 120. User interface

165 may be configured to present graphic representa-
tions of the measured projection data. Computing device
170, coupled to controller 160, may be configured to per-
form simulation operations, data processing operations,
and other operations that will be described in more detail
below.
[0012] In imaging system 100, gantry 150 may be con-
figured to rotate about target object 105 during a scan
such that radiation source 110, fan blades 130 and 140,
fan-blade drives 135 and 145, and detector 120 circle
around target object 105. More specifically, gantry 150
may rotate these components about scan axis 180. As
shown in FIG. 1, scan axis 180 intersects with projection
line 185, and is typically perpendicular to projection line
185. Target object 105 is generally aligned in a substan-
tially fixed relationship to scan axis 180. The construction
provides a relative rotation between projection line 185
on one hand, and scan axis 180 and target object 105
aligned thereto on the other hand, with the relative rota-
tion being measured by an angular displacement value θ.
[0013] Mechanical drive 155 may be coupled to the
gantry 150 to provide rotation upon command by control-
ler 160. The array of pixel detectors on detector 120 may
be periodically read to acquire the data of the radiograph-
ic projections (also referred to as "measured projection
data" below). Detector 120 has X-axis 190 and Y-axis
195, which are perpendicular to each other. Detector 120
may be oriented such that its Y-axis 195 is parallel to
scan axis 180. For this reason, Y-axis 195 may also be
referred to as the axial dimension of detector 120, and
X-axis 190 may be referred to as the trans-axial dimen-
sion, or lateral dimension, of detector 120.
[0014] X-axis 190 is perpendicular to a plane defined
by scan axis 180 and projection line 185, and Y-axis 195
is parallel to this same plane. Each pixel on detector 120
is assigned a discrete X-coordinate ("X") along X-axis
190 and a discrete Y-coordinate ("Y") along the Y-axis
195. A smaller number of pixels are shown in the figure
for the sake of visual clarity. Detector 120 may be cen-
tered on projection line 185 to enable full-fan imaging of
target object 105, may be offset from projection line 185
to enable half-fan imaging of target object 105, or may
be movable with respect to projection line 185 to allow
both full-fan and half-fan imaging of target object 105.
[0015] Throughout the present disclosure, the terms
"projection view", and "projection angle" are used inter-
changeably. The terms "projection data", "projection(s)",
"radiographic projection(s)" and "projection image(s)"
are also used interchangeably.
[0016] As explained using FIG. 1, radiation source 110
and detector 120 may be rotated 360° about target object
105 to acquire projection data at various angles, such as
for every 1°. In more detail, FIG. 2 is a schematic diagram
illustrating example configuration 200 of radiation source
110 and detector 120 with respect to target object 105
at multiple projection angles. The X-Y plane is defined
as the plane of the paper and the Z axis extends out from
the paper. For simplicity, two projection angles θ1 (see
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202) and θ2 (see 204) are shown in FIG. 2 but projection
data may be collected at additional or alternative angles
in practice.
[0017] During imaging, target object 105 (generally a
patient, etc.) lies on a patient table or treatment couch
210 (e.g., having couch rails 215) while radiation source
110 is rotated about target object 105. Target object 105
is also generally held at a relatively stationary position
using immobilization device 220, such as a head mask,
neck mask, headrest, head frame, body-fix frame, eye
and chin mask, bite blocks, upper bite mold, patient sup-
port frame, vacuum mold bags, polyurethane foam casts,
etc. To facilitate real-time tracking of a structure or region
of interest (e.g., tumor) of target object 105, localization
device 230 such as the Calypso system from Varian Med-
ical Systems, Inc., etc., may be used. This enables clini-
cian to keep the region of interest in the path of radiation
beam from radiation source 110 substantially at all times.
In practice, the Calypso system may perform real-time
tracking using radiofrequency waves. Target object 105
may be implanted with at least one electromagnetic
transponder (see implant 235) to transmit location infor-
mation to localization device 230.
[0018] In a cone-beam computerized tomography
(CBCT) system, various components may scatter radia-
tion and introduce artifacts. Some examples include,
without limitation, a bow-tie filter, the target object being
scanned, an anti-scatter grid, and the detector housing
of the system. Additional description is provided in a com-
monly owned U.S. Patent No. 8,326,011, which is incor-
porated by reference herein in its entirety.
[0019] Further, treatment couch 210, couch rails 215,
immobilization device 220, localization device 230 and
implant device 235 may cause considerable image arti-
facts in reconstructed image data generated from pro-
jection data acquired using imaging system 100. For ex-
ample, treatment couch 210 may introduce beam hard-
ening and scatter, and movement of treatment couch
210, couch rails 215, immobilization device 220, locali-
zation device 230 and implant device 235 during scan-
ning may also cause motion artifacts (e.g., streaking,
blurring, etc.) in the reconstructed volume data.
[0020] Truncation may also be evident in the projection
space due to missing data. Such truncation mainly results
in cupping artifacts (commonly known as truncation arti-
facts) in the volume space if not handled properly. In the
example in FIG. 2, truncation may occur when treatment
couch 210, immobilization device 220 and localization
device 230 are located within radiation field 240 (also
known as "radiated field") of imaging system 100, but not
fully covered by imaging field 250. Truncation may also
occur when couch rails 215 or any other device are lo-
cated within radiation field 240, but outside of imaging
field 250. This is because imaging field 250 is generally
smaller than radiation field 250 due to limitations of im-
aging system, such as the size of detector 120. Since
imaging field 250 represents a field of measurement of
imaging system 100, any object that is not fully irradiated,

because it is fully or partially outside imaging field 250,
will only be partially visible or not visible in the projection
data.
[0021] As an example, since treatment couch 210 is
not fully within imaging field 250, some data relating to
treatment couch 210 (e.g., edges that extend beyond im-
aging field 250) will be missing when radiation source
110 is at certain positions or angles (e.g., due to the size
of detector 120). In this case, parts of treatment couch
210 that are within imaging field 250 are visible in all
projection data. However, other parts of treatment couch
210 that are outside of imaging field 250 may be included
at certain view angles and may not be included for other
view angles. This is also known as the missing data issue
and causes data inconsistencies in the projection data.
In practice, the amount of truncation may depend on the
size of detector 120; the size of couch 210, couch rails
215, immobilization device 220 or localization device 230
and the projection angle of radiation source 110, etc.
Truncation may become evident in the projection space
due to missing data next to the edge of detector 120.
[0022] In another example, implant device 235 that is
fully within both radiation field 240 and imaging field 250
may also cause scatter in the projection data that results
in undesirable image artifacts in the reconstructed image
volume. The image artifacts reduce the quality of the re-
constructed volume image data, which in turn adversely
affects the quality of any subsequent diagnosis, patient
positioning, treatment planning, dose verification, or any
other analysis that relies on the reconstructed volume
data. In the following, the term "artifact source" will be
used to refer generally to an object, device or system
located within radiation field 240 that introduces errors
(e.g., data inconsistencies, missing data, scatter, etc.) in
the projection data acquired during a scan and in turn
causes image artifacts in the volume data reconstructed
from the projection data.
[0023] The artifact source may be (a) fully visible, (b)
partially visible or (c) not visible within imaging field 250.
These scenarios are represented in Fig. 2 at (a) 260 (i.e.,
fully within imaging field 250), (b) 261 (i.e., partially within
imaging field 250) and (c) 262 (i.e., outside of imaging
field 250), respectively. Although treatment couch 210,
couch rails 215, immobilization device 220, localization
device 230 and implant device 235 are used as examples
in FIG. 2, the model-based approach may be used for
other artifact sources such as implant devices for other
purposes, fiducial markers, etc. In some cases, target
object 105 itself may be an artifact source.

Image artifact reduction

[0024] FIG. 3 is a flowchart of example process 300 to
reduce image artifacts in reconstructed volume data 350.
Example process 300 may include one or more opera-
tions, functions, or actions illustrated by one or more
blocks, such as 310 to 360. The various blocks may be
combined into fewer blocks, divided into additional
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blocks, and/or eliminated based upon the desired imple-
mentation. Operations 325, 335, 345 and 355 in FIG. 3
may be performed by the computing device 170 of Fig.
1, and/or any other device not shown in Fig. 1.
[0025] Referring to 310 in FIG. 3, measured projection
data 310 associated with target object 105 and an artifact
source is obtained. As explained using FIG. 1, the artifact
source may be treatment couch 210, couch rails 215,
immobilization device 220, localization device 230, im-
plant device 235, etc. Here, the term "obtained" or "ob-
tain" may refer to either receiving measured projection
data 310 (e.g., from controller 160) or retrieving it from a
storage device. Measured projection data 310, which is
acquired using radiation source 110 and detector 120 of
imaging system 100, may be preprocessed after acqui-
sition using imaging system 100. Any suitable pre-
processing may be performed depending on the desired
implementation, such as defect pixel correction, dark field
correction, conversion from transmission integrals into
attenuation integrals (e.g., log normalization with air
norm), scatter correction, beam hardening correction,
decimation, etc.
[0026] Referring to 320 and 330 in FIG. 3, virtual pro-
jection data 320 associated with the artifact source is
generated based on model 330 of the artifact source.
Here, the term "model" may refer generally to a repre-
sentation of one or more physical properties of the artifact
source. For example, model 330 may include a virtual
representation of the position, orientation, shape, size,
material (e.g., density), attenuation coefficient and elec-
tron density of the artifact source. Model 330 may be
used to estimate artifacts caused by radiation beam from
radiation source 110 travelling through the artifact source
or part of the artifact source outside the imaging field 250.
[0027] Any suitable approach may be used to generate
virtual projection data 320, such as forward projection
operation 325 in FIG. 3 to forward-project model 330 of
the artifact source. As used herein, "forward projection"
may refer generally to a transformation from the volume
space to the projection space. Forward projection (also
known as synthesizing projection data) may include data
such as attenuation path integrals (primary signal),
Rayleigh scatter and Compton scatter. Forward projec-
tion operation 325 may be monochromatic or polychro-
matic; source-driven or destination-drive; voxel-based or
blob-based; and use Ray Tracing, Monte Carlo or any
suitable finite element methods.
[0028] Referring to 340 in FIG. 3, corrected projection
data 340 is generated based on measured projection da-
ta 310 and virtual projection data 320. In one example,
virtual projection data 320 is removed from measured
projection data 310 to generate corrected projection data
340 using artifact reduction operation 335. Here, the term
"removing" or "remove" at 340 in FIG. 3 may refer gen-
erally to a reduction of the visual impact of the artifact
source and may result in partial or complete elimination
of the artifact source from measured projection data 310.
[0029] For example, when the artifact source (e.g., im-

plant device 235 or treatment couch 210) is at least par-
tially within imaging field 250 (see also 260 and 261 in
FIG. 2), corrected projection data 340 may be generated
to fully or partially remove the artifact source from meas-
ured projection data 310 and/or to reduce or correct er-
rors caused by the artifact source in measured projection
data 310. In case of partial elimination, parts of the artifact
source that exceeds imaging field 250 may be removed,
while other parts within imaging field 250 are retained.
In another example, when the artifact source (e.g., couch
rails 215) is outside of imaging field 250 (see also 262 in
FIG. 2), corrected projection data 340 may be generated
to reduce or correct errors caused by the artifact source.
As discussed, the "errors" are caused by the artifact
source in the projection space and may include data in-
consistencies, missing data, scatter, beam hardening,
etc. Such errors lead to image artifacts in the volume
space.
[0030] Referring to 350 in FIG. 3, reconstructed volume
data 350 associated with target object 105 is generated
from corrected projection data 340 by performing recon-
struction operation 345. Any suitable reconstruction al-
gorithm may be used, such as non-iterative reconstruc-
tion (e.g., filtered back projection), iterative reconstruc-
tion (e.g., algebraic and statistical based reconstruction),
etc.
[0031] As such, using example process 300, corrected
projection data 340 is able to account for the artifact
source with model 330, and image artifacts caused by
an artifact source in reconstructed volume data 350 may
be reduced or removed. According to example process
300, reconstructed volume data 350 may be somewhere
between "assuming all of the artifacts are present" and
"assuming all of the artifacts are removed." The artifacts
caused by the artifact source may include truncation ar-
tifact as discussed above; motion artifact if the artifact
source moves during scanning; or beam hardening and
scatter. In the event of a truncation, model 330 of the
artifact source provides additional data to facilitate the
removal of the truncated artifact source.
[0032] In order to get a more complete or extended
representation of the imaged volume, the artifact source
may be reinserted after the reconstruction. For example,
reinsertion operation 355 may be performed to reinsert
model 330 into reconstructed volume data 350 to gener-
ate extended reconstructed volume data 360. Compared
to reconstructed volume data 350, extended reconstruct-
ed volume data 360 includes reconstructions of both tar-
get object 105 and the artifact source and may extend
imaging field 250 of imaging system 100. Extended re-
constructed volume data 360 may have the same size
as reconstructed volume data 350. Reinsertion operation
355 may be useful for applications (e.g., dose verification,
etc.) that require information outside of imaging field 250.
For some applications, however, reinsertion operation
355 may not be necessary, such as if the artifact source
is outside of imaging field 250.
[0033] Example process 300 may be used for the cor-
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rection of artifacts in volume data reconstructed from any
suitable projection data, such as CBCT images. In the
following, various examples will be further described with
reference to FIG. 4 (with position and orientation estima-
tion), FIG. 5 (with trajectory estimation) and FIG. 6 (with
model extraction). Example projection data and recon-
structed volume data will be explained using FIG. 7, FIG.
8A, FIG. 8B, FIG. 8C and FIG. 8D; and example com-
puting device 170 using FIG. 9.

Position and orientation estimation

[0034] Model 330 in FIG. 3 relies on some prior knowl-
edge on the position and orientation of the artifact source
in order to generate virtual projection data 320. For ex-
ample, treatment couch 210, couch rails 215, immobili-
zation device 220 and any other device attached to im-
aging system 100 each have a known position and ori-
entation. This allows virtual projection data 320 to be di-
rectly computed from model 330 in order to remove the
artifact source and to reduce artifacts from measured pro-
jection data 310.
[0035] However, for an artifact source with unknown
position and orientation, its position and orientation may
be estimated before virtual projection data 320 is gener-
ated. In more detail, FIG. 4 is a flowchart of example
process 400 with position and orientation estimation to
reduce image artifacts in reconstructed volume data 450.
Example process 400 may include one or more opera-
tions, functions, or actions illustrated by one or more
blocks, such as 410 to 475. Computing device 170 in
FIG. 1, or any other suitable device, may be used to im-
plement example process 400.
[0036] Blocks 410 to 460 in FIG. 4 are similar to cor-
responding blocks 310 to 360 in FIG. 3. Similar to 310,
320, 325 and 330 in FIG. 3, measured projection data
410 in FIG. 4 is acquired using imaging system 100 and
virtual projection data 420 generated based on model
430 of an artifact source by performing forward projection
operation 425. Similar to 335, 340, 350, 355 and 360 in
FIG. 3, artifact reduction operation 435, reconstruction
operation 445 and reinsertion operation 455 in FIG. 4 are
performed to generate corrected projection data 440, re-
constructed volume data 450 and extended reconstruct-
ed volume data 460, respectively.
[0037] Additionally, one example of position and ori-
entation estimation is shown at 465 and 470 in FIG. 4.
In particular, prior reconstructed volume data 470 may
be generated from measured projection data 410 by per-
forming prior reconstruction operation 465. Here, the
term "prior" in "prior reconstruction operation" 465 rep-
resents a preliminary operation on measured projection
data 410 that is performed before artifact reduction op-
eration 435, reconstruction operation 445 and reinsertion
operation 455. Any suitable reconstruction algorithm may
be used to perform prior reconstruction operation 465,
such as iterative and non-iterative reconstruction.
[0038] Next, referring to 475 in FIG. 4, measured pro-

jection data 410 and/or prior reconstructed volume data
470 may be used to estimate the position and orientation
of the artifact source. Position and orientation estimation
operation 475 may include locating the artifact source
within a two-dimensional or three-dimensional space.
This may include registering model 430 of the artifact
source to measured projection data 410 (i.e., two-dimen-
sional image registration) and/or prior reconstructed vol-
ume data 470 (i.e., three-dimensional image registra-
tion).
[0039] Any suitable approach may be used, such as
feature point detection, object recognition, rigid registra-
tion, non-rigid image registration, etc. For example, fea-
tures associated with an artifact source may be detected
in measured projection data 410 and/or prior reconstruct-
ed volume data 470. The detected features are then
matched with model 430 to determine the position and
orientation of the artifact source. The features may be
two-dimensional or three-dimensional. Object recogni-
tion may also be performed to identify the type of artifact
source based on the detected features, such as specific
immobilization device 220 worn by target object 105.
[0040] Further, image registration may be used to
transform prior reconstructed volume data 470 and/or
measured projection data 410 into a reference coordinate
system of model 430. Rigid registration includes linear
transformations, such as translation and rotation. Non-
rigid registration is more suitable for artifact sources that
are deformable by, for example, target object 105 during
scanning. For example, non-rigid registration may in-
clude affine and scaling transformations, locally diverse
transformations, or iterative optimization of an objective
function that models the similarity between model 430
on the one hand, and measured projection data 410
and/or prior reconstructed volume data 470 on the other
hand.
[0041] As an example, although model 430 of a head
frame worn by target object 105 is available, the actual
position and orientation of the head frame may not be
known until scanning is performed. In this case, model
430 of the head frame cannot be used directly to generate
virtual projection data 420. To estimate its position and
orientation of the head frame, its model 430 is registered
in measured projection data 410 and/or prior reconstruct-
ed volume data 470. Based on the estimated position
and orientation, virtual projection data 420 is generated
from model 430 of the head frame.
[0042] Although an example is shown in Fig. 4, position
and orientation estimation may also be performed on
measured projection data 410 using two-dimensional to
two-dimensional (2D-2D) or two-dimensional to three-di-
mensional (2D-3D) registration algorithms. In this case
the prior reconstructed volume data 470 are not required.
Any additional or alternative estimation approaches may
be used.
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Trajectory estimation

[0043] As discussed using FIG. 2, motion artifacts may
be caused any artifact source that moves during scan-
ning. For example, treatment couch 210 (e.g., in a couch
tracking mode) and localization device 230 (e.g., marker
block) may not be completely stationary during scanning.
To reduce such motion artifacts, the trajectory of the ar-
tifact source may be estimated and time-dependent vir-
tual projection data synthesized.
[0044] In more detail, FIG. 5 is a flowchart of example
process 500 with trajectory estimation to reduce image
artifacts in reconstructed volume data 550. Example
process 500 may include one or more operations, func-
tions, or actions illustrated by one or more blocks, such
as 510 to 575. Computing device 170 in FIG. 1, or any
other suitable device, may be used to implement example
process 500. Blocks 510 to 560 in FIG. 5 are similar to
corresponding blocks 310 to 360 in FIG. 3.
[0045] In particular, similar to 310, 320, 325 and 330
in FIG. 3, measured projection data 510 in FIG. 5 is ac-
quired using imaging system 100 and virtual projection
data 520 generated based on model 530 of an artifact
source by performing forward projection operation 525.
Similar to 335, 340, 350, 355 and 360 in FIG. 3, artifact
reduction operation 535, reconstruction operation 545
and reinsertion operation 555 in FIG. 5 are performed to
generate corrected projection data 540, reconstructed
volume data 550 and extended reconstructed volume da-
ta 560, respectively.
[0046] Additionally, referring to 565 and 570 in FIG. 5,
prior reconstructed volume data 570 is generated from
measured projection data 510 by performing prior recon-
struction operation 565. Prior reconstruction operation
565 represents a preliminary operation on measured pro-
jection data 510 that is performed before artifact reduc-
tion operation 535, reconstruction operation 545 and re-
insertion operation 555. Any suitable reconstruction al-
gorithm may be used, such as iterative and non-iterative
reconstruction.
[0047] To reduce motion artifacts, trajectory estimation
operation 575 is performed to estimate a trajectory of the
artifact source from an initial position to an end position.
In this case, measured projection data 510 may represent
a time series of measured projection images taken over
time, such as at time t = 1, 2 ... N. See 511, 512 and 513
where three images are shown for simplicity. The position
of the artifact source at time t = 1 may be taken as the
initial position, and its position at t = N as the end position.
[0048] In one example, trajectory estimation operation
575 may include estimating the initial position of the ar-
tifact source at time t = 1 based on prior reconstructed
volume data 570. Next, motion of the artifact source over
time may be extracted from measured projection data
510 by tracking its positional change from the initial po-
sition at t = 1 (see 511) to the end position at t = N (see
513). Any suitable tracking approach may be used, such
as kernel-based tracking, point tracking, silhouette track-

ing, model-based pose estimation, etc. If available, a mo-
tion model of the artifact source may be used, such as
whether the artifact source is likely to undergo translation,
rotation, affine or a non-rigid motion.
[0049] Although an example is shown in FIG. 5, the
trajectory of the artifact source may be determined based
on an external source. For example, localization device
230 (see FIG. 2) such as a Calypso system may be used
to assist with trajectory estimation. Any other localization
device 230 may be used, such as VisionRT or any suit-
able camera system. This is generally useful to reduce
motion artifacts introduced by moving markers, such as
fiducial markers that are attached to or implanted in target
object 105. The fiducial markers are generally used to
define points or landmarks of a region of interest of target
object 105 such as a tumor. When target object 105
moves during scanning (e.g., due to respiratory motion,
cardiac motion, body motion, etc.), the fiducial markers
also move and cause motion artifacts in measured pro-
jection data 510. For tumor localization, multiple beacons
(e.g., two or three) may be placed around the tumor to
send data (e.g., position and orientation data) to the Ca-
lypso system wirelessly. The data may then be used to
determine the trajectory of the moving fiducial markers
to address motion artifacts.
[0050] Virtual projection data 520 may then be gener-
ated based on the trajectory estimated using trajectory
estimation operation 575 and model 530 of the artifact
source. In this case, virtual projection data 520 is gener-
ated to represent a time series of virtual projection images
at t = 1, 2 ... N. For example, virtual projection images
521, 522 and 523 represent various positions of the ar-
tifact source from an initial position at t = 1, an interme-
diate position at t = 2 to an end position at t = N.
[0051] Corrected projection data 540 may then be gen-
erated from virtual projection data 520 using artifact re-
duction operation 535. In particular, virtual projection im-
ages 521, 522 and 523 are used to correct corresponding
measured projection images 511, 512 and 513 separate-
ly. For example, for t = 1, virtual projection image 521 is
used to correct measured projection image 511. For t =
2, virtual projection image 522 is used to correct meas-
ured projection image 512, and finally for t = N, virtual
projection image 523 is used to correct measured pro-
jection image 513.
[0052] Since artifact reduction operation 535 is per-
formed on the various projection images, example proc-
ess 500 may be used independent of the scan type (e.g.,
three-dimensional or four-dimensional). Reconstructed
volume data 550 generated from corrected projection da-
ta 540 will also have reduced motion artifacts caused by
the artifact source. In practice, however, motion artifacts
induced by moving patient tissue might still be present.

Model extraction

[0053] The examples in FIG. 3, FIG. 4 and FIG. 5 rely
on a known model 330/430/530 of the artifact source for
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artifact reduction. Where there is no model is available,
model extraction may be performed using example proc-
ess 600 in FIG. 6. For example, when a model of treat-
ment couch 210 or immobilization device 220 is not avail-
able, the model may be extracted to suppress streaking
artifacts in respiratory-correlated image reconstructions.
[0054] In more detail, FIG. 6 is a flowchart of example
process 600 with model extraction to reduce image arti-
facts in reconstructed volume data 650. Example process
600 may include one or more operations, functions, or
actions illustrated by one or more blocks, such as 610 to
675. Computing device 170 in FIG. 1, or any other suit-
able device, may be used to implement example process
600. Blocks 610 to 660 in FIG. 6 are similar to corre-
sponding blocks 310 to 360 in FIG. 3.
[0055] In particular, similar to 310, 320, 325 and 330
in FIG. 3, measured projection data 610 in FIG. 6 is ac-
quired using imaging system 100 and virtual projection
data 620 generated based on model 630 of an artifact
source by performing forward projection operation 625.
Similar to 335, 340, 350, 355 and 360 in FIG. 3, artifact
reduction operation 635, reconstruction operation 645
and reinsertion operation 655 in FIG. 6 are performed to
generate corrected projection data 640, reconstructed
volume data 650 and extended reconstructed volume da-
ta 660, respectively.
[0056] Additionally, referring to 665 and 670 in FIG. 6,
prior reconstructed volume data 670 is generated from
measured projection data 610 by performing prior recon-
struction operation 665 using any suitable reconstruction
algorithm (e.g., iterative and non-iterative reconstruc-
tion). Prior reconstruction operation 665 represents a
preliminary operation on measured projection data 610
that is performed before artifact reduction operation 635,
reconstruction operation 645 and reinsertion operation
655.
[0057] Model extraction operation 675 is performed to
determine model 630 of the artifact source. In one exam-
ple, information from prior reconstructed volume data 670
may be utilized to extract model 630 of an artifact source
that is present within radiation field 240 during scanning.
As discussed using Fig. 2 and Fig. 3, the artifact source
may be (a) fully within, (b) partially within or (c) outside
of imaging field 250. A voxel-based model extraction may
be used to segment prior reconstructed volume data 670
into patient voxels and non-patient voxels. The patient
voxels ("first voxels") represent a first region within a body
outline of target object 105 while the non-patient voxels
("second voxels") represent a second region outside of
the body outline. Non-patient voxels may also be inside
the body outline, such as voxels relating to implant device
235, etc. To obtain model 630 of the artifact source (rep-
resenting the second region), patient voxels in the first
region may be removed from prior reconstructed volume
data 670.
[0058] In some cases, the segmentation may rely on
several assumptions. For example, since target object
105 is usually positioned substantially in the middle of

imaging field 250, central voxels are assumed to be pa-
tient voxels. On the other hand, corners of prior recon-
structed volume data 670 are usually non-patient voxels.
Any suitable approach may be used for the segmenta-
tion, such as threshold-based initial mask estimation,
erosion of initial mask estimation, two-pass flood fill, di-
lation of flood fill result, etc. Dilation and erosion tech-
niques can generally help to remove noise and gaps at
the boundary of the region. Depending on the desired
implementation, a more robust or sophisticated shape-
based or atlas-based segmentations may be used in
practice. Also, the assumptions discussed here may not
hold true for certain cases, such as when an implant is
placed next to a tumor that is present in the middle of
imaging field 250.
[0059] Although not shown in FIG. 6, feature point de-
tection, object recognition and object modelling ap-
proaches may be used to generate model 630. A com-
bination is also possible with example process 500 for
removing moving artifact source.

Example implementations

[0060] FIG. 7 illustrates an example implementation of
artifact reduction according to the examples in FIG. 3,
FIG. 4, FIG. 5 and FIG. 6. Although treatment couch 210
is used as an example artifact source for projection-
based couch removal, it will be appreciated any other
artifact source may be used. In more detail, measured
projection data 710 (e.g., CBCT images) includes pro-
jection data of target object 105 (e.g., patient) and treat-
ment couch 210 that is truncated due to not being fully
visible within imaging field 250.
[0061] To reduce image artifacts in the volume data
reconstructed from measured projection data 710, virtual
projection data 720 of treatment couch 210 is generated
by forward projecting model 730 of treatment couch 210.
722 and 724 in FIG. 7 represent attenuation path integrals
of treatment couch 210. Corrected projection data 740
is then generated by using measured projection data 710
and virtual projection data 720 to at least partially remove
treatment couch 210.
[0062] FIG. 7 also shows an example representation
of prior reconstructed volume data 750 (a 2D slice of the
3D volume data is shown for simplicity) generated from
measured projection data 710. Prior reconstructed vol-
ume data 750 may be generated for position and orien-
tation estimation according to example process 400 in
FIG. 4, trajectory estimation according to example proc-
ess 500 in FIG. 5 and model extraction according to ex-
ample process 600 in FIG. 6.
[0063] Prior reconstructed volume 750 also shows the
truncation of treatment couch 210, which is only partially
visible within imaging field 250. Using the example in
FIG. 6, model 730 of treatment couch 210 may be ex-
tracted from prior reconstructed volume data 750, such
as based on segmented body outline of target object and
threshold segmentation for artifact suppression.
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[0064] Further examples are provided in FIG. 8A, FIG.
8B, FIG. 8C and FIG. 8D. In more detail, FIG. 8A illus-
trates example reconstructed volume data 810 generat-
ed by applying a reconstruction operation on measured
projection data 710 in FIG. 7. FIG. 8B illustrates enlarged
section 815 of reconstructed volume data 810 in FIG. 8A.
FIG. 8C illustrates example reconstructed volume data
830 generated by applying a reconstruction operation on
corrected projection data 740 in FIG. 7. FIG. 8D illustrates
difference 840 between example reconstructed volume
data 810 in FIG. 8A and example reconstructed volume
data 830 in FIG. 8C. Here, the reconstruction of meas-
ured projection data 710 in Fig. 8A and corrected projec-
tion data 740 may be performed using any suitable re-
construction operation (e.g., 345/445/545/645 in FIGS.
3-6), such as a respiratory-correlated four-dimensional
(4D) image reconstruction.
[0065] Various image artifacts (e.g., streaking artifacts
due to poor data sampling as a result of respiratory-cor-
related 4D image reconstruction) are observed in FIG.
8B, such as in highlighted area 825. By removing treat-
ment couch data 720 from measured projection data 710,
the image artifacts (e.g., streaking/sampling) related to
treatment couch 210 are consequently removed from re-
constructed volume data 830. The image artifacts re-
duced may be observed in reconstructed volume data
830 in FIG. 8C, such as in corresponding highlighted area
835. The artifact reduction is also represented in FIG. 8D.
[0066] Examples in the present disclosure may be
used in conjunction with other approaches for further ar-
tifact reduction, such as respiratory and/or cardiac motion
compensation, motion updates (e.g., McKinnon-Bates
(MKB) algorithms), etc.

Computing device

[0067] The above examples can be implemented by
hardware, software or firmware or a combination thereof.
FIG. 9 is a schematic diagram of an example computing
device 900/170 to reduce artifact in projection data ac-
quired using imaging system 100. Example computing
device 900/170 may include processor 910, computer-
readable storage medium 920, interface 940 to interface
with controller 160 of imaging system 100, and bus 930
that facilitates communication among these illustrated
components and other components. Processor 910 is to
perform processes described herein with reference to
FIG. 1 to FIG. 8D.
[0068] Computer-readable storage medium 920 may
store any suitable data 922, such as measured projection
data 310/410/510/610, model of artifact sources
330/430/530/630, virtual projection data
320/420/520/620, corrected virtual projection data
340/440/540/640, reconstructed volume data
350/450/550/650, prior reconstructed volume data
470/570/670, extended volume data 360/460/560/660,
etc. Computer-readable storage medium 920 may further
store computer-readable instructions 924 which, in re-

sponse to execution by processor 910, cause processor
910 to perform processes described herein with refer-
ence to Fig. 1 to Fig. 8D.
[0069] The foregoing detailed description has set forth
various embodiments of the devices and/or processes
via the use of block diagrams, flowcharts, and/or exam-
ples. Insofar as such block diagrams, flowcharts, and/or
examples contain one or more functions and/or opera-
tions, it will be understood by those within the art that
each function and/or operation within such block dia-
grams, flowcharts, or examples can be implemented, in-
dividually and/or collectively, by a wide range of hard-
ware, software, firmware, or virtually any combination
thereof.
[0070] Those skilled in the art will recognize that some
aspects of the embodiments disclosed herein, in whole
or in part, can be equivalently implemented in integrated
circuits, as one or more computer programs running on
one or more computers (e.g., as one or more programs
running on one or more computer systems), as one or
more programs running on one or more processors (e.g.,
as one or more programs running on one or more micro-
processors), as firmware, or as virtually any combination
thereof, and that designing the circuitry and/or writing the
code for the software and or firmware would be well within
the skill of one of skill in the art in light of this disclosure.

Claims

1. A method to reduce image artifacts, the method com-
prising:

obtaining measured projection data acquired
using an imaging system, wherein the measured
projection data comprises a time series of meas-
ured projection images taken over time, at times
t = 1, 2...N, wherein the measured projection
data is associated with a target object and an
artifact source within a radiation field of the im-
aging system;
reconstructing the measured projection data in-
to prior reconstructed volume data;
estimating a trajectory of the artifact source from
an initial position at the time t=1 to an end posi-
tion at the time t=N based on the measured pro-
jection data and/or the prior reconstructed vol-
ume data;
generating virtual projection data associated
with the artifact source by forward projecting a
model representing one or more physical prop-
erties of the artifact source, said generating
based on the model and the estimated trajectory
of the artifact source;
wherein the generated virtual projection data
comprises a time series of virtual projection im-
ages representing positions of the artifact
source at the times t=1, 2 ... N;
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generating corrected projection data based on
the measured projection data and the virtual pro-
jection data, by correcting each of the measured
projection images at the times t = 1, 2 ...N using
corresponding virtual projection images at times
t = 1, 2 ...N; and
reconstructing the corrected projection data into
reconstructed volume image data to reduce im-
age artifacts caused by the artifact source.

2. The method of claim 1, wherein the artifact source
is at least partially within an imaging field that is
smaller than the radiation field and the corrected pro-
jection data is generated based on the virtual pro-
jection data to at least partially remove the artifact
source from the measured projection data and/or to
reduce errors caused by the artifact source in the
measured projection data.

3. The method of claim 1, wherein the artifact source
is outside of an imaging field that is smaller than the
radiation field and the corrected projection data is
generated based on the virtual projection data to re-
duce errors caused by the artifact source in the
measured projection data.

4. The method of claim 1, comprising reinserting the
model of the artifact source into the reconstructed
volume image data to generate extended volume im-
age data associated with the target object and arti-
fact source.

5. The method of claim 1, further comprising:

based on the measured projection data and/or
prior reconstructed volume image data, estimat-
ing a position and an orientation of the artifact
source; and
generating the virtual projection data associated
with the artifact source based on the model and
the estimated position and orientation of the ar-
tifact source.

6. The method of claim 5, wherein estimating the posi-
tion and orientation of the artifact source comprises:
registering the model of the artifact source to the
measured projection data and/or prior reconstructed
volume image data.

7. The method of claim 1, further comprising extracting
the model of the artifact source based on the prior
reconstructed volume image data.

8. The method of claim 7, wherein extracting the model
of the artifact source comprises:

segmenting the prior reconstructed volume im-
age data into first voxels associated with the tar-

get object and second voxels associated with
the artifact source; and
removing the first voxels from the prior recon-
structed volume image data to obtain the model
of the artifact source representing the second
voxels.

9. An imaging system configured to reduce artifact in
projection data, comprising:

a radiation source;
a detector;
a controller; and
a computing device coupled to the controller,
wherein the computing device is configured to
perform the method of any one of claims 1 to 8.

10. A non-transitory computer-readable storage medi-
um that includes a set of instructions which, in re-
sponse to execution by a processor of a computing
device, cause the processor to perform the method
of any one of claims 1 to 8.

Patentansprüche

1. Verfahren zum Reduzieren von Bildartefakten, wo-
bei das Verfahren Folgendes umfasst:

Erhalten gemessener Projektionsdaten, die un-
ter Verwendung eines Abbildungssystems er-
fasst wurden, wobei die gemessenen Projekti-
onsdaten eine Zeitreihe von gemessenen Pro-
jektionsbildern umfassen, über die Zeit aufge-
nommen wurden, zu Zeitpunkten t = 1, 2 ... N,
wobei die gemessenen Daten einem Zielobjekt
und einer Artefaktquelle innerhalb eines Strah-
lungsfeldes des Abbildungssystems zugeord-
net sind;
Rekonstruieren der gemessenen Projektions-
daten in vorher rekonstruierte Volumendaten;
Schätzen einer Trajektorie der Artefaktquelle
von einer Anfangsposition zum Zeitpunkt t = 1
zu einer Endposition zum Zeitpunkt t = N basie-
rend auf den gemessenen Projektionsdaten
und/oder den zuvor rekonstruierten Volumen-
daten;
Erzeugen virtueller Projektionsdaten, die der Ar-
tefaktquelle zugeordnet sind, durch Vorwärt-
sprojektion eines Modells, das eine oder meh-
rere physikalische Eigenschaften der Artefakt-
quelle darstellt, wobei das Erzeugen auf dem
Modell und der geschätzten Trajektorie der Ar-
tefaktquelle basiert;
wobei die erzeugten virtuellen Projektionsdaten
eine Zeitreihe von virtuellen Projektionsbildern
umfassen, die Positionen der Artefaktquelle zu
den Zeitpunkten t = 1, 2 ... N darstellen;
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Erzeugen korrigierter Projektionsdaten basie-
rend auf den gemessenen Projektionsdaten und
den virtuellen Projektionsdaten durch Korrigie-
ren jedes der gemessenen Projektionsbilder zu
den Zeitpunkten t = 1, 2 ... N unter Verwendung
entsprechender virtueller Projektionsbilder zu
den Zeitpunkten t = 1, 2 ... N; und
Rekonstruieren der korrigierten Projektionsda-
ten in rekonstruierte Volumenbilddaten, um
durch die Artefaktquelle verursachte Bildarte-
fakte zu reduzieren.

2. Verfahren nach Anspruch 1, wobei sich die Artefakt-
quelle zumindest teilweise innerhalb eines Abbil-
dungsfeldes befindet, das kleiner als das Strah-
lungsfeld ist, und die korrigierten Projektionsdaten
basierend auf den virtuellen Projektionsdaten er-
zeugt werden, um zumindest teilweise die Artefakt-
quelle aus den gemessenen Projektionsdaten zu
entfernen und/oder um Fehler zu reduzieren, die
durch die Artefaktquelle in den gemessenen Projek-
tionsdaten verursacht werden.

3. Verfahren nach Anspruch 1, wobei sich die Artefakt-
quelle außerhalb eines Abbildungsfeldes befindet,
das kleiner als das Strahlungsfeld ist und die korri-
gierten Projektionsdaten basierend auf den virtuel-
len Projektionsdaten erzeugt werden, um Fehler zu
reduzieren, die durch die Artefaktquelle in den ge-
messenen Projektionsdaten verursacht werden.

4. Verfahren nach Anspruch 1, umfassend ein Wieder-
einsetzen des Modells der Artefaktquelle in die re-
konstruierten Volumenbilddaten, um erweiterte Vo-
lumenbilddaten zu erzeugen, die dem Zielobjekt und
der Artefaktquelle zugeordnet sind.

5. Verfahren nach Anspruch 1, ferner umfassend:

basierend auf den gemessenen Projektionsda-
ten und/oder den zuvor rekonstruierten Volu-
menbilddaten, Schätzen einer Position und ei-
ner Orientierung der Artefaktquelle; und
Erzeugen der virtuellen Projektionsdaten, die
der Artefaktquelle zugeordnet sind, basierend
auf dem Modell und der geschätzten Position
und Orientierung der Artefaktquelle.

6. Verfahren nach Anspruch 5, wobei das Schätzen der
Position und Orientierung der Artefaktquelle Folgen-
des umfasst:
Registrieren des Modells der Artefaktquelle auf die
gemessenen Projektionsdaten und/oder vorher re-
konstruierten Volumenbilddaten.

7. Verfahren nach Anspruch 1, ferner umfassend Ex-
trahieren des Modells der Artefaktquelle basierend
auf den vorher rekonstruierten Volumenbilddaten.

8. Verfahren nach Anspruch 7, wobei das Extrahieren
des Modells der Artefaktquelle Folgendes umfasst:

Segmentieren der vorher rekonstruierten Volu-
menbilddaten in erste Voxel, die dem Zielobjekt
zugeordnet sind, und zweite Voxel, die der Ar-
tefaktquelle zugeordnet sind; und
Entfernen der ersten Voxel aus den zuvor re-
konstruierten Volumenbilddaten, um das Modell
der Artefaktquelle zu erhalten, welche die zwei-
ten Voxel darstellt.

9. Bildgebungssystem, das dazu konfiguriert ist, Arte-
fakte in Projektionsdaten zu reduzieren, umfassend:

eine Strahlungsquelle;
einen Detektor;
eine Steuereinheit; und
ein Computergerät, das mit der Steuereinheit
verbunden ist, wobei das Computergerät dazu
konfiguriert ist, das Verfahren nach einem der
Ansprüche 1 bis 8 durchzuführen.

10. Nichttransitorisches, computerlesbares Speicher-
medium, das Anweisungen beinhaltet, die als Reak-
tion auf eine Ausführung eines Computergeräts
durch einen Prozessor, den Prozessor veranlassen,
das Verfahren nach einem der Ansprüche 1 bis 8
durchzuführen.

Revendications

1. Procédé pour réduire des artefacts d’image, le pro-
cédé comprenant :

l’obtention de données de projection mesurées
acquises à l’aide d’un système d’imagerie, dans
lequel les données de projection mesurées
comprennent une série temporelle d’images de
projection mesurées prises dans le temps, aux
instants t = 1, 2...N, dans lequel les données de
projection mesurées sont associées à un objet
cible et à une source d’artefact à l’intérieur d’un
champ de rayonnement du système d’imagerie ;
la reconstruction des données de projection me-
surées en données de volume reconstruites
antérieures ;
l’estimation d’une trajectoire de la source d’ar-
tefact d’une position initiale à l’instant t = 1 à une
position finale à l’instant t = N sur la base des
données de projection mesurées et/ou des don-
nées de volume reconstruites antérieures ;
la génération de données de projection virtuel-
les associées à la source d’artefact en projetant
vers l’avant un modèle représentant une ou plu-
sieurs propriétés physiques de la source d’arte-
fact, ladite génération étant basée sur le modèle
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et la trajectoire estimée de la source d’artefact ;
dans lequel les données de projection virtuelles
générées comprennent une série temporelle
d’images de projection virtuelles représentant
les positions de la source d’artefact aux instants
t = 1, 2...N ;
la génération de données de projection corri-
gées sur la base des données de projection me-
surées et des données de projection virtuelles,
en corrigeant chacune des images de projection
mesurées aux instants t = 1, 2...N à l’aide des
images de projection virtuelles correspondantes
aux instants t = 1, 2...N ; et
la reconstruction des données de projection cor-
rigées en données d’image de volume recons-
truites pour réduire des artefacts d’image pro-
voqués par la source d’artefact.

2. Procédé selon la revendication 1, dans lequel la
source d’artefact est au moins partiellement à l’inté-
rieur d’un champ d’imagerie qui est plus petit que le
champ de rayonnement et les données de projection
corrigées sont générées sur la base des données
de projection virtuelles pour retirer au moins partiel-
lement la source d’artefact des données de projec-
tion mesurées et/ou pour réduire les erreurs causées
par la source d’artefact dans les données de projec-
tion mesurées.

3. Procédé selon la revendication 1, dans lequel la
source d’artefact est en dehors d’un champ d’ima-
gerie qui est plus petit que le champ de rayonnement
et les données de projection corrigées sont générées
sur la base des données de projection virtuelles pour
réduire les erreurs causées par la source d’artefact
dans les données de projection mesurées.

4. Procédé selon la revendication 1, comprenant la
réinsertion du modèle de la source d’artefact dans
les données d’image de volume reconstruites pour
générer des données d’image de volume étendues
associées à l’objet cible et à la source d’artefact.

5. Procédé selon la revendication 1, comprenant en
outre :

sur la base des données de projection mesurées
et/ou des données d’image de volume recons-
truites antérieures, l’estimation d’une position et
d’une orientation de la source d’artefact ; et
la génération des données de projection virtuel-
les associées à la source d’artefact sur la base
du modèle et de la position et de l’orientation
estimées de la source d’artefact.

6. Procédé selon la revendication 5, dans lequel l’esti-
mation de la position et de l’orientation de la source
d’artefact comprend :

l’enregistrement du modèle de la source d’artefact
dans les données de projection mesurées et/ou les
données d’image de volume reconstruites antérieu-
res.

7. Procédé selon la revendication 1, comprenant en
outre l’extraction du modèle de la source d’artefact
sur la base des données d’image de volume recons-
truites antérieures.

8. Procédé selon la revendication 7, dans lequel l’ex-
traction du modèle de la source d’artefact
comprend :

la segmentation des données d’image de volu-
me reconstruites antérieures en premiers voxels
associés à l’objet cible et en seconds voxels as-
sociés à la source d’artefact ; et
le retrait des premiers voxels des données
d’image de volume reconstruites antérieures
pour obtenir le modèle de la source d’artefact
représentant les seconds voxels.

9. Système d’imagerie configuré pour réduire l’artefact
dans les données de projection, comprenant :

une source de rayonnement ;
un détecteur ;
un dispositif de commande ;
un dispositif informatique couplé au dispositif de
commande,
dans lequel le dispositif informatique est confi-
guré pour mettre en œuvre le procédé selon
l’une quelconque des revendications 1 à 8.

10. Support de stockage non transitoire lisible par ordi-
nateur qui comporte un ensemble d’instructions qui,
en réponse à l’exécution par un processeur d’un dis-
positif informatique, amènent le processeur à mettre
en œuvre le procédé selon l’une quelconque des
revendications 1 à 8.

21 22 



EP 3 340 883 B1

13



EP 3 340 883 B1

14



EP 3 340 883 B1

15



EP 3 340 883 B1

16



EP 3 340 883 B1

17



EP 3 340 883 B1

18



EP 3 340 883 B1

19



EP 3 340 883 B1

20



EP 3 340 883 B1

21



EP 3 340 883 B1

22

REFERENCES CITED IN THE DESCRIPTION

This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

• US 8326011 B [0018]


	bibliography
	description
	claims
	drawings
	cited references

