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Object Removal in Gradient Domain of Cone-Beam
CT Projections
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Abstract—We propose a method to reduce streak artifacts in
cone-beam CT reconstructions that arise from the edges of dense
objects outside the 3D field-of-view. To this end, ramp filtering is
decomposed into a derivative- and a Hilbert transform step. This
allows for spectral inpainting directly in gradient domain, such
that only contributions of sharp edges are removed. We applied
our approach to weight-bearing knee imaging data, where plastic
pipes outside the field-of-view introduce notable streak artifacts.
Streak artifacts in the reconstructions are reduced and on semi-
simulated data the correlation coefficient could be improved from
0.88 to 0.99. The method is applicable for arbitrary object shapes
and can be easily integrated into existing FDK reconstruction
algorithms.

I. INTRODUCTION

C -ARM cone-beam computed tomography (CBCT) sys-
tems offer an increasing variety of applications, espe-

cially due to their high flexibility and their large field-of-view
(FOV). Yet, in many cases objects are either truncated or
located outside the FOV. Consequently, these objects appear
only in a subset of the acquired projections and are not
sufficiently sampled, which results in view aliasing and trun-
cation artifacts. The resulting streaking in the reconstruction
decreases the diagnostic value of the images. Streaking is
more severe if the causing objects have a high attenuation or
sharp edges. Common approaches to reduce streak artifacts
can be found in metal artifact reduction [1] or view-alias
alleviation techniques [2]. Metal artifact reduction techniques
often work iteratively or need an initial reconstruction of the
object, which is imperative if it is located outside the FOV.
View-aliasing artifacts are often compensated for by using al-
gebraic reconstruction techniques, which are computationally
expensive. A popular approach seeks to remove patterns from
the projections that cause streak artifacts during reconstruction.
If the target structures are small, they can usually be removed
from the projection images directly via image inpainting [3].
If, however, the structures are large, inpainting in projection
domain directly is imperative due to the extensive intensity
profile of the object in the projections. The edges of the object,
however, are local and the main cause for streaking artifacts.
We propose to remove streaking artifact by spectral inpainting
in the gradient domain, by decomposing the ramp filter into
a derivative and a Hilbert transform [4]. This is beneficial,
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Fig. 1: Figure 1a shows a slice through the knee joint
of a supine scan. Figure 1b shows the raw projection data.
Figure 1c and 1d show ramp filtered versions of 1b without
and with the proposed object removal.

since the high frequency artifacts in the edge region appear
locally in the gradient image, whereas they are smeared into
neighboring regions in the ramp filtered image.

II. MATERIALS AND METHODS

Data: To test our algorithm, we used data from weight-
bearing and supine knee scans with the same scanning pa-
rameters as in [5]. In the weight-bearing scans, two large
objects of a stabilization device corrupt a subset of the
projections, introducing disturbing streak artifacts. We evaluate
our approach on semi-simulated [6], as well as on real data.
For the semi-simulated data digitally reconstructed radiographs
of the same device are added to a supine scan of the knees,
which enables quantitative assessment. The simulated object
is a pipe, which is placed vertically over the entire projection.

Reconstruction: The reconstruction is done with the stan-
dard FBP pipeline for CBCT data, except that we decomposed
the ramp filter into a derivative and the Hilbert-Transform. This
allows us to apply the correction algorithm in gradient domain
without introducing any other alterations to the reconstruction
algorithm.

Mask Creation: A mask M is defined, which covers the ob-
ject outline in the projections. In these regions, the inpainting
will take place. To this end, we define our simulated object in
3D and forward project it such that it aligns with the object
in the real data acquisition. The mask M is then extracted
from synthetically generated projection images. Since only
high variations of the object are responsible for the artifacts,
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see Figure 1c in case of the pipe, we define M to segment
regions with high gradient magnitude in the projection images.
Thus, only the edge region of the object has to be inpainted.

Inpainting: The masked areas are now considered corrupted
in the input image I . This area is restored after the computation
of the first derivative using spectral interpolation as proposed
in [7], yielding the inpainted image G. Interpolation in gradient
domain is beneficial over an interpolation of absorption values
or after ramp filtering. The first derivative is, compared to the
ramp filter, a local operator that preserves the locality of the
object boundaries allowing for a precise determination of M
without smearing the artifact in a larger area. Thus, the area
to be interpolated is smaller and the inner part of the object
is unaffected.

High Frequency Recovery: Some important anatomical
structures are still visible behind the disturbed area, but are
mainly filled with low frequent information in the inpainted
image G. We perform a method similar to the one presented
in [8], where part of the structures are regained from the
subtraction image S = I − G. Therefore, S is blurred and
subtracted from itself. The resulting residual image contains
high frequency information and is added to the inpainted im-
age G. An example projection without and with the proposed
correction step is shown in Figure 1c and 1d, respectively.
Note that in the center of the shown projections, a fiducial
marker is removed, using the approach described in [3].

III. RESULTS

For the semi-simulated data, zoomed regions of a recon-
struction slice are shown in Figure 2. Corresponding error
measures are shown in Table I. The ROIs for the zoomed
region (rectangle) and the error computation (ellipse) are
shown in Figure 1a. In Figure 2, we show reconstruction
results of the ground truth supine scan, a result containing
the simulated pipe, a correction image using the inpainting in
projection domain, and our new proposed method. One can
see that the proposed method efficiently removes most of the
streaks, which are present and indicated in Figure 2b. The
calculated error metrics support this observation, where we
achieve an improvement of the Cross Correlation (CC) from
0.88 to 0.99, as well as in the Structural Similarity (SSIM) [9]
from 0.89 to 0.99. Axial and coronal slices of reconstructions
of a standing acquisition with two real pipes outside the FOV
are shown in Figure 3. In the original, uncorrected images
shown in Figure 3a and 3d the streak artifacts are clearly
visible. In the corrected reconstructions, most of the artifacts
are removed. The difference images, presented in Figure 3c
and 3f, clearly show the removed artifact patterns.

IV. DISCUSSION AND CONCLUSION

We presented a new approach to remove streak artifacts in
CBCT reconstructions by inpainting the streak causing areas
in the gradient images of the projections. A challenging step is
the identification of the corrupted area. In our case, use of prior
knowledge was already rewarding, yet, a more sophisticated
object detection would increase the usability of the method.
Further, the ramp filter could also be decomposed as presented
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Fig. 2: Reconstructed regions of the semi-simulated data: (a)
ground truth of a supine scan, (b) corrupted, (c) corrected in
the line integral domain, (d) correction in gradient domain.

(a) Corrupted. (b) Corrected. (c) Difference Image.

(d) Corrupted. (e) Corrected. (f) Difference Image.

Fig. 3: Reconstruction results of the real data.

in [10], where the filtering and inpainting could be performed
in the image after the second derivative. Due to the removal of
some parts in the projections, some mass in the reconstruction
result is getting lost, which results in a slight low frequency
bias introduced into the reconstructions.

TABLE I: CC and SSIM of the ROI shown in Figure 1a.

CC SSIM
Corrupted 0.88 0.89
Corrected in line integral domain 0.96 0.97
Proposed method 0.99 0.99
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