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1. Introduction
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The presence of streak metal artifacts seriously degrades the diagnostic value and deteriorates the qualities of CT images.
Analyzing the causes and classical streak metal artifact reduction (MAR) methods, the paper proposes the streak metal artifact
reduction method based on sinogram fusion and tissue-class mode for CT images (F-MAR). Firstly, the original CT images are
corrected using a linear interpolation streak metal artifact reduction (L-MAR) scheme in the raw data domain. Subsequently,
to preserve the edge information, the metal artifact-reduced images are then smoothed into smoothed images (tissue-class
model) by using the mean filter. Segment the original CT image that contained the streak artifacts. The original CT image and
the CT image that contained high-density material are projected into the original sinogram and the high density material
sinogram, respectively. Secondly, the simple linear interpolation is used to correct the CT original CT image into the corrected
CT image. The mean filter is applied in the corrected CT image. The corrected CT image is projected into the corrected
sinogram. Thirdly, according to the position of the high density material sinogram located in the original sinogram and the
corrected sinogram, the original position sinogram included in the original sinogram and the corrected position sinogram
included in the corrected sinogram are, respectively, obtained. The two sinograms are fused into the fused sinogram. The fused
sinogram, the original sinogram, and the high-density material sinogram are fused into the final sinogram. Finally, the filtered
back projection reconstruction algorithm is used to reconstruct the final sinogram into the reconstructed CT image. The
reconstructed CT image and high density material image are fused into the final image. The experimentation results show that
the method proposed in the paper can obtain better correction effect than the classical correction methods in vision.

that can lead to streak artifacts. In general, the causes can
be summarized as beam hardening [1], partial volume effect

CT imaging system is one of the radiography technologies,
which is widely used in medical diagnosis, industry and
security detection, and other fields. In the medical field,
when the CT imaging system moves around the body, the
detector collects projection data. Then, these data are input
into the computer, and the two-dimensional fault images
or three-dimensional images are reconstructed and dis-
played with the help of computers. In normal case, the
reconstructed CT image is clear. However, during the course
of work, if the scanning area contains dental implant, inter-
nal fixture, and the high density material, such as prosthesis,
the reconstructed CT image contains some streak artifacts
with the collected projection data. There are some reasons

[2], the noise and movement, etc. The streak artifacts in the
CT image affect the resolution of CT image, reduce the CT
image quality, and seriously affect the diagnosis effect of
medical workers. Therefore, people think of a number of
methods reducing the streak artifacts and raising the CT
image qualities.

In general, these methods can be divided into two types,
namely, interpolation-based correction method [3-8] and
iterative-based correction method [9-12]. Interpolation-
based correction method [3-8] obtains projection data of
streak artifacts using the interpolation technique. The
method mainly includes simple linear interpolation, polyno-
mial interpolation, wavelet interpolation, etc. In recent years,
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FIGURE 1: Original CT image and corrected CT image.
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F1GURrE 2: The original CT image and segmented high density image.

people have proposed deep learning to correct metal artifacts
in CT images, which also belongs to this type method. As
can be seen from Figure 1, the secondary artifacts for the
method are the key shortcomings. Iterative-based correction
method mainly restores the streak artifact projection data by
iterative method. Compared with the interpolation-based
correction method [3-8], iterative-based correction method
[9-12] can obtain better correction effect. But the low effi-
ciency is fatal drawback for the method. During the work
of the iterative-based correction method, it cost much time
because the method restores the gray value of every position
in the CT image by calculating.

2. Method

The correction method based on image segmentation and
fusion CT image for streak artifacts is composed of the fol-
lowing five steps. To clearly show the every step and work
process, the CT images collected in clinical data are used
as experimentation data.

2.1. Multithreshold Segmentation and Sinogram Acquisition.
Image segmentation is the basic technology for image pro-
cessing, which is premise and method for the subsequent
processing. Usually, the CT image contains multiple high
density materials, which result in streak artifacts in recon-
structed CT image. Therefore, to optimally segment these
high density materials from CT image, the multithreshold
values are used to segment CT image. The threshold acqui-
sition adopts Otsu algorithm.

Here, Otsu algorithm is extended to multithreshold CT
image segmentation. The algorithm utilizes N threshold seg-
ment the CT image into N +1 classes. The following for-
mula (1) is variance between N + 1 classes [13].

D(t, ty, =+ 1) = wow; (U _.“1)2

+ wow, (U — F‘z)2+' Fwow, (4 — .”n)z
+wyw,(py - .“2)2 +wyw; (4, - !"3)2
+“.+wn71wn(lun—1 - xun)z’

(1)

Wiy = Zfirk,lﬂpir

Hp1= Z;itk_lﬂ (ipilwiy),

ke[l,n+1].

The optimal segmentation threshold 0<t, <t, .- <t,
<L -1 uses the biggest of D(t,,t,, -+, t,) for n+1 the total
variance between the classes, namely, (t,t,,-:-,t,)=arg
max {D(t}, £, - 1,) }.

The original CT image is segmented into the high den-
sity image and no-high density image. Figure 2 shows the
original CT image and high density material image.

2.2. Linear Interpolation Correction and Mean Filter. The
original CT image and high density material image are pro-
jected into the original sinogram and high density material
sinogram, respectively. After obtaining the original CT
image, the high density material image, and their corre-
sponding sinograms, the simple linear interpolation is used
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FiGURre 3: Corrected CT image and filtered CT image.

to correct the original CT image, such as Figure 3(a). As can
be seen from Figure 3(a), the secondary artifacts are shown
in the corrected CT image. The secondary artifacts seriously
affect the clarity for the CT image edge structure. To pre-
serve the CT image edge structure, during the course of
experimentation, the mean filter applied in the corrected
CT image.

There are M rows and N columns for the corrected CT
image. The v (i, j) is the grey value for coordinate pair (i, j)
. g(i+m,j+n) is defined as follows:

vi+mj+n) |vi+mj+n)-v(i,j)|<T

g(i+m,j+n)={

0 v(i+m,j+n)—v(ij)|>T

(2)

Here, —k<m <k and -k <n<k (k for the size of the
neighborhood). The v(i + m, j + n) is the grey value for coor-
dinate pair (i+m,j+n). T is the threshold. During the
course of the experimentation, it is necessary to choose the
appropriate value T, which is too small to remove the sec-
ondary artifacts. On the contrary, if the value T is too big,
the CT image edges are blurred. Generally speaking, the
organization structure in CT image is composed of soft tis-
sue, bone tissue, and air. The difference between them is
350HU. To preserve the organization structure edge for
CT image, the threshold T equals to 350.

The following (3) is mean filter formula for the corrected
CT image.

R(i,j) = Z"m=k2§=k%(i +m,j+n) ’ (3)

Here, C is the number of elements around (i, j). R and
R (i, j), respectively, denote the filtered image and grey value
for coordinate pair (i,j). Figure 3(b) shows the filtered
image.

As can be seen from Figure 3(b), the filtered image is
very clear. But the high density material is removed from
the filtered CT image. Therefore, the filtered CT image must
be further dealt.

2.3. Image Fusion. After the corrected CT image is filtered,
the image is projected into the filtered sinogram. According
to the locations of the high density material sinogram

(Figure 4(a)) in the original CT image sinogram (Figure 4
(b)) and filtered sinogram (Figure 4(c)), the high density
material sinogram in the original CT image (Figure 4(d))
and high density material sinogram in filtered image sino-
gram (Figure 4(e)) are obtained. According to a certain pro-
portion, the high density material sinogram in the original
CT image and filtered image sinogram are fused into fusion
sinogram. In the same way, the fusion sinogram (Figure 4
(f)), the original sinogram and the high density material
sinogram with a certain proportion are fused into the final
sinogram (Figure 4(g)). Figure 4 shows the corresponding
images for above every step.

2.4. Projection Reconstruction and High Density Image
Fusion. In practice, the filtered back-projection reconstruction
algorithm is used to reconstruct the final sinogram into the cor-
rected CT image. Figure 5(a) shows the corrected CT image
with the final sinogram. As can be seen from Figure 5(a), the
streak artifacts were reduced from the original CT. But the high
density materials disappear from the corrected CT image. The
reason for the phenomenon is that the corresponding sinogram
for high density materials is not included in the final sinogram.
To show the high density materials in the corrected image, the
corrected CT image and high density material image are fused
with the ratio 0.5:0.5. The final corrected image can be seen
from Figure 5(b).

3. Experimentation Data Acquisition

To further evaluate and demonstrate the performance of the
streak metal artifact reduction method based on sinogram
fusion and tissue-class model in CT images, providing the
above clinical CT image, the other clinical CT images are
provided in the selection.

The proposed F-MAR method is tested in several clin-
ical cases. They are grouped into two sets, as presented in
Figures 3 and 4. In Figure 3, every case only contains a
metal object. The other has at least two metal objects in
the clinical cases in Figure 4. These images with the exten-
sion “.dem” are downloaded from the web site http://www
revisionrads.com of REVISION RADIOLOGY group. In
Figure 3, Figure 3(al) and Figure 3(bl) are two patients
with two deep brain stimulators. The patient with
Figure 3(cl) has a metallic dental filling, while the head
CT images with a cerebral artery aneurysm are shown in
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FIGURE 4: (a) Original CT image sinogram. (b) High density material sinogram. (c) Filtered image sinogram. (d) The high density material
sinogram in the original CT image. (e) The high density material sinogram in filtered image sinogram. (f) Fusion sinogram. (g) Final

sinogram.

()

(®)

FiGure 5: Corrected CT image and fused CT image.

Figure 3(d1). Figure 3(el) is a patient with unilateral hip
prostheses. Compared to the Figure 3, the metal artifacts
of the four cases in Figure 4 are caused from pedicle screw
(Figure 4(al)), bilateral hip prostheses (Figure 4(bl)), a
cerebral artery aneurysm (Figure 4(cl)) and unilateral
hip prostheses (Figure 4(d1)).

4. Results

In this paper, the linear interpolation MAR method, polyno-
mial interpolation MAR method, and proposed MAR
method are shortened as L-MAR, P-MAR, and F-MAR.
The all corrected results with L-MAR, P-MAR, and F-
MAR are presented in the section.

The results for the clinical data sets are shown in
Figures 6 and 7. In Figure 6, Figures 6(al), 6(bl), 6(cl),

6(d1), and 6(el) are the original images. As can been from
the images, the cases contained a lot of streak metal arti-
facts emanating from the metal object. Compared to the
original images, the streak metal artifacts have been greatly
reduced by using the L-MAR method. But the new arti-
facts are introduced in the corrected cases. As be shown
in Figures 6(a2)-6(e2)). The P-MAR method has almost
the same correction effects with the L-MAR method. Their
corrected results with P-MAR method are provided in
Figures 6(a2)-6(e3). Images from Figures 6(a4)-6(e4) are
the corrected results using the F-MAR method proposed
in the paper. It is noteworthy that the presented approach
greatly reduces the streak metal artifacts in the original
images while not producing the new artifacts in the cor-
rected images. For more complex structures (at least two
objects with different size and type), the original cases
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FIGURE 6: Streak metal artifact reduction in clinical cases with a metal object. Five sets of original and corrected results corresponding to (a-
e). Each set successively contains the original, L-MAR, P-MAR, and F-MAR images. (a, b) Two patients with two deep brain stimulators.
The patient with (c) has a metallic dental filling, while the head CT images with a cerebral artery aneurysm are shown in (d). (e) A
patient with unilateral hip prostheses (C =500 HU/W = 1500 HU).
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FIGURE 7: Streak metal artifact reduction in clinical cases with at least two metal objects. Five sets of original and corrected results
corresponding to (a—e). Each set successively contains the original, L-MAR, P-MAR, and F-MAR images. The metal artifacts of the five
cases are caused from pedicle screw (al-a4), bilateral hip prostheses (bl-b4), a cerebral artery aneurysm (cl-c4), and unilateral hip
prostheses (d1-d4) (C =500 HU/W = 1500 HU).

are shown in Figures 7(al), 7(bl), 7(c1), and 7(d1). Obvi- obvious that the L-MAR and P-MAR methods can reduce
ously, these images are blurred by the metal objects in the  the streak metal artifacts, and the new artifacts still appear
cases. Images from Figures 7(a2)-7(d2) are the results with ~ in the corrected results. The best correction approach is
the L-MAR method. The corrected results with P-MAR  the proposed F-MAR method in this paper, and its correc-
method are provided in Figures 7(a3)-7(d3). It is very tion results are shown in Figures 7(a4)-7(d4)).
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5. Discussions

The streak metal artifacts arising from metal object degrade
even deteriorate CT images quality and impact the clinical diag-
nosis effect of the medical workers. Therefore, the researchers
propose several methods to reduce the streak metal artifacts in
the CT images. In these methods, the L-MAR method and its
corresponding variation, namely, P-MAR methods, are the sim-
plest and most efficient approach. On the whole, they can effec-
tively reduce the streak metal artifacts in the images and
improve the quality of the images. However, the new artifacts
appearing in corrected images are the main drawback. The basic
problem of the phenomenon is that the interpolation-based
method loses the relevant information during the interpolation.
To solve the problem, in the work, the F-MAR method is pro-
posed to reduce the metal artifact reduction in CT images.
The aim of the approach is to restore that the lost data after
the interpolation method is used. To restore the lost data, the
F-MAR method fuses the corresponding position original metal
object sinogram, smoothed sinogram, and metal object sino-
gram. In the corresponding position, original metal object sino-
gram contains the lost information during the interpolation
(about its details have been introduced above).

In clinical case studies, experiments show that the F-
MAR method obtains best results among the L-MAR
method, P-MAR method, and F-MAR method. These exper-
imental results also further verify that the proposed method
is superior to the traditional classical method.

6. Conclusion

The streak artifacts in CT image have been one of the key
factors that affect on the CT image qualities. These streak
artifacts not only obscure the CT image but also affect the
diagnosis effect of the disease and even the further develop-
ment of CT imaging system. To solve the problem and
improve the image quality, the researchers propose a variety
of approaches. On the basis of analyzing the classical streak
artifact correction, the paper proposes the streak artifact cor-
rection based on multithreshold segmentation and image
fusion and compares the method with classical correction
methods. The experimentation results indicate that both
comparison from the aspects of visual effect and streak arti-
fact reduction, the method proposed in the paper can obtain
better effect. This will lay a solid foundation for further
research and clinical application in the future.
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