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Abstract. Laboratory X-ray microtomography is a convenient method of studying the three-
dimensional structure of objects of different types. Modern laboratory microtomography setups
allow us to carry out measurements with submicron resolution. The laboratory sources of X-ray
radiations used in such setups have low intensity, so the recorded tomographic projections are
noisy. This often leads to the situation when the reconstructed tomographic images are also noisy,
and artifacts may appear on them {objects of a characteristic shape, which are absent in the real
object). In this work, we describe the methods of noise and artifacts suppression at all stages of
data processing: reducing noise in the original projection images, the inclusion of regularizing
members in the tomographic reconstruction procedure, filtering of reconstructed data. The
reduction of noise and artifacts on tomographic data allows not only to reconstruct the internal
structure of the objects under study but also to make a step towards temporal resolution and
spectral tomography on laboratory sources.
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1. Introduction.

Laboratory X —ray microtomography [1] is used to study the three-dimensional

structure of the objects in a nondestructive way. Modern microtomography setups allow us to
carry out measurements with the resolution up to 1 nanometer [2, 3]. The spatial resolution of the
tomographic method can be increased in various ways, for example, using a submicron probe in
scanning schemes or applying optical schemes with magnification. However, an increase in
spatial resolution inevitably leads to a decrease in the number of quanta collected by a detector
cell per unit of time. At the same time, increasing the exposure time is not always possible, since
the dose deposited in the sample increases proportionally. This can lead to degradation of the
sample until its destruction. The conclusion suggests itself that it is necessary to develop the
techniques for tomographic data handling that are able to work in conditions of a poor signal-to-
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noise ratio [4, 5]. In this work, we present the methods of noise and artifacts suppression in
tomographic images at all stages of data processing: reducing noise in the original projection
images, inclusion of regularizing members in the tomographic reconstruction procedure, filtering
of reconstructed data.

2. How to work with tomographic projections.

Since all reconstruction methods are based on assumptions about the ideal hardware of
the tomograph and the ideal implementation of the measurement scheme, any deviations from
these assumptions introduce artifacts into the result of reconstruction. Let's describe the model of
the experiment, which we use further to analyze the sources of error. The X —ray source and
detector are stationary. The specimen under study is mounted on the holder. The sample holder is
reinforced on the goniometer, allowing circular rotation of the sample with a given accuracy.

As was demonstrated [6] the source is not stable during the tomographic measurement.
Measurement time can range from a few minutes to a few days. If the instability is not
compensated, it can lead to slur (motion aberration) of different areas on the reconstructed
image. The approach to correct the effect of thermal instability of the spot position is described
[7].

Different detector cells have different quantum output. Miss calibration of the shells
produces the rings on the reconstructed image (Fig. 1) due to vertical lines on the sinograms
(Fig.2). In Fig.1 (left image) unfiltered sinogram was used to reconstruct the sample. Coaxial
circles are well pronounced. There are different approaches to filter the lines. In [8] it was
proposed to use one-dimensional low-pass filtering of the sums in Fourier space. The sum of all
grey values of each column of a sinogram is calculated before the filtering. The filtering in
sinogram space is evaluated in [9, 10].
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Fig.1. Left: Reconstruction without orthotropic artifacts removing. Right: Reconstruction after
sinogram filtering.
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Fig.2. Up: Sinogram with orthotropic artifacts of image registration. Down: Result after filtering.

The tilt of the rotation axis, which causes by the measurement geometry, is the next
problem. One of the approaches to solving the problem of ‘aligning' geometry on the basis of the
analysis of neighboring projections is presented in [11, 12].

3. Regularization-based reconstruction to reduce the noise influence

After all corrections of the measurement results (tomographic projections), they transfer to
the reconstruction. There are different approaches to reconstruct the images. The most
frequently, the integral approaches based on the inverse Radon transform are used. However,
they produce not acceptable results in the presence of a high level of noise. To decrease the noise
influence on the reconstruction result, the tomography inverse task is presented as a linear
system of equations and it is solved by a non-linear optimization algorithm. In Fig.3 the result of
the phantom reconstruction from the sinogram with high-level noise by algebraic approach is
presented. To compare the reconstruction performed by different criteria, we present the cross-
section of the phantom at the same Fig.3 on the right. Gray color corresponds to reconstruction
by the algebraic method, and black one corresponds to Filtered Back Projection reconstruction.
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Fig. 3 Left: Reconstruction of the phantom from the sinogram with high-level noise. Right: Cross-section
of the phantom.

The optimizing expression in the algebraic approach is a linear combination of two parts.
The first one is a quadratic discrepancy in the tomographic projections space. The second term is
a regularization part. In Fig.4 one tomographic projection of baby tooth with Pb inclusion inside
from the set, collected in the "Crystallography and Photonics” Federal Researcher Centre of the
Russian Academy of Science [13], is presented.

Fig.4 Tomographic projection and sinogram (corresponds to the green line on the projection)
of the baby tooth.

231



Asadchikov et al. || Armenian Journal of Physics, 2020, vol. 13, issue 3

An X —ray tube with Mo anode as a radiation source and a vacuum gauge for intensity
stability reasons we used. The projections were collected with a XIMEA-xiRay 11 Mpix
detector. The measurement parameters are - the tube was 40kV voltage, 20mA current and 5s
acquisition time per frame. The object-source distance was 1.2m and the object-detector distance
was 0.05m. No filters were used. Every rotational scan consisted of 400 projections with an
angular constant step size of 0.5deg. The detector pixel resolution was 9 um. In Fig.5 we
present the reconstruction of the cross-section from the sinogram presented in Fig 4. On the left
the cross section reconstructed by the Filtered Back projection method is presented. Pb inclusion
has very white border that does not correspond to the real case. The algebraic method was used
to reconstruct the central and right images.

Fig.5 Cross-section reconstruction by FBP (left) and SIRT with different coefficients in linear combination.

4. Conclusions

We presented an overview of methods for noise suppression in tomographic
reconstructions at all stages of data processing: noise reduction in the original projection images;
usage the additional regularizing terms in the optimized expression on reconstruction step;
filtering of reconstructed data. However, to suppress the noise completely is not possible. The
filtering back-projection procedure applied to the image of the residual error built in the
sinogram space will allow you to select the most dubious areas on the restored image [14]. It is a
way to delegate to the end customers (for example, to the doctors) 2 images: final reconstruction
result (like Fig. 6b) and the reconstruction from residual error (like Fig. 6b) as a criterion of the
truthfulness of the reconstruction result.
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Fig.6 a - Phantom, b- reconstruction result, c- reconstruction from residual error.
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The presence of an image containing the distribution of the remaining error reduces the odds of
a wrong recognition decision [15] when a doctor diagnoses or rejects products formed during a
multi-step manufacturing procedure. In the future we plan to include in our analysis the
distortions [16] arises from optical elements added in optical gate to increase the registered
image or to separate an individual energy line or a family of lines [17].
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