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Abstract. This article examines the method of image reconstruction,
which aims to restore the exposed areas on MRI images. The algorithm is
based on a geometric model for patch synthesis. The lost pixels are
recovered by copying pixel values from the source using a similarity
criterion. We used a trained neural network to choose the “best similar”
patch. Experimental results show that the proposed method outperforms
widely used state-of-the-art methods.

1 The statement of the problem

In modern society, we are confronted with digital images in a variety of situations: from
everyday life, where analog cameras have long been replaced by digital ones. Their
professional use is medicine, the sciences of earth, art, and security. Examples of medical
instruments for imaging are MRI (magnetic resonance imaging), PET (positron emission
tomography), CT (computed tomography) for imaging the brain, internal organs, the human
skeleton. These visualization tools usually create noisy or image with artifacts. Artifacts are
illuminated areas resulting from metal implants in the image. Also, there are many other
small items, such as surgical clips, dental fillers, mounting screws, or surgical pins, which
can also show as artifacts on MRI scans. When the X-rays reach the metal in the body, they
weaken considerably, with the result that fewer photons reach the detector.

Fig. 1. Examples of artifacts due to the presence of stainless-steel screws.

* . .
Corresponding author: gapon.n.v@gmail.com

© The Authors, published by EDP Sciences. This is an open access article distributed under the terms of the Creative
Commons Attribution License 4.0 (http://creativecommons.org/licenses/by/4.0/).



MATEC Web of Conferences 226, 04048 (2018) https://doi.org/10.105 1/matecconf/2018226 04048
DTS-2018

Nonlinearity caused by a low number of photons causes damage, seriously deteriorating the
image quality near metal surfaces and causing the appearance of illuminated areas.
Therefore, before they can be evaluated by doctors, they must be processed. This article
examines the method of image reconstruction, which aims to restore the exposed areas on
MRI images.

2 Proposed method

2.1. Method reconstruction

At the first step, for each pixel of the boundary &S, i using the inversion method the shape

of the domain for similarity search is adaptively determined by combining two adjacent
homogeneous sub regions in the direction of the maximum gradient [2,5,6].
The second step calculates the priority value P(8S) for each pixel value of the

boundary, which consists of two factors [3,5]:

P(5S) = C(S) - D(SS) (1)
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At the third step, we determine blocks Y ms h=1LR in the area of available pixels §

for which the Euclidean metric is minimal [4,6]:
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The pixel values in the region 7 adjacent to the pixel with the highest priority p are
reconstructed by averaging the corresponding pixels from chosen areas Yo in the area of
available pixels S using a neural network, in particular, a multi-layer perceptron [6].

The confidence coefficient C for restored pixels is assigned to the current value C(p).

After that, the procedure of priority correction and search of similar areas with
subsequent replacement is repeated.

2.2. Neural network

In this work, a neural network of direct signal propagation, which was trained using the
algorithm for backpropagation of the error was developed. The activation function which is
used in this network is the sigmoidal nonlinear function (sigmoidal nonlinearity), namely
the hyperbolic tangent function (4)[6].

f)= tanh(ax) = I=e™ “4)

2 1+e™

a - is the slope parameter of the sigmoidal activation function.
At the training stage of the neural network, pre-prepared data was fed to the input: a
block with random coordinates 9x9 in size was allocated to the image, then the central pixel
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was removed, and five most similar blocks were found on the whole image comparing them
by MSE.

Then the procedure was repeated on 35 images, and 100,000 blocks were obtained, they
were used as a training sequence for this network. This network contains three layers: the
first layer contains 20 neurons, the second layer also contains 20 neurons, the third layer
contains ten neurons (fig.2).
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Fig. 2. The architecture of the neural network.

The network created ten inputs, 5 of them were fed only the central pixels in the blocks
found, and the other five inputs fed the MSE of these blocks. As an output, there were the
central pixels of the original blocks.

3 The obtained results
Figure 3 and Figure 4 show examples of image restoration (a) of the original image, b) an

image with a mask of distorted pixels, ¢) an image reconstructed by the proposed method,
d) zoomed image.

Fig.3. Examples of processing: a) original image, Fig.4. Examples of processing: a) original image,
b) image with missing area, c¢) image b) image with missing area, c) image
reconstructed by the proposed method, d) reconstructed by the proposed method, d)
zoomed image. zoomed image.

The peculiarity of these test images is that the area of missing pixels located at the
intersection of several boundaries. The proposed method of reconstruction of pixel values
allows you to “correctly” restore them.
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Figure 5 shows an example of image restoration (a) of the original image, b) an image
with a mask of distorted pixels, ¢) an image reconstructed by the proposed method, d)
zoomed image. Also, it should be noted that the proposed method does not blur the texture
and structure when restoring large areas with lost pixels.

c d

Fig. 5. Examples of processing: a) original image, b) image with missing area, c) image reconstructed
by the proposed method, d) zoomed image.

The processing error values for the proposed method, EBM [1], Navier Stokes and
Telea methods are presented in Table 1. It should be noted that the quantitative values of
the errors are calculated in the reconstructed areas. When using the developed image
reconstruction method, the error values are on average 10—15% less than when processed
by EBM, Navier Stokes, and Telea.

Table 1. Processing error values.

Image 1 2 3

Method |[PP |EBM |NS Telea |PP EBM [NS Telea |PP EBM [NS |Telea
PSNR 30.7 |28.47 |26.01 |25.42 |25.22 |24.11 |25.82 |23.52 |36.3 |31.91 [28.24 |26.56
RMSE  [7.41 [9.61 [12.75 [13.65 |I5.18 [15.34 [16.36 |14.92 |3.9 646 |9.87 |[11.97
MAE 3.94 1492 |594 |731 |6.09 |69 6.08 |5.77 |1.8 249 3.6 448
SNR 26.1 |23.83 |21.37 |20.78 [18.58 [18.27 |22.18 |21.88 [31.18 |26.79 [23.11 |21.44
MAX 43 |57 79 81 58 117 |60 62 35 90 76 85

Figures 6-8 show examples of MRI image recovery. a) original image from artifacts a)
image reconstructed by the proposed method.

Fig. 6. Examples of processing: a) original image Fig. 7. Examples of processing: a) original image



MATEC Web of Conferences 226, 04048 (2018) https://doi.org/10.105 1/matecconf/2018226 04048
DTS-2018

from artifacts b) image reconstructed by the from artifacts b) image reconstructed by the
proposed method. proposed method.

b

Fig. 8. Examples of processing: a) original image from artifacts b) image reconstructed by the
proposed method.

4 Conclusion

The results of the recovery of MRI images using the proposed algorithm are presented. The
analysis of the image reconstruction method was carried out, which showed that the
proposed method makes it possible to efficiently restore artifacts of MRI images. Analysis
of the processing results shows that the proposed method allows you to correctly restore the
details and background in the image.
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