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Abstract

Preprocessing of data for implementing an artificial intel- ligence system solving the problem
of differential diagnosis of Parkin- son’s disease and essential tremor based on the data of
nuclear magnetic resonance imaging is discussed. A database of 500 images of magnetic
resonance imaging and positron emission tomography of patients with Parkinson’s disease,
essential tremor, and unclear diagnoses is used. For preprocessing a neural network of the
DeepLab v3 + architecture was used. The accuracy of preprocessing “raw” images reached
87 %. Furthermore, the proposed solution adequately highlights the area corresponding to the
brain tissue on the magnetic resonance tomography. Therefore, the solution provides a
feasible mechanism to prepare data for a neural network implemented for the differential
diagnosis of Parkinson’s disease and essential tremor.
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1. Introduction

Parkinson’s disease and essential tremor are among the most common extrapyramidal diseases in
clinical practice. Itisimperative to differentiate these nosologies since the curation tactics, prognosis, and
patient compliance depend on the exact diagnostics.

Parkinson’s disease is currently the second most common neurodegenerative disease. Additionally,
significant growth of Parkinson’s disease is observed in the last three decades. Both environmental
and genetic factors contribute to the rise of the number of patients suffering from this disease [3].
Parkinson’s disease is a slowly progressive neurodegenerative disease which causes impaired motor
function with slow movements, tremors, and gait and balance disorders. Various non-motor symptoms
are common for Parkinson’s disease [27]. They include impaired autonomic function with orthostatic
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hypotension, constipation and urinary disturbances, various sleep disturbances, and a wide range of
neuropsychiatric symptoms [28].

Parkinson’s disease is detected primarily through clinical practice; however, it should be
confirmed by relevant lab studies. The gold standard for Parkinson’s disease diagnostics includes the
autopsy confirming the loss of neurons in the substantia nigra and the occurrence of Lewy bodies as
pathological markers of the disease [14]. However, there are still no methods free from failures to
diagnose Parkinson’s disease in vivo. It heavily complicates the early detection of Parkinson’s
disease and the differential diagnosis of Parkinson’s disease and essential tremor. Sometimes even
very experienced clinicians find it challenging to understand and correctly interpret similar symptoms
of these diseases.

Essential tremor has completely different pathogenesis. It is also among the most common
movement disorders affecting both children and adults. In 2018, essential tremor was defined as an
isolated action tremor in the upper limbs on both sides. Tremor can also be present in other body
parts, usually in the neck or vocal cords. Patients exhibiting additional neurological symptoms are
now referred to as essential tremor plus. Patients with essential tremors may exhibit these different
clinical symptoms at a later stage of the disease [19]. Extra clinical manifestations associated with this
malfunction include cognitive impairment, psychiatric disorders, and hearing loss [26]. Essential
tremor often occurs years or decades before other symptoms appear and progressively worsen.
Commonly, essential tremors are supposed to be a familial case which is more frequent as compared to
sporadic ones [25].

While patients with essential tremors are known to exhibit the tremor in activity, those with
Parkinson’s disease show mainly resting tremor. Some patients exhibit standard features making a
trouble in diagnostic for a physician [30]. If a patient has both essential tremor and Parkinson’s
disease symptoms, then it becomes even more difficult for clinicians to make reliable diagnostics. A
number of papers report that essential tremor can later be accompanied with Parkinson’s disease.
Several epidemiological studies were carried out to support the idea that the combination of essential
tremor and Parkinson’s disease is not just coincidental. In a population-based study conducted in
Spain, 3 % of patients with essential tremor later developed Parkinson’s disease compared with 0.4 % in
the control group; this supports the observation that patients with essential tremor have a higher risk
of the development of Parkinson’s disease [1]. In the study of 678 patients, 6.1 % of patients with
essential tremor had Parkinson’s disease [16], while another study of patients with essential tremor,
reports on 20.8 % with concomitant Parkinson’s disease [9].

The first investigation involving 600 patients shows higher incidence of essential tremor in patients
with Parkinson’s disease (5.9 %), when compared to the healthy control (0.0 %) [29]. Retrospectively,
in the study of 350 patients with essential tremor more than 20.2 % of them showed at least three of
four main features of Parkinson’s disease [18].

The implementation of reliable highly sensitive and specific biomarkers is a hot topic for
clinicians, nowadays. For example, images as biomarkers are widely used to detect Parkinson’s
disease and approve clinical observations [17]. Magnetic resonance imaging in Parkinson’s disease
shows an increased iron content in the substantia nigra for Parkinson’s disease patients. One of the
most developed magnetic resonance imaging markers is iron loading using T2 / T2 relaxometry [24].
Using T2 and T2 imaging of substantia nigra in patients with Parkinson’s disease, one can measure
the variation of the relaxation time constants as a reference for increased iron concentration in PD
patients. The changes in the brain of the PD patients were detected using a powerful magnetic
resonance imaging scanner (3 Tesla scanner) with the 1.5 Tesla magnetic field which is 10 to 15 times
stronger than in open MRI scanners. These imaging techniques are more sensitive to the content of
ferritin or neuromelanin in glands. Thus, magnetic resonance imaging is now the standard method for
the examination of patients with Parkinson’s disease aimed at discriminating the secondary causes of
the malfunction and providing specific knowledge necessary for detecting neurodegenerative
diseases.

However, positron emission tomography, namely computed tomography with 'F- DOPA (a
fluorinated form of levodopa) is the method with the highest specificity to detect Parkinson’s
disease. '8F-DOPA is a radioactive tracer for positron emission tomography scanning. It reveals
the function of striatal neurons in terms of dopamine consumption and provides a biomarker for
Parkinson’s disease [21,4,23,2].



Artificial neural networks are widely used to visualize positron-emission tomography data for the
disease diagnostics. The study in [5] reports that CNNs (convolution neural networks) trained on
images from Parkinson’s Progression Markers Initiative (PPMI, [13]) database show the excellent
results in recognition of Parkinson’s disease from magnetic resonance images. The overall accuracy of
95.29 %, an average recall of 0.943, an average accuracy of 0.927, an average specificity of 0.9430, a
fl-score of 0.936, and an area under the error curve (ROC-AUC) of 0.98 for both classes were
obtained.

The presence of signs of Parkinson’s disease using dopaminergic imaging methods SPECT
DaTscan was studied in [20]. Images were also taken from the PPMI database [13]. The resulting
convolutional neural network (VGG16) using transfer learning provided an accuracy of 95.2 %, a
sensitivity of 97.5 %, and a specificity of 90.9 % in diagnostics.

The study in [15] presents the approach to the classification of MRI images of the healthy and PD
patients using a deep convolution neural network, which is accompanied by the generation of
additional examples in the training set to improve the classification using generative adversarial networks
(Generative Adversarial Networks, GANs). The results illustrate that fine-tuning of the final CNN layers
improves the average classification accuracy up to 89.23 %.

The authors in [12] solved the problem of predicting the stage of disease in PD patients using the
functional images of their brain. The authors used a wide range of classification methods including
convolutionneural networks to get the result. Additionally, transfer learning was used to incorporate the
pre-trained weights and VGG16 architecture into the model setup.

It was previously shown that the differential diagnosis of Parkinson’s disease and essential tremor
is essential for the proper treatment of neurological diseases. In some studies, artificial neural
networks are used to solve this problem. Thus, in [11] a new method is proposed to distinguish
parkinsonian tremor from essential tremor based on spectral analysis using an accelerometer and
surface EMG signals using neural networks.

The authors in [22] propose a new method for the differential diagnosis of parkinsonian tremor (PT)
and essential tremor (ET) analyzing both postural tremor and resting tremor. The long-term, short-
term memory (LSTM) neural network was used as a tool for solving the problem. The accuracy of the
tremor classification for thecombined positions was 90%.

2. Scope of the study

The above presented review of literature shows that artificial intelligence systems are highly effective
for the differential diagnosis of essential tremor and Parkinson’s disease. However, it is limited to the
study of the tremor in patients, solely. At the same time, when diagnosing Parkinson’s disease, good
results are shown by the methods involving computer vision (in particular, convolution neural networks)
for processing images obtained during magnetic resonance imaging of patients.

This research opens a series of articles devoted to the study of a group of patients with
Parkinson’s disease and essential tremor and clinically unclear cases of patient symptomatology by
magnetic resonance imaging of the brain and positron emission tomography, namely, computed
tomography as a method of differential diagnosis. It is assumed that the result will be a tool to help
doctors to clarify the diagnosis of obscure patients.

Here, we present the solution of the problem of preprocessing of magnetic resonance tomography
stored in grayscale monochrome images to improve the quality of their processing by neural
networks in the learning process and in the differential diagnosis of Parkinson’s disease and essential
tremor by neural networks.

The preprocessing consisted in solving the following tasks:

1. Selection of the area corresponding directly to the brain tissue in a magnetic resonance image

(image segmentation);

2. Colorization of halftones of a black-and-white magnetic resonance image to increase the

likelihood of distinguishing features in the image by a neural network.

The transformed images are used as training samples to succeed in the second part of the study:
training of a convolution neural network (CNN) to solve the problem of differential diagnosis of
Parkinson’s disease and essential tremor based on tomography images. The segmentation reduces the



size of the image, thereby decreasing the dimensionality of the input signal of the neural network and
deliberately eliminating insignificant input signals: image points that are not related to brain tissues.
This approach is expected to speed up the training of the neural network and to increase the likelihood
of valid diagnostics.

3. Materials and methods
3.1. Deeplab v3 + architecture

To solve the segmentation problem, the DeepLab v3 + architecture was used. The efficiency of
the implementation of this architecture for the processing of magnetic resonance images is shown in
[8], thus supporting the efficiency for segmenting magnetic resonance imaging of the brain in
accordance with the objectives of the research. Furthermore, the implementation of DeepLab v3 +
instead of the custom image storage approach for processing the images yields a significant reduction
of the complexity of the procedure, retaining the quality of semantic segmentation problems.

The architecture of DeepLab v3 + inherits the version DeepLab v3. While the standard convolution
performs channel and spatial computations in one step, depth separable convolution splits the process
into two stages: the former is depth convolution and the latter is point convolution. The depth
convolution provides independent spatial convolution of signals for each input channel using only the
convolution filter, while the pointwise convolution yields a combination of the results of the depth
convolution [10, 7, 6].

3.2. Materials

A sample of 500 MRI images of patients was used to train the model. The sample was preliminary divided
into training and test sets in the proportion of 80 % vs. 20 %,; four images are the test ones (see Table 1). The
black and white images were 512 x 512 in size. An example of an image markup and a mask is shown in Fig.1.

Table 1
Distribution of the segments in the samples; number of segments. IV stands for independent
verification

Training sample Test sample Total v

400 400 100 100 500 500 3 3

Figure 1: A mark-up example. Left to right: Original Image, Color Mask, Training Mask

3.3. The metrics used in the study

The choice of metrics for the image segmentation problem is based on the classical approach set
forth; see, e. g. [31]. To measure the detection accuracy of an object, the mAP (mean average
precision) ranking quality metric is used. The average AP (average precision) for each of the N
classes of a training sample is the crucial parameter.

To calculate the efficiency of the trained model, the Intersection over Union (IoU) metric was also
used, allowing the evaluation of the quality of the algorithms which are certain to identify rectangles



in the target image relevant to the recognized objects. To obtain these metrics, several related metrics
were calculated, as indicated in Table 2.

Table 2
Metrics of the quality of training of the DeeplLab v3 + neural network
mAP Precision Recall loU Fl-score TP FP FN
0.6131 0.87 0.88 67.76 0.88 92 14 12

3.4. Image post-processing

At the next step the model implements a segmented mask using the built-in methods of the
OpenCV library, a new image of 512 x 512 pixels is created with a black background and a clipped
area of the original image that falls under the mask. The next step in post-processing the image
involves counting the number of gray shades, dividing it into intervals, and further color clustering. For
a more accurate display of the clusters, it was decided to divide them into 49 intervals of the gray-scale
values. This value of the number of intervals was chosen because during the division of the halftone
values of a black-and-white image into smaller intervals (by 56 intervals or more), color pseudo-
colorization added visually noticeable noise to the processed image. This situation made it difficult for
human experts to work with the image and to find the localized area in the image processed by magnetic
resonance imaging. If the division of the gray value was performed into wider intervals (into 7, 14, and
so on), then the areas of interest for the experts in the magnetic resonance image were colored as
insufficiently informative.

3.5. Learning Process

The neural network was trained on an NVidia GeForce 1060 video card for 5 hours, completing
200 training epochs and the training with an error function value of 0.19. The model is trained using
the logarithmic loss function (otherwise called the cross-entropy function) of the Softmax family. The
graph of the change in the value of the error function for the training and control samples is shown in
Fig. 2. As shown in Table 1, the training was performed using 500 images, divided into training
and test samples in a ratio of 80 % to 20 %.
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Figure 2: A figure caption is always placed below the illustration. Short captions are centered, while
long ones are justified. The macro button chooses the correct format automatically

4. Results and discussion

The values of the training quality metrics described above, as a result of calculating the test
cases, are shown in Table 2. Fig. 3 shows the stages of processing the images of magnetic



resonance imaging using an expert (first column) and the DeepLab v3 + neural network. The third
column shows the images colored using the OpenCV library.

The indicators shown in Table 2 and illustrated in Fig. 3 confirm that the trained DeepLab v3 +
neural network adequately selects the area corresponding to the brain tissue on the magnetic
resonance image. Thus, the tasks set in this research were fulfilled, i.e. it was necessary to obtain a
mechanism for preparing data for the neural network designed for the differential diagnosis of
Parkinson’s disease and essential tremor.

) (e) ®
Figure 3: The results of processing the frames of magnetic resonance imaging by the
developed neural network

At the same time, the false detection rates (FP, TP) in Table 2 are not exactly equal to zero.
One of the images in Fig. 3 (bottom line) shows that the system segmented a part of the nasal sinus as
brain tissue, which is an erroneous decision and differs from the zone determined by the expert. Thus,
the system has room for improvement.

5. Conclusion

There are the following ways of further implementation of the proposed solutions allowing one to
solve the problems stated in Discussion. However, the combination of the trained network based on
the DeepLab v3 + architecture with the procedure for pseudocolorization of black and white images
using the functions of the OpenCV library makes it possible to implement a set of training samples for
the convolution neural networks which solve the problem of differential diagnosis based on magnetic
resonance images of Parkinson’s disease and essential tremor.
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