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Abstract

The work aims to increase the accuracy and earlier diagnosis of tremor, considering it as a key
symptom of Parkinson’s disease and a manifestation of neurological disorders caused by injuries.
Unlike traditional methods, the proposed approach eliminates the presence of a compensatory
“anchor”, increasing sensitivity to the slightest manifestations of tremor. The efficiency of the method
was experimentally confirmed on 50 healthy people, 6 with Parkinson’s disease, and 75 with
traumatic brain injuries resulting from military operations. The method was compared with the
classical assessment of drawing geometric figures on paper. A comparison showed that all patients
with Parkinson’s disease passed the paper test, but the most difficult of them could not pass the AR
test without a fulcrum. For wounded servicemen, AR showed a visible advantage, though
significantly more tests are required to use a deep classifier. Studies using a basic classifier have
shown that the proposed method, which utilizes augmented reality as a medium, is more sensitive
than the standard one, confirming its promise for early neurodiagnostic systems.

Keywords: augmented reality; neurodegeneration; early diagnosis

1. Introduction

The paper explores the concept of early diagnosis of hand tremor as a telltale sign of
neurodegenerative diseases such as Alzheimer’s, Parkinson’s, and impaired brain control of the
peripheral limbs (hands) as a result of military injuries. Although not new, these problems remain
relevant, in particular, the use of the spiral in the diagnosis of Parkinson’s disease [1].

Alzheimer’s disease is one of the types of dementia that affects about 6% (one in 16) of people
over the age of 65 [2]. In this context, the diagnosis is focused on the determined parameters of
abnormal movements of the patient with tremor symptoms (T-object), caused by the negative effects
of a certain set of neural nodes. In the USA, the National Institute of Neurological and
Communication Disorders and Counseling (NINDS) and the Alzheimer’s Association have compiled
the most commonly used set of criteria for the diagnosis of Alzheimer’s [3].

1. According to the criteria, to make a clinical diagnosis of possible neurological diseases, it is
necessary to confirm the presence of cognitive impairment [4].

2. Most often, disorders in neurological diseases affect eight domains (in various combinations):
memory, speech skills, ability to perceive the environment, constructive abilities, orientation in
space, time, and one’s personality, problem-solving skills, functioning, and self-sufficiency.
These domains are equivalent to the NINCDS-ADRDA criteria [5] listed in the DSM-IV-TR [6].
Tremor, characterized by involuntary shaking of a body part, is the most common of all
movement disorders [7]. Of all these domains, it is most effective to catch the moment of the
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appearance of tremors as a marker of the beginning of negative processes. Establishing the state
of “early/first stage” will allow starting preventive actions before slowing down the progress of
the disease.

This work is focused on the early detection of signs of the disease, so we will consider the early
stage further. Progressive memory decline [8] and agnosia (disorder of recognition processes) in
neurodegenerative diseases, sooner or later, lead to confirmation of the diagnosis. In a small number
of patients, it is not memory disorders that come to the fore, but disorders of speech, executive
functions, perception, or movement disorders (apraxia (including tremor)) [9]. When drawing,
writing, doing self-care activities in the kitchen, or putting on clothes, and other tasks using fine
motor skills, a person may seem clumsy due to certain problems with coordination and planning of
movements [10]. As the disease progresses, a person is often quite capable of performing many tasks
independently, but may require assistance or care when attempting manipulations that require
special cognitive effort [9]. Among other effects, Parkinson’s disease impairs control of movements,
primarily of the upper and lower limbs, and causes tremors and muscle stiffness [11].

The long period during which research is being carried out [12] has shown that the main control
of motor activity in the human body is taken over by networks of spinal neurons [13]. Spinal neurons
can independently generate rhythmic signals (without going up the hierarchy) that affect
synchronization within the structures that generate control impulses [14]. These spinal neural
networks, which are responsible for the rhythmic movements of muscle activity, are called central
generators of ordered activity [12].

Researchers all over the world are looking for convenient and effective early diagnosis. To date,
there have been developments in computational models of movements, for example, walking [15] or
admiration gestures [16]. The reaction of the eyes is studied [17], [18]. Eye behavior is considered an
informative feature [19]. Therefore, in IT, it is relevant to distinguish characteristic features, in
particular, lines [20] or curves [21]. Mathematical solutions for automating the diagnostic process are
being studied [22].

Thus, at the first (simplest) stage, patients’ reflexes, ability to get up from a chair and walk
around the room, as well as muscle tone and strength, are checked. Neurological examination: vision
and hearing, coordination, and balance are checked. The first symptoms are often confused with
manifestations of aging or a reaction to stress [23]. Examining available diagnostic methods [24], [25],
[26] and state assessment methods [27], [28], [29], the authors established a method for detecting
tremor of the upper limbs as a basic element of early diagnosis of dementia [30]. In 2017, Australian
researchers from RMIT University conducted a study investigating the impact of Parkinson’s disease
on people’s movements. A total of 55 people took part in the study (27 of them had the disease, 28
did not). Each of the participants was asked to draw a spiral on the tablet along the given control
points (see Figure 1) [30]:
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Figure 1. The spiral view and the process of passing the test.
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During the test, a tablet with special software measured the speed of movement and the pressure
of the pen on the drawing, allowing it to distinguish between those with the disease and the severity
of their condition. The researchers combined the speed and pen pressure data into one measurement
for each participant and compared the measurements.

In the study, the authors concluded that there is a significant difference in the indicators of
persons with the disease compared to healthy persons (see Figure 2) [30].

As can be seen from the figure (see Figure 2), such a significant difference in indicators allows
us to make a preliminary assessment of the condition of the patient who underwent testing. David
Dexter, deputy director of Parkinson’s Research UK, confirmed this finding: “Current tests for the
disease cannot accurately measure how advanced a person’s condition is. This may affect the ability
to select the right people for clinical trials, which is important for developing new and better
treatments for Parkinson’s disease.” [31].
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Figure 2. Comparative graph of indicators of healthy (CG) and diseased persons (PD).

Authors of the article “How to use pen and paper tasks to aid tremor diagnosis in the clinic” [32]
believe that people with Parkinson’s disease often write and draw slowly, producing small
handwriting and spirals formed from tight turns. Reduced size and speed of hand movements reflect
bradykinesia, the main motor symptom of Parkinson’s disease. The authors believe that spiral
drawings are more sensitive than small handwriting, especially if the small handwriting is inherent
throughout life.

Action tremor is present in almost half of patients with Parkinson’s disease during drawing, and
most importantly, the reduced diameter and increased density of turns distinguish Parkinson’s
tremor with sufficient specificity.

Therefore, analyzing the speed and nature of the drawing of the Archimedean spiral by a person,
it is possible to conclude about the presence of early symptoms of Alzheimer’s/Parkinson’s disease,
in particular, about the tremors and reduced speed of movements inherent in it.

In subsequent works, this topic was studied using various methods and patient samples [33].
Recent studies have actively pursued the digitalization of the Archimedes spiral test, highlighting the
methodological limitations of relying on physical surfaces [1]. Furthermore, emerging approaches
increasingly track direct finger movements [34] or analyze spatial kinematics without physical
support, such as “aerial” spirals evaluated via wearable sensors [35]. However, having experience in
the development of augmented reality systems [36] the authors proposed a method of diagnosing
problems with the use of augmented reality. Such a decision allows patients to avoid unnecessary
visits to medical institutions, reducing their stress and the burden on the medical system. It also
allows for lower equipment costs, as everyone has PCs and/or smartphones with video cameras these
days. When selecting a classification assessment [37], [38] were analyzed; «problem of counting
cycles» [39] was analyzed too. A modern approach to the state assessment strategy was studied [40].
Changes in node connectivity, not just edge changes, are studied, affecting measurements [41], and
ways of working with open neuroimaging databases [42].

The main task of this work is to study the functionality of the method of early diagnosis of the
presence of symptoms of Alzheimer’s/Parkinson’s diseases, which, based on the integrated
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assessment of the user’s actions in augmented reality, will allow for classification of the user’s
condition.

The given conditions are diagnostic in the mode of augmented reality. Thus, the available data,
from which conclusions will be drawn, are the position of the patient’s hand (x, y) and time ().
Reaction time is an important indicator [4]. Additionally, the ability to perceive objects (such as
spirals) and to coordinate one’s movements with respect to virtual 3D objects is implicitly evaluated.
At this stage of research, the object is a 2D plane-spiral in 3D space.

2. Materials and Methods

The research is based on the method of classification of states through the search for atypical
movements (caused by cognitive factors), using interaction with augmented reality and spectral
analysis in heterogeneous environments. An approach to constructing hybrid models that describe
the state and behavior of abnormal neurological movements (ANM) in certain body parts of a T-
object under the cognitive influence of a specific group of neural nodes is proposed.

2.1. Analytical Solution

As it was already mentioned in the paragraph “Statement of the problem”, in the conditions of
augmented reality, the available data, based on which conclusions will be drawn, are: the patient’s
hand position (x, y) and time (t). In addition, the augmented reality environment makes it possible to
create auxiliary virtual objects for assessing the patient’s condition. Continuing the idea of the
previously considered study [2], control points will be used to analyze the patient’s condition in
augmented reality. Control points are a certain number of points that are evenly placed on the
trajectory of the spiral, along which the patient must swipe their finger. The advantage of this method
is that the patient does not need to know exactly where these points are, and it makes it possible the
process of assessing the patient’s movements.

Figure 3. View of the spiral with control points applied to it.

The figure (see Figure 3) shows the trajectory along which the patient should swipe his finger in
yellow, and control points based on which the patient’s movements will be analyzed in pink.

For the analysis to be as accurate as possible, during the testing, the patient will not see the
control points; ideally, he should not be aware of their existence at all, to focus as much as possible
on his main task - to move his finger along the trajectory of the spiral. Having introduced the concept
of control points and having their coordinates, you can proceed to the description of the analytical
solution to the problem of diagnosing the patient’s condition based on the trajectory of his
movements when moving a finger along a spiral.

Let:

x,y — coordinates of the finger at the moment t,

Cx, €y — coordinates of the next control point,

Cprev, Cprev,, ~ coordinates of the previous control point,

dist, — distance to the control point at the moment t ,
distprevt — the distance to the previous control point at the moment t,
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dist. — the distance from the previous control point to the next,
then all dist distance formulas are calculated using the Euclidean distance formula:
dist, = J(x — )+ (y - cy)2 1)
2 2
diStprevt = \/(x - Cprevx) + (y - Cprevy) (2)
2 2
dist, = \/(cprevx — cx) + (cpre,,y — cy) (3)

At the beginning of the test, some score metric has a value of 100. This metric indicates how well
the patient swiped the spiral trajectory. In the process of testing, if the patient deviates from the
trajectory, he will be charged a penalty, which reduces the value of the score metric.

2.2. Conditions for Registration of Deviation from the Trajectory

2.2.1. The First Condition

dist, > dist,_; * const, (4)
const; > 1

const: — a constant of the difficulty of passing the test. The smaller it is, the more difficult it will
be to pass the test. That is, it regulates the degree of loyalty to the patient’s mistake and how often
the patient will be charged a fine. If const =1, the penalty will be calculated for the minimum deviation
from the trajectory.

The amount of the fine is calculated according to the formula:

penalty = (dist,_y — dist) * Pconst,» ®)
Dconst, > 0.

Here, p_const: — penalty level constant. The bigger it is, the bigger the fine. That is, it regulates
the amount of the fine for a mistake made by the patient.

It follows from formula (3) that the amount of the fine depends on the difference in the distance
to the control point at times t and t-1. That is, the further the patient moves away from the control
point at the next moment in time, the greater the fine he will receive. Thus, the algorithm simplifies
the diagnosis of tremor manifestations. The more severe the patient’s condition, the faster the score
metric will drop to 0.

In the conditions of augmented reality, determining the position of the patient’s finger is not
ideal due to the imperfection of the technology and sensor noises, which cannot be eliminated.
Therefore, the constant constl in formula (2) allows for to reduction of the influence of these factors
on diagnostics. For the same reasons, the authors do not recommend setting its value to the absolute
minimum.

Figure 4. Schematic representation of the operation of the algorithm of the first condition.

2.2.2. The Second Condition

distyrep, + dist, > dist, x const, 6)

const, > 1
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constz — is the constant of the difficulty of passing the test. Its behavior and purpose are identical

to consti
The amount of the penalty is calculated according to the formula:
penalty = (distprwt + dist, — distc) * p_const, (7)
p_const, >0

p_const2 — penalty level constant. Its behavior and purpose are identical to p_const1.

Finger E - - -.Uf"_ [ ,;f__r

distprey g
1

1
1
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Control point| ( {
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Figure 5. Schematic representation of the operation of the algorithm of the second condition.

3. Results

To study the effects of the values of the constants const1, p_const1, const2, p_const2, experiments
were conducted, and their influence on the diagnosis of the patient’s condition, the reaction to
deviations from the trajectory, and the course of the analysis of the diagnosis at different values of
the constants were reviewed.

During the experiments, an attempt was made to test at different values of the constants. In
addition, during testing, the coordinates of the finger were recorded, and the moments of the
calculation of fines according to the given values of the constants were noted.

Table 1. Comparative table of conducted experiments.

const p_const: const: p_const: finger trajectory Final score

1 1 1.3 0.09

©®
| O 0 0
L

1 0.7 1.1 0.1 @ 32
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In the drawings of the trajectory of the finger, the areas where no fine was charged are shown in
green, and the places where the fine was charged are shown in red.

1. From the first experiment, it became clear that const: must be greater than 1; otherwise, it is
almost impossible to pass the test.

2. The second experiment showed that the penalty calculated by the second algorithm is usually
very large, so it should be reduced by a low value of the constant p_const..

3. The third experiment showed that when p_const: = 1, the fine is also too high, so the value of this
constant should be reduced.

4.  The fourth experiment showed approximately acceptable values of the constants for which the
testing can be completed. When value const: = 1, p_const: = 0.7, const2 = 1.1, p_const2 = 0.1, with
several obvious deviations from the spiral trajectory, the final result is 32/100.

B Interface

Webcam port: |0

4 Edit information Name: Maksym, Age: 21

Figure 6. The doctor can perform the early diagnosis procedure remotely, seeing the diagnosis process in real

time, with the effect of the doctor and patient being present in augmented reality.

4. Discussion

In this section, we will briefly note that the study was conducted to verify on all potential patient
categories that 1) the concept works; 2) to identify unforeseen interferences; 3) to learn how to correct
foreseeable interferences. Evaluating these three tasks, it can be stated that 1) the system performs
data selection correctly. Therefore, it is potentially possible to take the next step - to explore different
classes and try to integrate them. 2.1) This point requires additional interpretation, since, due to the
lack of an anchor (point of support), the system turned out to be much more sensitive to tremor than
expected. In particular, the patient (advanced Parkinson’s disease) was able to draw a standard
Archimedean spiral (obviously, with classical diagnostic features); however, she was unable to draw
the same spiral in augmented reality due to a concentration problem. We make a preliminary
conclusion that the initial assumption regarding the leaf (or electric tablet) serves as an anchor for the
brain. And relying on this anchor, the brain partially compensates for the loss of control over the limb
of the hand (tremor). In the case of augmented reality, there is no anchor (point of support), and there
is nothing to compensate for the loss of control. Currently, the authors are looking for partners for
research focused on this problem and the verification of the results. 2.2) Another unexpected result
was the phenomenon of the recovery of military personnel (craniocerebral injuries). In particular, the
majority of injured military personnel (of different age categories) performed better on the test than

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.
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the control group. Even in the presence of severe cases. Additionally, taking into account that more
than half of the control group are university students, we make an assumption (which we will check
in the future). We assume that the stress of society (which is in a war under rocket fire) may be higher
than the stress of the military (even with severe injuries and amputations) due to the unpredictability
of “tomorrow” (uncertainty). To test this assumption, we are looking for partners to create a control
group (healthy patients from a non-belligerent state). 3) The expected problems include lighting
problems (spectral problems). Their solution at the moment is to eliminate direct sunlight and bright
light sources behind the patient.

5. Conclusions

The proposed method of diagnosing the patient’s condition using augmented reality showed
technological effectiveness. Its use will simultaneously reduce the price (according to the criteria of
price and time of the patient/doctor) and make early diagnosis more convenient and accessible. Due
to the presence of two analysis conditions, the method is quite flexible, and four constants provide
the possibility of its detailed adjustment. The conducted experiments clearly showed how the values
of these constants affect the course of diagnostics. From the fourth experiment, we can conclude that
the method works well if the values of the constants are chosen correctly. The number and quality
(location and structure) of control points can be changed [37] during process optimization. Instead of
pressing force, the concept of point coordination in virtual 3D space is introduced. That is, the
method/system evaluates the patient’s ability to navigate in 3D space while interacting with
augmented reality objects. The effectiveness of the application of this method is investigated and
shown.

Author Contributions: Conceptualization, V.Hry.; methodology, V.Hry. and M.K.; software, M.K,; validation,
O.B. and V.Hre.; formal analysis, U.M.; data curation, O.L.; writing —original draft preparation, V.Hry. and M.K,;
writing —review and editing, O.L.; visualization, M.K. All authors have read and agreed to the published version

of the manuscript.
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