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MOBILE INFORMATION TECHNOLOGY FOR ASSESSING THE
ADAPTATION CAPABILITIES OF THE HUMAN BODY UNDER
CONDITIONS OF INCREASED LOADS

Introduction. An important role in assessing the body's adaptive reserves under conditions
of physical and emotional stress is played by information obtained with the help of special
tests. Such tests should be convenient enough to quickly obtain the result, including at home
and in the field.

The purpose of the paper is to develop the principles of building mobile IT for the
operational assessment of the adaptive capabilities of the human body in the field and at
home and the implementation of IT on a smartphone.

Methods. To assess tolerance to physical and emotional stress, a cognitive graphical
image is constructed that integrally characterizes the regulatory patterns of changes in the
physiological parameters of the heart rate, calculated in three states: at rest, at the height of
the load and during restitution.

Results. It is shown that reliable information about the pulse wave (finger
photoplethysmogram) during testing can be obtained using the built-in camera of a
smartphone without additional technical means based on the developed original
computational procedures that provide for the selection of reliable and unreliable cycles. To
manage the physical load on the internal processor of the smartphone, a virtual teacher
animation procedure is implemented, which demonstrates the correct technique and sets the
required pace of the load. The emotional load management module is based on the Stroop
effect and boils down to doing mental work under time pressure. The experiments confirmed
that the cognitive graphic image makes it possible almost instantly to identify physiological
indicators that demonstrate an inadequate response of the body to the load and rest after it.
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Conclusions. The developed technology for assessing the adaptive capabilities of the
human body under conditions of increased physical and emotional stress provides reliable
testing in the field and at home, and the test results can be interpreted by a person without
special medical education.

Keywords: information technology on a smartphone, regulatory patterns, body tolerance to
physical and emotional stress.

INTRODUCTION

Adaptation ensures that the body adapts to constantly changing environmental
conditions. The process of adaptation is carried out in a reflex and humoral way [1].
Both mechanisms are interconnected and constitute a single neurohumoral
mechanism that ensures self-regulation of the physiological functions of the body
(the so-called sympathovagal balance).

One of the well-known methods for assessing the sympathovagal balance is
based on mathematical methods for analyzing heart rate variability (HRV) [2, 3].
In clinical practice, most researchers use the standard proposed in 1996 [4],
which provides recommendations on the use of this method.

An important role in assessing the body's adaptive reserves under conditions
of physical and emotional stress is played by information obtained with the help
of special tests. Such tests should be convenient enough to quickly obtain the
result, including at home and in the field.

The generally accepted methods for evaluating test results are most often based
on the analysis of the dynamics of heart rate (HR) and blood pressure (BP) under
exercise. However, it is known [5, 6] that such an assessment does not always provide
the required reliability of decision-making on the body's tolerance to stress. When
quantifying the response to loads it is impossible to know for sure whether the
detected deviations reflect the functional state of the heart or whether such deviations
are associated with the features of the autonomic regulation of cardiac activity [7].

Therefore, it is useful to supplement a quantitative assessment with a
qualitative analysis of the individual characteristics of the dynamics of changes
in body parameters, in particular, statistical and spectral HRV indicators in the
process of performing functional tests.

Traditionally, for the practical implementation of mathematical methods for
HRYV analysis in clinical conditions, special medical systems are used based on
computer analysis of an electrocardiogram [8] or photoplethysmogram [9].
However, the complexity of these systems limits their use for mass preventive
examinations in the field and at home.

The rapid development of smartphone technology has led to the emergence
of new medical technologies. According to experts, a promising direction is the
creation of modern mobile technologies for recording a pulse wave using the
built-in camera of a smartphone without additional technical means [10-13].
However, on the way to implement such an attractive approach, there are a
number of difficulties [14], which limit the scope of its practical application.

One of the main problems is due to the “masking” of true bursts of the pulse wave
generated by heart beats, and the appearance of false bursts caused by random
distortions and artifacts [15]. If these problems are not taken into account and signal
processing is carried out using trivial algorithms, then another “toy” that is useless in
the medical aspect will appear as a result, which smartphone users have already
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encountered more than once. It is not for nothing that such inefficient and sometimes
dangerous applications have recently been removed from Google Play.

Let us show that the use of a new class of information technologies — intelligent
IT, which has the properties of natural intelligence, can significantly reduce the
likelihood of target miss errors and false alarms when assessing the dynamic series of
cardio intervals and thereby increase the reliability of assessing the adaptive reserves
of the body to increased physical and emotional stress.

The purpose of the article is to develop the principles of building mobile IT
for the operational assessment of the adaptive capabilities of the human body in
the field and at home and the implementation of IT on a smartphone.

THE BASIC IDEA OF THE PROPOUSED INFORMATION TECHNOLOGY

Intelligent IT is becoming more and more widespread in solving applied problems.
Unlike traditional IT based on computational procedures of data analysis, intelligent
IT operates with generalized concepts — images that provide more complete
information about the external environment, and the analysis of such images
generates a holistic picture of the phenomena being studied.

A useful tool for figurative representation of a problem is cognitive computer
graphics, which allows you to either immediately see the solution to the problem or
get a hint for finding it [16, 17]. Such possibilities of cognitive graphics are due to the
fact that the human brain (unlike a computer) perceives and interprets a graphic image
much easier than the numerical data that gave rise to it.

For example, even an experienced cardiologist is unlikely to be able to
make a correct diagnosis by analyzing only a sequence of numbers (discrete
readings) reflecting the process of changing the electrical activity of the heart
over time. But when the same readings are presented to the doctor in the form of
an electrocardiogram graph, then when interpreting it, the mechanism of
figurative perception of information is activated, which is based on analogies,
previous experience and the intuition of a specialist.

One of the successful examples of the use of a cognitive graphic image for the
analysis and interpretation of ECG, which laid the foundation for an innovative
method in cardiology — the phasegraphy method, was proposed by us in [18].

Let us now demonstrate the advantages of cognitive computer graphics
using the example of building mobile IT to assess the adaptive reserves and
tolerance of the body to physical and emotional stress.

On the Figure 1 is a simplified IT block diagram that implements the
proposed testing methodology. To assess the adaptive capabilities of a person, it
is proposed to automatically determine three groups of heart rate indicators:

xfl), xl@, x,@, i=1,...N, €))
which are calculated at rest, immediately after exercise and after a 3-minute rest.

As such indicators, we will use, in particular: HR — heart rate (bpm);
SDNN — standard deviation of the array of cardiointervals (ms); CV —
Pearson's coefficient of variation (%); AMo — amplitude of the
cardiointervalogram mode (%); LF / HF — sympathovagal index, Baev.Ind. —
Baevsky stress index.
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Photoplethysmograms Module of
recorder physical loads control
h 4
Cardio intervals Module of
dynamic series emotional loads control
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Determination of HRV »  Analysis of test results |
parameters >

Fig. 1. Structural diagram of information technology

A qualitative assessment of the body's response to the load is carried out as

follows. Each triple of indicators <x(1), xi(z) ,xl.(3) > i=1,...,N, forms one of the

five classes of patterns that characterize the dynamics of changes in the i-th
indicator under load and during restitution [19]:

class 1 "Maximum", if 2)

(x? =x"y>h A (xP =xV) > by,

class 2 "Minimum", if 3)

1) 2) (3) (2)
O =x, ) > hy A (7 —x7) > by,

class 3 "Increase", if 4)
(2) ) (3) (2) 3) )
(7 =x ) > by v OgT =) > b v (T = x0) > hy,

class 3 "Decrease", if ®)]
1 2 2 3 1 3
0= 2D) > v (D x> by v (0 - x) >

class 5 "Permanent", if relations (2)-(5) are not met, (6)

where h, — threshold of insensitivity to the value changes of the i -th indicator.

The patterns "Maximum" and "Minimum" characterize the situation in
which the value of the indicator increased (decreased) immediately after the
load, and more or less returned to the value at rest during the restitution period.
These patterns are physiological, that is, typical for an adequate response of the
body to any type of load and rest after it.
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The patterns "Increase”" and "Decrease" describe indicators, the value of
which after rest becomes greater (less) than its value at rest. In other words, such
patterns characterize the dynamics of the indicator for an increase (decrease)
during testing. And, finally, the “Permanent” pattern describes the absence of
visible dynamics in the values of indicators, regardless of the load. The last three
patterns indicate inadequate dynamics of the load indicator.

Note that, in accordance with (2—6), there are various forms of each class of
patterns. For illustration, Figure 2 shows possible variants of the form of the
"Increase" pattern, which determines by condition (4).

A joint analysis of the all patterns forms in accordance with the patent of
Ukraine for inventions [20] makes it possible to form a cognitive graphical
image that provides visual qualitative information about the results of testing a
particular subject. As it will be shown below, such an image is quite convenient
for an integral assessment of the result and can be interpreted by a person who
does not have a special medical education.

To receive a signal that carries information about the pulse wave, the user
covers the smartphone camera with the phalanx of his finger, which is
illuminated by a built-in flashlight (Fig. 3). As a result, a sequence of images of
the phalanx of the finger is formed (video series):

lPlcnd(‘x’y) b lPKmZ(xﬁ y)’ lP)cm}(‘x’y) EAR (7)

where W _(x,y) is the function characterizes the brightness of pixels with

coordinates.
Due to the influx of blood into the capillaries of the finger, the brightness of
the frames changes (pulsates). Average frame brightness:

1 0, 9
9, = ——— b Y mz ()C, y)’ z= 1,2,... P (8)
0.0, ZZ ‘

where QO _, Qy are the number of pixels in the finger image of the horizontally

and vertically respectively forms a sequence of discrete values ¢,,4,,...,q, of

the pulse wave at discrete points of timez = 1,2,....
Observations have shown that as a result of finger tremor, the initial pulse
wave has a low-frequency trend. Therefore, the first stage of processing

4,,49,,--qy 1s to using of adaptive algorithm that allows to automatically
removing of the trend from the original sequence.

Fig. 2. Variants of the "Increase" pattern forms
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Fig. 3. The principle of a pulse wave registering using a smartphone camera

To do this, using the recursive procedure
1
Gz:Gz—l+5(qz_qz—Q)5 ZE[Q+1 9N] (9)

we evaluate the trend of the observed sequence of the pulse wave discrete values
4,,4,----q, which is modified by follow:

(72 :qz_Gz‘ (10)

As aresult the trend is automatically removed from the registered pulse wave.

The next stage of signal processing is the determination of the local maxima
of the pulse wave. The use of a special procedure allows, against the background
of possible distortions, to determine the characteristic points of the pulse wave,
which divide each cardiac cycle into anacrotic and dicrotic limbs of the pulse
waveform. These points are used to calculate the initial dynamic series of

cardiointervals A _, r=12,... .
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As already noted, in real situations, when registering a pulse wave, due to
random disturbances, false bursts or the loss of true bursts of a pulse wave
generated by heart beats may appear. Therefore, in order to improve the
reliability and accuracy of determining HRV indicators from real signals,
developed IT implemented original computational procedures for filtering and
selecting cycles. This process is implemented in two stages.

The first stage (online procedure) makes it possible to automatically correct

the initial dynamic series of cardiointervals A, A,, ..., A ,, ... in the process
of recording a pulse wave in accordance with the patent for the invention [21].
To do this, the first five A, A,, A,, A,, Ajvalues are stored in a sliding

buffer and are ranked in ascending or descending order. For example, if the
following initial values of cardio intervals are:

A, =086s; A, =131s; A, =087 s; A, =0,81s; A; =0,85s, (11)

then after ranking in descending order, the following values will be placed in the
sliding buffer

d=131s;d,=087s;d,=086s;d,=085s; d; =081s. (12)

The first and last of the ranked values (12) are ignored and the remaining
three values are averaged according to the formula

_d,+dy+d,

d, 3

(13)
The value 63calculated according to (13) determines the first element of

the modified dynamic series of cardiointervals.
When the next element A, is defined the five values A,, A;, A,, A,

A are ranked again, the first and last of the ranked values are ignored, and the

remaining three values d,, d,, d, are averaged according to the formula

d,+d,+d
54 =3 "4 75 , (14)
3

which forms the next value O, of the modified dynamic series of
cardiointervals. The process of modifying cardiointervals continues in a similar
way in real time until the last value A, from the initial dynamic series of

cardiointervals is determined.
As a result, if single random outliers of values of cardio intervals are
observed, then after ranking the A, ,, A A, A A j=3,.N=-2

Jj=2>
such false values will either be in the first or last place of the ranked values
d d,\,d;,, d,,d Jj =3,...N =2 of the sliding buffer. The current

value of the modified cardio intervals is determined by the formula:

j-1 J+l2 J+27°

j=2° Jj-1° Jj+l2 J+2°
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5 _d+d;+d,
- 3
So the false values of the original dynamic series of cardiointervals are

automatically deleted.
For example, the value A, =1,31s, which is significantly different from the

, j=3,.N=2. (15)

other values in the first five of the initial series of cardiointervals (11), after
ranking will be in first place (d, =1,31s) and will not participate in the
averaging procedure. So, according to (13), the first element of the modified
dynamic series of cardiointervals will obtain the value o, = 0,86s.

The considered adaptive filtering procedure combines the advantages of
median filtering and moving average. As a result, the reliability of the formation
of a dynamic series of cardiointervals upon possible artifacts is increased.

The second stage of processing (offline procedure) provides recognition of
typical and atypical cycles of the recorded pulse wave, which further increases
the accuracy and reliability of calculating HRV indicators. The procedure
implements the intellectual property of generalization, making the transition
from specific objects (in this case, pulse wave cycles) to the abstract classes
"typical" and "atypical" cycles.

One of the classical approaches to solving the classification problem is
based on the search for generalizing features that characterize class objects.
Often such generalizing features are formed by machine learning methods based
on precedents — representatives of individual classes collected in a training
sample of observations.

However, when classifying pulse wave cycles, this approach turned out to be
unsuitable. The fact is that the form of an atypical pulse wave cycle of one person can
be typical for another and vice versa. It follows that it is impossible to build a reliable
classification procedure based on an analytical description of the shape of cycles,
which means that it is useless to look for generalizing features of typical and atypical
cycles using machine learning methods.

Therefore, the developed IT implements an original computational
procedure for classifying cycles [22], which is based on a single assumption: the
number N, of atypical cycles is much less than the total number N of cycles of

the registered pulse wave, i.e.
Ny <<N. (16)

Otherwise, the concept of a "typical" cycle loses its meaning.
The procedure is based on calculating the distances between all pairs of

cycles. To simplify the calculation of distances L between the p-th
(u=1,..,N)and v-th (v=1,..,N)cycles, fragments ¢’ of the anacrotic

(i =1, ) and dicrotic (i = I, ) phases of each 7 -th cycle are modified based on
the operator transformation
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i i i t .
qé)(t):afl)qi)(mJ’ n:1727"'5 ZE{117]2}’ (17)

()

n b

where a b;i)are parameters of linear stretching (compression) in amplitude

and time. This modification made it possible to estimate the proximity of the
cycles by the sum of the absolute values of the difference in the discrete values
of the signal.

Calculated distances L, form a square matrix

Ly Ly Ly
Al Lo Lo Loy | as)
Ly, Lyye Ly,

The matrix A allows to determine the most typical pulse wave cycle
(reference cycle) by the formula

N
S, =argmin2Lw, (19)

1<Sv<N =l

which, by virtue of condition (16), can rightfully be considered typical.
This made it possible to automatically classify typical and atypical cycles
according to ordered distances

R=L(S,,S,), r=L.N-1 (20)

between the reference cycle §,and the remaining N —1cycles of the registered

pulse wave.
The point that corresponds to a jump or a sharp change in the slope of the

graph of function (20) determines the threshold R, on the basis of which the
set of all cycles is divided into two subsets:

Typical cycles, when R<R; (1)

Atypical cycles, when R >R, . (22)

The threshold value R is automatically determined using a special search

procedure implemented in IT software. Experiments confirmed the effectiveness
of the proposed approach: the results of automatic analysis of statistical and
spectral HRV indicators coincided with the data obtained from parallel
observations using professional medical systems (Fig. 4).
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Fig. 4. Graphical interpretation of the results of the assessment of HRV indicators:
scatterogram (1), histogram (2), spectrogram (3) and power balance diagram (4)

MODULE OF PHYSICAL LOADS CONTROL

In clinical practice, exercise tests are used to detect cardiac pathologies in the
early stages [23]. In medical conditions, studies are carried out using special
tools — a bicycle-ergometer and a treadmill. However, such products are not
suitable for testing in the field and at home, while playing sports and in the
workplace. This requires not only portable tools, but also simple methods that
allow you to quickly get test results in a convenient and understandable form.

There are quite a lot of simplified methods for assessing the adaptive
capabilities of a person under load: functional tests by Rufier, Gorinevsky,
Letunov, Kotov-Denish, Martinet-Kushelevsky and others [24], in which the
assessment of the recovery processes of the cardiovascular system under load by
measuring heart rate (HR) and blood pressure (BP).

In the same time numerous observations of sports doctors testify [25] that
the analysis of changes in heart rate to physical activity does not give an
unambiguous answer to the question of the adaptive capabilities of the body. Not
without reason, in modern recommendations for monitoring the training process,
the catch phrase appeared: “Do not be a prisoner of heart rate!” [26].

Usually, during exercise, an increase in heart rate occurs as a result of a
decrease in vagal tone and an increase in sympathetic stimulation of the heart.
At the same time, the adaptation of the heart of a trained person to the load
occurs to a greater extent due to an increase in stroke volume and to a lesser
extent — as a result of an increase in heart rate, and in an insufficiently trained
person — on the contrary: mainly with an increase in heart rate and to a lesser
extent with an increase in stroke volume.

Some people’s heart rate increases only slightly, in response to exercise, which
may indicate a violation of the sinus node function. There are also paradoxical
dynamics of changes under load: the pulse increased during exercise falls below the
initial level of rest (the effect of the negative phase of the pulse).
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Fig. 5. Module of physical loads control window

Some researchers regard the effect of the negative phase of the pulse as an
unfavorable sign associated with the insufficiency of the activity of different
parts of the nervous system, which leads to a change in the sequence of recovery
processes. Most often, such deviations occur in individuals with a labile nervous
system and after neuropsychic overstrain. Other scientists associate the effect of
the negative phase of the pulse with an improvement in the performance of the
cardiovascular system.

It follows from the above that it is useful to supplement the assessment of the
dynamics of heart rate under exercise with an assessment of changes in other
indicators, in particular, statistical and spectral indicators of heart rate variability.

Exactly this possibility that is implemented in the developed IT using the
software module of physical loads control, which ensures the implementation of
the simplest and most accessible test in the form of deep squats, which is used in
the Rufier test. By default, the standard load is 20 squats in 30 seconds. To
provide greater flexibility, the developed module allows you to set the required
number of sit-ups for a certain period of time. This allows you to adjust the
desired pace of squats individually, taking into account the age and fitness level
of the person being tested.

According to [27], reproducibility of test results can be achieved only if the
squat test is performed correctly. To ensure this requirement, the module
implements a procedure for animating a virtual teacher who demonstrates the
correct technique and sets the required squatting pace (Fig. 5.)

The software of the virtual instructor animation is implemented by
sequentially demonstrating pre-prepared images of individual phases of the squat
on the smartphone screen. The display time of one frame is automatically
calculated by the formula

T= : (23)
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where O is the user-specified test execution time (s), V, o 1s the user-specified number
of squats that must be completed during time O, and N , = const is the total

number of frames that ensures the animation is realistic. The values of the variables 0
and IV, are set using the settings. The test-taker must perform squats in sync with the

virtual teacher according to the sound signals of the metronome.

MODULE OF EMOTIONAL LOADS CONTROL

In modern conditions, human life and activity is characterized by a rapid pace,
information overload, a decrease in physical activity, and an increased level of
social conflicts. These negative phenomena lead to the increasing in the level of
emotional stress of the individual [28]. Although stress most often causes only a
change in the body's physiological reactions that do not go beyond normal
conditions, in some cases it has quite serious negative consequences [29].

All this gave rise to a number of new scientific directions in medicine,
psychology, sociology, computer science and other fields. One of these areas is
the creation of modern computer tools that provide assessment and assistance in
restoring the adaptive reserves of the body to overcome emotional stress [30].

One of the methods for assessing the body's adaptive reserves for emotional
stress is based on the performance of special tests in a state of physical rest,
which boil down to the performance of mental work under time pressure. To
build such a test in the developed IT, a software module based on the so-called
Stroop effect was created [31, 32].

The Stroop test is based on the properties of the human brain to save
resources, which leads to the effect of a contradiction between the information
read and seen. It is believed that separate parts of the brain process relevant and
irrelevant information in parallel, but compete for entry into a single central
"processor" during the choice of an answer. It has been established that the brain
reads words faster than it recognizes the color of letters, since the brain's ability
to process text is much faster than it recognizes color. Therefore, in situations
where there is a conflict in the interpretation of words and colors, information
about the word comes to the decision-making stage faster than information about
the color, which creates confusion during processing [33].

According to the theory of selective attention, color recognition, in contrast to
reading a word, requires more attention, which may be the result of a number of
distractions that are not appropriate responses. In order to effectively solve these two
different problems, not only different parts of the human brain, but also various
specific ways of transmitting information developed in the process of evolution.

Therefore, if you write the word "RED" in a different color, for example,
the color "VIOLET" and ask you to name the color of the letters, then most often
the answer will be "RED", although the correct answer is "VIOLET". This
happens because when we see a word in a familiar language, we automatically
read it and a ready-made answer appears in our head. In other words, the brain
saves resources and solves the problem like this: why think and recognize the
color of letters if the answer is already there?
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Fig. 7. Example of cognitive graphic images

Based on the Stroop effect, lightweight and enhanced versions of the Stroop’s
tests are programmatically implemented in the emotional load management module.
Words written in one of six colors appear on the tablet screen at a given pace: “RED”,
“GREEN”, “BLUE”, “VIOLET”, “BLACK”, “BROWN?” (Fig. 6). The subject must
indicate the color of the letters by touching the square of the corresponding color. If
the color of the word and the square do not match, an error occurs, the number of
which is automatically calculated during the test.

The number of errors of the tested person is displayed on the smartphone screen.
At the same time, a characteristic sound signal occurs. Signaling about the appearance
of errors when performing a test imitates a stressful situation, as a result of which the
values of physiological indicators change in emotional people.

The reinforced version of the test has an additional complexity: when the next
word appears, the positions of the squares indicating the correct color of the text
randomly change their position on the screen, which increases the emotional load.
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The module interface provides settings for the duration of the test and the
rate of occurrence of words. It is also possible to enable or disable the formation
of characteristic sound signals during testing.

Evaluation of classes of regulatory patterns of physiological parameters in
accordance with expressions (2) — (6) makes it possible to assess the adequacy of
the reaction of the tested to the emotional load.

MODULE FOR INTEGRAL ASSESSMENT OF TEST RESULTS

The above set of five classes of graphical patterns that characterize the dynamics of
individual physiological parameters under load forms a complete group of random
events in the understanding that one of these classes will be unambiguously
determined by successive testing of conditions (2) — (6) during each test.

As already noted, the patterns "Maximum" (grade 1) and "Minimum" (grade 2)
characterize an adequate response of the body to the load, when three minutes after
the end of the load, the value of corresponding physiological indicator returns to the
original one. Therefore, these patterns can be used as physiological "standards" of
adequate dynamics of the change in the indicator during testing.

It is clear that as a result of testing, some indicators may turn out to be
physiological, while others may not. The final decision on the set of indicators
can be made on the basis of a direct analysis of their values calculated during the
testing process. However, it is more convenient to make a decision based on a
cognitive graphic image that visually displays this data.

To build such an image, it is proposed:

* invert the value of indicators that generated the "Minimum" pattern as a
result of testing in order to ensure the same direction of physiological patterns -
convexity upwards;

* before forming a graphical pattern, normalize the value of each i-th
indicator in the j -th state using the formula

] 3 )
xff_f)_g Zx[(j)
A(j) _ J=1 .
xj - 2, i=19"-aN9 .] :192339 (24)
13 (j)_1 J (j)
4 Z X _72)6."
/ 3o

2

the numerator of which determines the centered values of the indicator at rest, at
the height of the load and during the restitution period, and the denominator is
the standard deviation of the indicator during the testing period.

As a result of this modification, the set of patterns of all indicators is
displayed on the same scale and generates a cognitive graphical image that is
convenient for interpreting test results according to the voting rule [20, 34]
shown in Table 1.

Visual analysis of a cognitive graphical image makes it possible to almost
instantly identify indicators whose graphs do not have an upward bulge (Fig. 7.) The
appearance of such graphs requires attention from the person who conducts the test,
since this indicates that the corresponding indicator has not returned to its original
value after the rest.
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Table 1. Rule for qualitative interpretation of test results

R . The load
Pattern classes Descrip tml.l of the cognitive tolerance
image
Patterns of all indicators
correspond to the physiological | All graphs are convex upwards Adequate
class
One of patterns not correspond | One of the graphs does not have . .
. . Satisfactorily
to the physiological class an upward bulge
Two or more patterns not
. . Two or more graphs do not have
correspond to the physiological 4 bul Reduced
class an upward bulge

However, it should be noted that the detection of such “suspicious”
indicators does not always indicate a decrease in exercise tolerance. Experiments
have shown that in some people, after loads, the values of some indicators may
be better than before loads. Most likely, such situations are associated with the
individual characteristics of the autonomic nervous system of the subject or
occur with an insufficient level of load. Of course, to confirm this hypothesis,
additional studies are required to develop a methodology for adaptive load
management for concrete person.

In any case, in order to make an informed decision, it is advisable to
supplement the qualitative interpretation of the results based on a cognitive

graphic image with a quantitative analysis of the triple <xfl), xi(z),xl@ > of

values of the "suspicious" indicator, which, by request of the user, are displayed
on the smartphone screen.

CONCLUSIONS

A prototype of a mobile information technology has been developed for a personalized
assessment of a person's adaptive capabilities under conditions of increased physical
and/or emotional stress. The technology allows testing based on the Rufier’s and
Stroop’s tests. Load control is carried out using software modules that are
implemented on a smartphone running the ANDROID operating system.

The proposed technology has advantages over existing analogues, including:

* registration of the pulse wave is carried out using the built-in camera of a
smartphone without additional technical means,

* original processing algorithms made it possible to increase the reliability
of determining the parameters of cardiac cycle variability in real conditions,

* load control software modules implemented on the internal processor of
the smartphone provide convenient testing in the field and at home,

* test results are provided in the form of a cognitive graphic image that can
be interpreted by a person without special medical education.

Further research should be aimed at improving testing methods, in
particular, developing an adaptive Stroop’s test that adapts to the individual
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characteristics of the user. It is also advisable to conduct further research aimed
at expanding the functionality of the technology, in particular, improving the
technology by constructing and analyzing graphical patterns that characterize the
dynamics of blood vessel tone based on intelligent computer procedures that
provide an estimate of speed of the pulse wave propagation.
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Pesynomamu. Ilokazano, mo HajiiiHy iH(OpMaIli0 PO MyJIbCOBY XBHJIIO (IAJIBLEBY
(doromneTn3Morpamy) y mpoiieci TeCTyBaHHS MOKHA OTPUMYBATH 32 JOIIOMOTOK BOYJIOBaHOT
Kamepu cmaprdoHa Oe3 [0JATKOBUX TEXHIYHHMX 3aco0iB Ha OCHOBI po3poOiIeHHX
OpUTIHAILHUX OOYMCIIOBAJIBHUX TPOLEAYP, SKI IMepeadadaroTh CEJNeKII HaIiifHuX Ta
HeHAAIHHUX [UKIiB. [ KepyBaHHsA (i3MYHAM HABAaHTOKCHHSIM HAa BHYTPINIHBOMY
nporecopi cMmaptdoHa peani3oBaHO MpPOIEAYPY aHiMallis BIpTyaJbHOTO BUHUTENS, SKUN
JIEMOHCTPY€E TPABWIbHY TEXHIKY 1 3aJa€ HEOOXiJAHHH TEeMIT BHUKOHAHHS HAaBaHTAKCHHS.
Monynb KepyBaHHS €MOI[ITHUM HaBaHTa)KEHHSIM OCHOBaHO Ha edekrti CTpyna i 3BOIUTHCS
JI0 BUKOHAHHS PO3yMOBOi poOOTH B yMOBax Ae(iuuTy 4acy. EKCIiEepUMEHTH MiATBEpIUIIH,
IO KOTHITMBHUI rpadiyHuii 00pa3 Jae MOMJIIMBICTh TPAKTUYHO MHTTEBO BHUSBHUTH
(izioNoriuHi TMOKa3HHWKH, SKi JEMOHCTPYIOTh HEaJIeKBaTHY peaklilo OpraHizMy Ha
HaBaHTAKEHHS Ta BiANOYMHOK MiCHs Hei.

Bucnoseku. Po3pobieHa TEXHONOTIS OIIHIOBAHHS aJanTallifHUX MOXKIMBOCTEH
OpraHiaMy JIOAMHH B YMOBax MiIBUINECHUX (I3UYHUX Ta EMOI[MHUX HaBaHTaXEHb
3a0e3nedye HajiffHe TeCTyBaHHSA B TMOJbOBHX Ta JOMAIIHIX yMOBaX, a pe3ylIbTaTH
TECTYBaHHS MOXYTh OyTH IHTEPIPETOBAHO JIFOJUHOIO O3 CreIialIbHOI METUYHOI OCBITH.

Kniouoei cnosa: ingopmayitina mexnonozis Ha cmapmeoni, pecyisimopHi namepuu,
MONEPAHMHICMb 0OP2AHIZMY 00 I3UUHO20 MA eMOYIUHO20 HABAHMANCEHD.
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