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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 
HRV 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: 

)1(
ix , )2(

ix , )3(
ix , Ni ,...,1= , (1) 

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 (%); HFLF /  — sympathovagal index, Baev.Ind. — 
Baevsky stress index. 
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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 )3()2()1( ,, iii xxx Ni ,...,1= , 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  

,)()( )3()2()1()2(
iiiiii hxxhхх >−∧>−  

(2) 

class 2 "Minimum", if 

,)()( )2()3()2()1(
iiiiii hxxhхх >−∧>−  

(3) 

class 3 "Increase", if  
,)()()( )1()3()2()3()1()2(

iiiiiiiii hxxhxxhхх >−∨>−∨>−  
(4) 

class 3 "Decrease", if  
,)()()( )3()1()3()2()2()1(

iiiiiiiii hxxhxxhхх >−∨>−∨>−  
(5) 

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

where ih  – 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. 

Module of  
physical loads control 

Photoplethysmograms 
recorder 

Cardio intervals 
dynamic series 

analysis

Module of 
emotional loads control 

Determination of HRV 
parameters 

Analysis of test results 
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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): 

),(1 yxктΨ , ),(2 yxктΨ , ),(3 yxктΨ ,…, (7) 

where ),( yxктzΨ  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: 

∑∑
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,    ,...2,1=z  , (8) 

where xQ , yQ   are the number of pixels in the finger image of the horizontally 

and vertically respectively  forms a sequence of discrete values Nqqq ,...,, 21  of 
the pulse wave at discrete points of time ,...2,1=z . 

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 

Nqqq ,...,, 21  is 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
1 Ω−− −

Ω
+= zzzz qqGG ,      ],1[ Nz +Ω∈  (9) 

we evaluate the trend of the observed sequence of the pulse wave discrete values 
Nqqq ,...,, 21  which is modified by follow: 

zzz Gqq −=~ . (10) 

As a result 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  rΔ , ,...2,1=r  . 
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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 1Δ , 2Δ , … , NΔ , , … in the process 
of recording a pulse wave in accordance with the patent for the invention [21].  
To do this, the first five 1Δ , 2Δ , 3Δ , 4Δ , 5Δ values 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: 

86,01 =Δ s; 31,12 =Δ  s ; 87,03 =Δ  s ; 81,04 =Δ  s; 85,05 =Δ s, (11) 

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

31,11 =d  s ; 87,02 =d  s; 86,03 =d  s; 85,04 =d  s; 81,05 =d s. (12) 

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

3
432

3
ddd ++

=δ . (13) 

The value 3δ calculated according to (13) determines the first element of 
the modified dynamic series of cardiointervals. 

When the next element  6Δ  is defined the five values 2Δ , 3Δ , 4Δ , 5Δ , 

6Δ  are ranked again, the first and last of the ranked values are ignored, and the 
remaining three values 3d , 4d , 4d  are averaged according to the formula 

3
543

4
ddd ++

=δ  , (14) 

which forms the next value 4δ  of the modified dynamic series of 
cardiointervals. The process of modifying cardiointervals continues in a similar 
way in real time until the last value NΔ  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 2−Δ j , 1−Δ j , jΔ , 1+Δ j , 2+Δ j , 2,...3 −= Nj  
such false values will either be in the first or last place of the ranked values 

2−jd , 1−jd , jd , 1+jd , 2+jd , 2,...3 −= Nj  of the sliding buffer. The  current 
value of the modified cardio intervals is determined by the formula: 



Mobile information technology for Assessing the Adaptation Capabilities of the Human Body  Under   
 

 

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print).  Cyb. and Comp. Eng. 2022.  № 4 (210) 67

 

3
11 +− ++

=δ jjj
j

ddd
,   2,...3 −= Nj . (15) 

So the false values of the original dynamic series of cardiointervals are 
automatically deleted. 

For example, the value 31,12 =Δ s, which is significantly different from the 
other values in the first five of the initial series of cardiointervals (11), after 
ranking will be in first place ( 31,11 =d s) 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 86,03 =δ s. 

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 BN of atypical cycles is much less than the total number N  of cycles of 
the registered pulse wave, i.e. 

NNB << . (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 μνL between the μ -th 

),...,1( N=μ and ν -th ),...,1( N=ν cycles, fragments )(i
nq of the anacrotic 

( 1Ii =  ) and dicrotic ( 2Ii =  ) phases of each n -th cycle are modified based on 
the operator transformation 
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where )(i
na , )(i

nb 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 μνL form a square matrix 
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The matrix Λ allows to determine the most typical pulse wave cycle 
(reference cycle) by the formula 

∑
=μ

μν
≤ν≤

=
N

N
LS

11
0 minarg , (19) 

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 

1,...1),,( 0 −=λ=ℜ λ NSSL  (20) 

between the reference cycle 0S and the remaining 1−N cycles 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 0ℜ , on the basis of which the 
set of all cycles is divided into two subsets: 

Typical cycles, when 0ℜ≤ℜ ; (21) 

Atypical cycles, when 0ℜ>ℜ . (22) 

The threshold value 0ℜ 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 

θ

θ
=τ

N
Nv , (23) 
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where θ  is the user-specified test execution time (s), θN  is the user-specified number 
of squats that must be completed during time θ , and const=vN is the total 
number of frames that ensures the animation is realistic. The values of the variables θ  
and θN  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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Fug. 6. Module of emotional loads control window  

 
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 

,     Ni ,...,1= ,     3,2,1=j ,

 

(24) 

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 

 
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 )3()2()1( ,, iii xxx  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 

Pattern classes Description of the cognitive 
image 

The load 
tolerance 

 

Patterns of all indicators 
correspond to the physiological 

class 
All graphs are convex upwards Adequate 

One of patterns not  correspond 
to the physiological class 

One of the graphs does not have 
an upward bulge Satisfactorily 

Two or more patterns not  
correspond to the physiological 

class 

Two or more graphs do not have 
an upward bulge Reduced 



Mobile information technology for Assessing the Adaptation Capabilities of the Human Body  Under   
 

 

ISSN 2663-2586 (Online), ISSN 2663-2578 (Print).  Cyb. and Comp. Eng. 2022.  № 4 (210) 75

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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МОБІЛЬНА ІНФОРМАЦІЙНА ТЕХНОЛОГІЯ ДЛЯ ОЦІНЮВАННЯ 
АДАПТАЦІЙНИХ МОЖЛИВОСТЕЙ ОРГАНІЗМУ ЛЮДИНИ 
В УМОВАХ ПІДВИЩЕНИХ НАВАНТАЖЕНЬ 

Вступ. Важливу роль в оцінюванні адаптаційних резервів організму в умовах 
фізичних і емоційних навантажень має інформація, одержувана за допомогою 
спеціальних тестів. Такі тести мають бути досить зручними для оперативного 
отримання результату, зокрема, в домашніх та польових умовах. 

Мета статті — розроблення принципів побудови мобільної ІТ для 
оперативного оцінювання у польових та домашніх умовах адаптаційних можливостей 
організму людини та реалізація ІТ на смартфоні. 

Методи. Для оцінювання толерантності до фізичного та емоційного 
навантаження будується когнітивний графічний образ, який інтегрально характеризує 
регуляторні патерни змін фізіологічних показників серцевого ритму, обчислені у трьох 
станах: стані спокою, на висоті навантаження та в період реституції. 

Результати. Показано, що надійну інформацію про пульсову хвилю (пальцеву 
фотоплетизмограму) у процесі тестування можна отримувати за допомогою вбудованої 
камери смартфона без додаткових технічних засобів на основі розроблених 
оригінальних обчислювальних процедур, які передбачають селекцію надійних та 
ненадійних циклів. Для керування фізичним навантаженням на внутрішньому 
процесорі смартфона реалізовано процедуру анімація віртуального вчителя, який 
демонструє правильну техніку і задає необхідний темп виконання навантаження. 
Модуль керування емоційним навантаженням основано на ефекті Струпа і зводиться 
до виконання розумової роботи в умовах дефіциту часу. Експерименти підтвердили, 
що когнітивний графічний образ дає можливість практично миттєво виявити 
фізіологічні показники, які демонструють неадекватну реакцію організму на 
навантаження та відпочинок після неї. 

Висновки. Розроблена технологія оцінювання адаптаційних можливостей 
організму людини в умовах підвищених фізичних та емоційних навантажень 
забезпечує надійне тестування в польових та домашніх умовах, а результати 
тестування можуть бути інтерпретовано людиною без спеціальної медичної освіти. 
Ключові слова: інформаційна технологія на смартфоні, регуляторні патерни, 
толерантність організму до фізичного та емоційного навантажень. 
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