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Purpose: to establish the most effective methods of monitoring and evaluating the current status of athletes, and on the basis 
of this, develop methods for remote monitoring of the current state of martial arts in the process of conducting a duel. 

Materials & Methods: videotapes of competitive fights of athletes participating in Ukrainian championships, world champi-
onships, and Olympic Games were used in the research. The methods used are: "high-speed video filming" a biomechanical 
analysis of the kinematic displacements of the total center of mass of an athlete and individual bio-kinematic parts of the body, 
followed by the determination of the dynamic efforts that ensure their movement, as well as the statistical stress that deter-
mines the availability of these efforts. 

Results & Conclusions: the use of modern technical video recording tools and computer equipment with appropriate pro-
grams for processing video sequences of performed movements and on the basis of established regularities of the flow of 
biodynamic efforts of competitive movements of martial sportsmen opens up broad possibilities for developing methods for 
remote contactless monitoring of the current status of athletes.
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Introduction

Currently, there are no objective methods for contactless re-
mote assessment of the current status of athletes leading the 
fight at sports arenas. This is complicated by the fact that their 
physical activity takes place in a situational situation and is un-
predictable, the actions performed are acyclic and extremely 
varied both in the arsenal of specific features of movements 
in a particular form of martial arts, and in the features of their 
performance. All this as a whole creates great difficulties 
not only in monitoring the current state, but also in the sub-
sequent analysis of its implementation. The emergence of 
modern video technology allows the analysis of the actions of 
athletes, but the assessment of the measure of fatigue on the 
results of video shooting is not currently carried out, which is 
an important unresolved task.

Its solution is of interest for almost any sport. This problem 
is solved in cyclic sports, based on the use of the method of 
"statistical layering" of performed cycles of movements.

His made it possible to observe quite clearly the dynamics of 
their frequency-amplitude oscillations, which was success-
fully carried out in the works on the study of the sprint run by 
A. Yefremenko [1]. In the works of Van Sin Na [4], G. P. Arte-
myeva [5], M. N. Galashko [6], Ya. I. Puhach [8] established a 

characteristic feature of the static force change at the angle 
of bend between the biokinematic links "thigh-shin", "shoul-
der-forearm" both in the mode of development of the effort 
to be overcome and in the case of repayment of the impulse 
of force. In these studies, for the first time, the dependence 
of the increase in the effort on the angle of extension of the 
biokinematic links was established, which is characterized as 
the quantity ∂F/∂φ. This characteristic is described in polar co-
ordinates by a logarithmic spiral, which clearly gives a graphic 
representation of its changes during fatigue. This character-
istic allowed A. N. Iefremenko to find a strictly determined re-
lationship between the kinematic characteristics of the move-
ment of the biological links of the limb in a smooth run at short 
distances, dynamic efforts, which are provided by their move-
ments, and static voltage, which preserves the working pos-
ture of the athlete’s body when moving it in the race. Based 
on the regularity of the behavior of the ∂F/∂φ characteristic 
and its changes during the run, he was the first to establish a 
feature of reducing the energy potential during the passage 
of a distance, which is that the kinetic energy consumption 
of body mass movement over the distance covered was less 
than the total loss.

The calculations were carried out on the basis of the analysis 
of high-speed video filming of the run of athletes of various 
ranks [9].
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The results of these studies formed the basis for a modifica-
tion of the method of remote assessment of the current sta-
tus of an athlete-combatant during a duel, in determining its 
energy costs for conducting receptions against an opponent; 
protection from enemy attacks; passive actions when prepar-
ing your attack or waiting for the actions of the enemy This 
technique and its use in the conducted research on the ex-
ample of combat sambo is presented for the first time.

Purpose of the study: establish the most effective methods 
of monitoring and assessing the current status of athletes, 
carried out in real time in the process of conducting the fight.

Objectives of the study:

1. To analyze the scientific and methodological literature on 
the existing methods of control carried out remotely in real 
time for the current state of the athletes, or the "human op-
erator" who performs his work under special or extreme con-
ditions.

2. To establish the relationship between the complexity of the 
goal; tasks aimed at achieving it, and the possibilities of exist-
ing methods to solve them.

3. Based on the analysis carried out, develop a method that 
has the necessary solvability to achieve the goal.

4. To test the method obtained.

Material and Methods of the research

Materials: data of video fights performances of athletes.

Research methods: analysis and synthesis of scientific and 
methodological literature; biomechanical video processing; 
methods of mathematical approximation of the kinematic 
displacement of the centers of mass of individual parts of the 
body and the general center of body mass; graphical presen-
tation of research results in indicative semantic spaces.

Results of the research

Remote monitoring of the current state of a person who is not 
burdened with any hardware equipment has been unresolved 
for a long time, as there were no integral methods for assess-
ing the current state. This issue was most acute in transport 
systems, in aviation and space medicine, engineering psy-
chology [17]. The first, rather effective solution to this prob-
lem was found in the development of methods for monitoring 
the control of the aircraft [21]. It was based on the control over 
the implementation of the final result of professional work in 
the management of the pilot of the aircraft by "aircraft control 
stick". Depending on the current state of the pilot, his accu-
racy of the flight training program by the aircraft control stick 
movement varied.

The peculiarity of the construction of this method was that 
control over the state of the contractor is carried out by a qual-

itative assessment of the implementation of the final result of 
a given professional activity. The observed executor was not 
burdened with any devices while monitoring the course of his 
functional state.

This method of control in all respects corresponds to its ap-
plication in the practice of monitoring the action of an athlete-
combatant during a sporting match as the type of his profes-
sional activity and evaluation of its result by external observa-
tion. However, its use to assess the interaction of two athletes 
is insufficient, since in the first case the error in the control of 
the aircraft by the pilot is completely predictable on the result 
of the behavior of the aircraft, and there is always direct con-
tact of the pilot through the aircraft control stick and in the 
interaction of two opponents in single combat, this method 
does not allow to give a reasonable forecast of the further 
development of the process being conducted, as it relates to 
non-stationary processes.

The valuable result of applying the method described above 
is that it is based on an integral indicator of a person’s gen-
eral condition, which influences the achievement of the final 
result performed by the professional activity. Any deviation 
of the current state from its adequate standard for the work 
being performed entails an error in the correctness of the 
action being performed. An equally important result was the 
established pattern of the exponential growth of the allowed 
error with a linear dependence of the indicators of the func-
tional state, which is an integral indicator of deviation from its 
"norm". 

Thus, the necessary resolvability of observation becomes 
possible only if we take into account the integral indicator of 
the general functional state of a person and the indicator of 
the magnitude of deviation from the adequate norm of the 
current state. On the basis of these characteristics, a graphic 
construction of these relations is carried out in a special at-
tribute semantic space with a single measure of comparable 
characteristics, which reflects the analytical dependence of 
the description of the sought pattern. As noted above, this 
problem was solved by А. Yefremenko when analyzing the en-
ergy consumption of the static stress of the working posture 
and the dynamic efforts that ensure the kinematic displace-
ment of the center of mass of the body parts and the common 
center of mass in the supporting and unsupported phases of 
its movement in a runner at a short distance [9].

Based on the foregoing, to assess the current functional state 
of a martial fighter when conducting a duel, the pattern of 
changes in the ∂F/∂φ characteristic was used in the plyomet-
ric mode of its manifestation in movements during the reac-
tions with support. This is reflected in the nature of the ob-
served static voltage changes its magnitude and duration of 
the flow. The process of remote monitoring was carried out 
by a special video camera and an appropriate program for 
processing the video sequence of the athlete’s movements 
performed in real time. Systematization of the athlete’s motor 
activity throughout the entire fight consists in the division of 
the performed actions into non-contact movement and con-
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tact interaction. In the time series of the athlete’s movement, 
a continuous assessment of the change in magnitudes ∂F/∂φ 
was carried out, and against its background, an estimate of 
the value of ∂F/∂φ was carried out, which made it possible to 
establish the relationship between the variation of the static 
voltage and the dynamic force observed with it, determined 
by the athlete. The empirical data, on the basis of which the 
above stated regularities were established, are presented in 
tables 1–4. 

Static voltage is characterized by an equal force ratio of the 
voltage of synergists and antagonists. The magnitude of 
this relationship is always equal to one. The potential energy 
supply providing such a ratio may vary from the permissible 
minimum to the maximum possible maximum. Oscillations or 
ripple of potential energy relative to any point; static voltage 
is observed within the entire range of its value. The maximum 
possible value of this process is observed in the middle of the 
range of static voltage. Depending on the intensity of static 
voltage and the duration of its preservation, the expenditure 
of potential energy occurs. The expenditure of potential en-
ergy is spent on dynamic efforts, which generates the move-
ments of the bio-kinematic links of the body, which are to a 
certain extent aimed at maintaining the static position of the 
working posture when performing movements of professional 
orientation. 

When measuring the static force in various angular values in 
any biokinematic pair, its quantitative characteristic is estab-
lished. This value remains the same for both synergists and 
antagonists. Any motor act is accompanied as a result of 
changes in dynamic efforts between antagonists and syner-
gists. Since all the considered characteristics are expressed 
in the same physical quantities, their relationship represents 
a dimensionless quantity, which is measured within a unit, if 
the full range of variation of all the relationships encountered 
is taken as one. 

Consumption of potential energy, if it is not replenished during 
the work, is reduced, which is regarded as fatigue. Geometri-
cally, this can be represented as a reduction in the length of 
the range, which is adopted by the "conventional unit". For the 
actual implementation of motor activity aimed at displacing 
the centers of mass of the bio-kinematic links of the body and 
the common center of mass of the body, the absolute values 
of the dynamic efforts necessary to ensure the kinematics of 
the actions performed remain the same.

This leads to a change in the structure of static stress, mani-
fested in a change in the working posture of an athlete, which 
in turn leads to changes in the speed and trajectory of move-
ment of both the common center of mass of the whole body 
and of its individual kinematic links, the technique, move-
ment is disturbed, the increase in allowed errors increases, 
the efficiency factor decreases power consumption. Charac-
teristics of temporal, spatial and power indicators undergo a 
mismatch. If this process is not comparable with the same to 
the opponent, it is manifested in the superiority of one whose 
energy potential is higher.

Since the process of fatigue is reflected in the change in the 
kinematics of motion, and it is described in strictly defined 
analytical equations, the video monitoring performed allows 
us to estimate the progress of this process in real time. Its 
representation in dimensionless quantities in semantic space 
allows us to express the qualitative characteristics of the state 
of fatigue in quantitative terms of the observed analytical de-
pendence.

It is almost impossible to reveal this pattern by conventional 
research methods, which are used when comparing various 
variants of relations of a measure of static voltage of its pul-
sating oscillation, while variations in the dynamic efforts of 
synergists and antagonists ensuring the execution of a motor 
act. Especially if this comparison is based on group average 
data. As an example, it is enough to consider the structure of 
the analysis of the variation of static voltage and dynamic ef-
forts of synergists and antagonists in the organization of the 
equifinal result of the performed professional activity.

The magnitude of the possible manifestation of static force 
depends on the innate body type, current physical condition, 
level of physical fitness. In the ongoing research measure-
ments were taken static forces. Regardless of the current 
state, innate data, body type, current physical condition and 
level of physical fitness, static stress is characterized by the 
fact that the relationship between the dynamometry of syn-
ergists and antagonists remains equal. All the parameters 
listed above lose the significance of the absolute values, and 
only the indication of the fluctuation of the range of the ripple 
boundaries of the dynamic force from the minimum value to 
the maximum value remains. The boundaries of this range in 
any case correspond to some current value of static voltage 
equal to one.

Since the generators of this characteristic are dynamic efforts 
of synergists and antagonists, their unequal relations also 
give a dimensionless characteristic, which varies from 0 to 1 
subject to the introduction of a measure 2(SV − S )

SV
 or 2(SV − А )

SV
 

where is SV  – current static voltage; S  – the maximum ob-
served dynamic synergistic effort; A – the minimum observed 
dynamic force of the antagonist, which is typical for the imple-
mentation of the action performed.  In this case, the differ-
ence of the resulting static voltage oscillations is the range of 
its pulsating oscillation (P). In this representation of the four 
interdependent characteristics, such a parameter as time is 
excluded. We are talking only about the amplitude interde-
pendence, characteristics considered. Tables 1–4 present 
the data of one athlete, whose readings are reflections of the 
relationship between the synergist and antagonist tension at 
different angles 𝝋 between the lower leg and thigh, reflecting 
the static stress of the working posture, in ensuring the flow of 
dynamic efforts of the movements performed.

Variants of this kind of relationship, depending on their mutual 
conditionality, can be created much more, but it is practically 
impossible to establish a general connection between all four 
characteristics in this type of analysis.
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In the subsequent analysis of these data, the economy of 
energy consumption for each selected group of movements 
was evaluated, which was used to determine the optimal tac-
tical behavior and the economy of energy consumption for 
conducting attacking and defensive actions. In general, the 
analysis of the fight was carried out to assess its initial and 
final energy potential, as well as the pulsation of this potential 
in the time of the entire fight. 

With accurate information about the anthropometric charac-
teristics of the growth-weight indicators, a similar calculation 
was carried out for the enemy, which later allowed to establish 
its energy consumption dynamics and correlation of profit-
ability ratios in the interaction of each fragment of the fight.

The lack of previously existing video monitoring technology, 
appropriate software and the necessary computer equip-
ment, as well as developed feature semantic spaces with a 
single measure of comparable characteristics introduced in 
them, reflecting the presented empirical data in an orderly 
form, while establishing the consistency of the studied char-
acteristics of the interacting characteristics, not allowed to 
solve problems of the complexity.

Table 1
The characteristic of the static stress of the working posture, reflecting the relationship of the pulsating 

dynamics of the efforts of synergists and antagonists with different angular deviations of the biokinematic 
elements of the "hip-shin" pair. Data systematized by the size of the pulsating range of efforts 

of the synergist-antagonist when performing a motor act (о)

No. S А P SV No. S А P SV

1. 100 20 20 90 17. 120 60 60 90
2. 120 100 20 110 18. 140 80 60 110

3. 140 120 20 130 19. 160 100 60 130

4. 160 140 20 150 20. 180 120 60 150

5. 180 160 20 170 21. 100 20 60 60

6. 80 50 30 65 22. 120 40 80 80

7. 100 70 30 85 23. 140 60 80 100

8. 110 80 30 95 24. 160 80 80 120

9. 120 90 30 105 25. 180 100 80 140

10. 160 130 30 145 26. 130 50 80 90

11. 180 150 30 165 27. 120 30 90 75

12. 100 60 30 80 28. 140 50 90 95

13. 120 80 40 100 29. 150 60 90 105

14. 160 120 40 140 30. 160 70 90 115

15. 180 140 40 160 31. 170 80 90 125
16. 100 40 40 70 32. 180 90 90 135

Remark. SV is the statistical voltage; S is the synergist’s dynamic effort; A – dynamic effort of the antagonist in the frame 
analysis of the performed movement by the athlete, P – pulsating oscillation.

Table 2
Ratios of the characteristic of static voltage with 
maximum effort, synergists and dynamics of the 

efforts of antagonists in providing a motor act and 
changing the value of pulsation of the range in differ-

ent angular positions of the kinematic pair 
"thigh-shin". The data is selected from table 1

S 120 120 120 120 120 120
А 100 90 80 60 40 30

P 20 30 40 60 80 90
SV 110 105 100 90 80 75

Table 3
The ratio of changes in synergistic efforts, static 

voltage pulsations with a constant indicator of the 
efforts of antagonists. 

The data is selected from table 1

А 80 80 80 80 80 80
S 100 110 120 140 160 170

P 20 30 40 60 80 90

SV 90 95 100 110 120 125

From the analysis it follows that:

1)  for comparing and commensurability of the observed in-
terdependent relations in processes and phenomena, a uni-
fied measure of their representation in non-changeable units 
is necessary in order to obtain the proportion of their ratio to 
each other in commencement to something third, as the val-
ue of the standard of comparison. They can be the range of 
fluctuations of these values from its max to min; or their sum 
(compared values) to their current value. In this case - the 
opened share ratio of each part to the whole. The change of 
the whole remains uncertain. They are the current potential of 
the entire system. In this case, only the qualitative component 
of the whole is reflected, but not its value; 
2) the stability of the occurrence of the considered ratios of 
the compared quantities is expressed in their constancy of 
manifestation, which, with their multiple layering, is reflected 
in the indicator "how much?".

Choosing the characteristic of any comparable value (the inter-
val "max-min", or the value of the relationship), it is necessary 
to accumulate its combination, after which it came and what 
follows after it. "What emerged from the past", "what gave birth 
to the present". The constancy of statistical accumulation in 
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the current present, as the basis of the observed indicator, and 
the variation around it of the past from which it arose, and the 
subsequent that it gave rise, gives a "structure of the constan-
cy of the occurrence of constant relationships", which reflects 
its qualitative structure and the variability of the compared 
structure. Its universality of the emergence and transition into 
the next, that is, the triad "generating-existing-generated", or 
"past-present-next", or "previous-present-future";

3)  the manifestation of a statistical accumulation of "con-
stancy of observation of the following structures of constancy 
of the occurrence of constant relations" is an expression of a 
certain self-organizing system that emerged from the genera-
tor environment, which finds its presentation in a specific ana-
lytical expression, and its stability is determined by "constant" 
coefficients when the established values of the parameters 
"constantly", manifested analytical expressions, reflecting 
the pattern the process of self-organization and its accessible 
universality in the generation of the subsequent variability of 
self-organizing systems as a set of autonomous units inter-
acting with each other.

In all cases, it was a question of the qualitative organization 
of this process without taking into account the potential en-
ergy-mass exchange necessary for its maintenance, which 
consisted in the simultaneous and sequential flow of various 
processes, which characterizes the qualitative feature of their 
organization. The simultaneous occurrence of the same pro-
cesses reflects the strength of their severity (amplitude), and 
successively the same processes, reflect the duration of their 
action.

This variability of possible combinations and "jointly proceed-
ing processes" in a certain space with an appropriate density 
of their combination generates the stability of their occur-
rence, which is reflected by the amplitude-frequency depen-
dence of their periodic repeatability, which has a strictly de-
termined analytical apparatus reflecting the formation of this 
process. 

When testing the material obtained, a method was used to es-
timate the athlete’s energy potential to change the plyometric 
response of the ∂F/∂φ indicator, which reflects the measure 
of static voltage during the development of fatigue during the 
current work and dynamic efforts, manifested in changes in 
the ∂F/∂t indicator, determining the speed of movement of the 
bio-kinematic links of the body and its common center mass.

The essence of it was to determine the magnitude of the 
change between the characteristic of the preceding signal to 
the measured next. From the entire video series, a set of iden-
tical signals was selected, which were located according to 
their size from the weakest to the strongest. Regarding them, 
a variation of outgoing and subsequent signals was noted; 
those that formed it, and those that formed it. In fact, this 
method, which was proposed by Galton in the method of "col-
lective photography", was tested by Sheldon and, taking into 
account modern technical advances, in a modified version of 
its application, our own are used in scientific research carried 

out at Kharkiv State Academy of physical culture [22; 23].

All the calculations described were carried out in real time. 
The final signal processing was represented in the form of a 
graphical expression of a nomogram of two combined coor-
dinate grids rotated relative to each other at an angle of 45°. 
The first rectangular grid represents the vertical (ordinate) 
change in energy potential in its maximum manifestation in a 
controlled individual. Horizontal (abscissa) there were chang-
es in its minimal manifestation. The values of the boundaries 
of the pulsations were taken from the video series, which de-
termined the range of pulsations in the change in the energy 
potential of the controlled individual. 

The second rectangular grid represented by the ordinate value 
the current value of the pulsation energy potential when the 
controlled motor activity, and the abscissa represents the mag-
nitude of the static voltage determined by changes in conduct-
ed performance plyometric control. The static voltage scale 
(abscissa in the second coordinate grid) in the first coordinate 
grid is the bisector of the angle of this coordinate grid.

The general picture of the observed interdependent process-
es, reflected in the indicative semantic space with the mea-
sure introduced in fractions of sigmal values, is presented in 
Figure 1. 

This method of monitoring and current analysis of the data 
obtained can be used in any kind of sports and professional 
activities.

The limiting complexity of the widespread use of this method 

Fig. 1. The pattern of movement of the common point 
of the indicator of the energy potential ripple in its 

orderly representation in the indicative semantic 
space with its arbitrary manifestation in the potential 
naturally occurring process of a single combat fight-
er: S – reflects the value of synergetic efforts in the relationship of 

potential with its antagonist A in providing equal static voltage repre-
sented by all relations, when S⁄(А=1), as the coefficient α of constant 

relations of static voltage, which is the diagonal of the coordinate 
system S; А. The orthogonal to this diagonal is the coordinate axis of 

the pulsation of the coefficient S⁄(А=1) and this diagonal itself consti-
tutes a space that has a single origin with the space S; A is rotated by 

an angle α=45o. The zone of joint intersection of these spaces is an 
area in which the interaction of a common point is reflected, which 

unites the interaction of all 4 parameters. Its movement generates an 
analytic regularity reflecting the interdependence of the behavior of 

that point.
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is the technique used to provide it, which includes appropriate 
video equipment, computer equipment, appropriate software 
and specialists in its operation, which will later constitute the 
field of scientific and practical support for the training of high-
ranking athletes. 

Conclusions / Discussion

Based on the use of modern technical video equipment and 
computer equipment with appropriate programs for process-
ing video sequences of performed movements and on the 
basis of established regularities of the flow of biodynamic 
characteristics in performing competitive movements of mar-
tial artists, a method of remote contactless monitoring of its 
current state has been developed.

Observing results obtained allow us to estimate the most 
energy-loss athletes in motor activity pursued controlled duel 
structure, whereby the tactical possible to determine the be-
havior of the athlete.

In the training process, the use of this method of monitoring 
the athlete's state allows for mastering the most economi-
cal techniques for performing difficult-coordinated actions, 
and when analyzing the "opponent" equipment, establish his 
weakest positions in the conduct of the fight.

Further development of this direction will be connected with 
its wider practical implementation.
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