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Abstract

The study objective is to substantiate and implement modern electronic automated monitoring systems to
improve the testing of speed-strength abilities in the process of physical education.

Materials and methods. To solve the research tasks used the methods of comparing and contrasting are
used and analysis, synthesis, abstraction, formalization and technical modeling.

Results. The developed capacitive sensor device for control of speed-power abilities is presented. The
device is built on a combination of modern nanotechnology and microprocessor systems. As part of the
device, the array of active electrodes with digital output registers an input signal from a marker placed on
the monitoring object and whose position changes during the exercise. Then the digital signal through
the interface and the communication line, goes to the signal converter, where it is processed and wireless
transmission devices signal goes to the personal computer, where the result of the exercise is displayed.
Conclusions. Use in pedagogical control of the physical education process of the developed device
provides reliable objective test data with little loss of time to ensure the quality of control.

Keywords: control, testing, monitoring, speed and power abilities, sensor device.

Introduction

Problem statement. A rational qualitative
approach to the process of physical training provides for a
constant assessment of the adequacy of a specific training
program and ensuring a quick correction of the inconsistency
(Ivashchenko, 2016). The current pedagogical control of
the dynamics of physical fitness is considered as the main
component of the management of physical training in the
process of physical training, which is the basis for further
planning (Preatoni, Hamill, Harrison, Hayes, Van Emmerik,
Wilson, & Rodano, 2013).

Effective management of the physical preparation pro-
cess implies possession of objective and reliable information
on the dynamics of indicators of the level of physical fitness.
Questions of pedagogical testing physical fitness — one of the
most relevant theory and methodology of physical education
(Anikieiev, 2015; Alfrey, & Gard, 2014; Magill, 2007).

Analysis of recent research and publications. Numerous
scientific sources (Lauber, & Keller, 2014; Reiman, & Manske,
2009; Tanner, & Gore, 2012) are devoted to the management
of the training process in the field of physical culture on the
basis of monitoring the state and level of special physical fit-
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ness. However, this problem is still a matter of debate. The
fact that the basis for the growth results of physical training
lies in the improvement of means and methods for the devel-
opment of physical qualities, as well as the current pedagogi-
cal control of this process is undoubted (Hardman, & Green,
2011; Stroot, 2014; Schmidt, & Wrisberg, 2008).

One of the problems facing researchers in the field of
physical education is the need for a radical restructuring of
the pedagogical control system in the direction of its mod-
ernization, the introduction of innovative approaches, and
modern technologies of organization a testing (Silverman,
Keating, Phillips, 2008; Koryahin, Blavt, & Ponomaryov,
2019; Purcell, Channells, James, & Barrett, 2005). Ensuring
a high level of physical fitness, which is one of the important
subjects of study of many studies, determines the high rel-
evance of finding ways to improve testing methods. Given
the above, the development of tools and methods of test in
pedagogical control is a powerful means of improving the
effectiveness of the training process (Bassett, 2000; Koryagin,
& Blavt, 2019; Tanner, & Gore, 2012). Given that the most
relevant topic for discussion in science today is the topic of
innovation, let us note the discreet consideration of these is-
sues in the current scientific literature, which requires studies
of adaptation and introduction of new information services,
which can not be considered relevant and promising.
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One of the most informative indicators of physical condi-
tion is considered by specialists as speed-power abilities (Ed-
wards, 2010; Lauber, & Keller, 2014). In the system of physi-
cal training, power abilities are the most multicomponent in
their structure and dimension compared to other physical
qualities. Their high level is practically necessary to maintain
a high level of performance in the process of physical culture
(Lauber, & Keller, 2014; Wulf, & Lewthwaite, 2009).

Speed-power abilities manifest themselves in actions
where, along with force, high speed of movement is required
(athletics jumps and throwing, sprint, boxing, barbell jerk,
etc.) (Mikolajeca, Waskiewicza, Maszczykb, Bacike, Kurekd,
& Zaja, 2012). They are characterized by unsatisfied mus-
cle tensions, manifested with the necessary, often maximum
power in exercises performed with considerable speed, but
not reaching, as a rule, the limiting value. Speed-power abili-
ties are manifested in the ability to perform movement in the
shortest possible period of time and under conditions when
there is an active opposition to this. These forceful counter-
measures include: overcoming the strength and severity of
body weight (Ivashchenko, 2016; Stroot, 2014; Mac-Duggala,
1997).

The development of speed-power abilities in the studies
of reputable scientists is given a lot of attention, since they are
the scientific basis for understanding and practical solution
of certain issues in physical training (Lauber, & Keller, 2014;
Magill, 2007; Stroot, 2014). Among the necessary conditions
that ensure their improvement, it is important to study the
dynamics of their development, which requires the creation
of an optimal method of control (Crocker, & Algina, 2015;
Shumway-Cook, & Woollacott, 2007; Hardman, & Green,
2011).

Analysis of practical and theoretical studies of the is-
sue under study (Bassett, 2000; Edwards, 2010; Koryagin, &
Blavt, 2019) shows the existing contradictions between the
need to ensure the objectivity of testing and the inability to do
this. It should be noted that in theory and practice of physical
culture and sports, issues related to the information content
of the procedure for testing the dynamics of speed-power
abilities are not sufficiently developed, which is recognized
by many scientists (Crocker, & Algina, 2015; Wulf, & Lewth-
waite, 2009; Reiman, & Manske, 2009).

The need to find ways to improve the methods of test-
ing speed-power abilities led to the choice of the topic and
direction of research. We believe that the development of new
tools, methods and technologies based on modern achieve-
ments of electronic equipment is one of the most important
and most promising areas for improving the testing process.

Purpose of the research is to substantiate and implement
modern electronic automated monitoring systems to im-
prove the testing of speed-strength abilities in the process of
physical education.

Materials and methods

To solve the research tasks used the methods of compar-
ing and contrasting are used and analysis, synthesis, abstrac-
tion, formalization and technical modeling. The research
strategy is focused on the integration of the information re-
source of newest electronic technologies to ensure the effec-
tiveness of control in the process of physical education. Our
innovative idea envisaged the integration of interdisciplinary
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and project-based approaches. The research strategy was fo-
cused on the integration of information resources for effec-
tive control. We aimed to intensify the pedagogical process of
control, which greatly enhances its informative capabilities.
Informatisation in monitoring in the context of our study
was to build the infrastructure of means of receiving, storing,
accumulating and processing information. This presumed
the creation of a breakthrough compute-ahead device for
controlling speed-strength abilities, whose work was focused
on ensuring the effectiveness of testing, enriching the control
information data and enhancing the results.

Technical simulation used to create instruments to be
studied (Estivalet, & Springer, 2009). In this case, the use of
technical means further modeling is experimental in nature.

Technical modeling based on the elements of prediction,
please be based on the results, which at the time of the deci-
sion is still unknown, used to obtain new knowledge about
the object under study. This is realized on the basis of the
study of ego conditionally description, basic parameters and
predictability of properties, implementation and their mani-
festation in practice, which is an objective practical criterion
test our knowledge. As an effective scientific method, the ap-
plication of theoretical logic modeling, based on conceptual
ideas and symbolism, provides clear identification, analysis
and rationalization of the use of development tools (Magill,
2007; Edwards, 2010). The result of these representations is us
in the form of a structural diagram.

Results

To determine the level of speed-strength abilities used a
variety of control exercises. At present, it is most often pro-
posed to use the “jump” test - jumping up (with and without
a measuring tape): moving the body or its individual seg-
ments in space in a relatively short time (Tanner, & Gore,
2012).

To control the height of jumping without a measuring
tape, a graduated board is used, which is mounted on the wall.
The subject of monitoring is standing, touching the board as
high as possible. Next, jumps vertically up and touches the
markup again. The distance between two touch points is an
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Fig. 1. Determination of jump height without
measuring tape
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Fig. 2. Structure of the metallized fabric

estimate of the height of the jump. The same test also meas-
ures speed-power endurance: a series of jumps are performed
at intervals of 3 seconds. Quantitative assessment of the test
is carried out by ergometric analysis, which allows to obtain
a number of indicators characterizing the speed-strength en-
durance: the maximum jumping height and the number of
jumps performed with the maximum height.

The difficulty of this test lies in the need for strict stand-
ardization of the standing position - stand facing the board
with the hands as high as possible, as well as squatting: the
position when the angle at the knee joint is 90 degrees, which
can be standardized only by using an electro-goniometer.

Jumping out with a measuring tape consists of using a
device that is an elastic clip, tightly attached to the floor. The
methodical feature of this test is that the subject, after jump-
ing, must land in a square measuring 40x40 cm, which makes
it difficult to carry out the test (Mac-Duggala, 1997).

Accordingly, given the objective difficulties in conduct-
ing the test, there is a certain dependence of the subjective
assessment of the perception of compliance with the neces-
sary body position, which is established visually during the
monitoring. There is a probability of error in the reliable as-
sessment of the results of the test exercise. Accordingly, they
cannot testify to the effectiveness of the used means of the
training process.

To create an automated system for testing the param-
eters of speed-power abilities, we have developed a capacitive
sensor monitoring device, which is based on a combination
of modern nanotechnology and microprocessor systems,
in particular, smartphones, tablet computers, etc. The basis
of the capacitive sensor monitoring device is an electronic
measuring system of the spatial position of objects based on
capacitive sensing devices (Hotra, Mykytyuk, & Sushynskyy,
2010).

Sensory devices are one of the most dynamically devel-
oping classes of modern electronics (Baxter, 1997). Mod-
ern microsensorics, as the formed direction of development
of electronic means for measuring parameters of physical
quantities, combines traditional measuring equipment, sol-
id-state electronics, circuit technology and microprocessor
technology. One of the most progressive classes of sensor
devices is capacitive type sensors. The informative signal of
such sensors is the capacitance between the electrodes, which
changes under the influence of external factors. Such a factor
is the distance between the moving body of the monitor-
ing object and the system of stationary electrodes. A signifi-
cant advantage of capacitive type sensors is the non-contact
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measurement process, which ensures high ergonomics of the
capacitive sensor monitoring device (Haake, 1996; Hotra,
Mykytyuk, & Sushynskyy, 2010).

To create electrodes in these devices, “intelligent tex-
tiles”, which is made using nanofibers, is used. The latter are
made by filling traditional fiber polymers with nanoparticles
of conductive materials, which ensures their high elastic and
electrical characteristics. One of the most promising materi-
als are carbon nanotubes. The electrical conductivity of the
fibers filled with them is comparable to copper, and the me-
chanical stability with steel. At the same time, the specific
weight of nanotubes is hundreds of times less than in tradi-
tional materials.

The manufacture of conductive fabrics has already been
mastered by industry, in particular, Hana Elecom manufac-
tures a wide range of flexible metallized fabrics (Fig. 2), ad-
hesive tapes can be applied on traditional fabrics, as well as
a variety of flexible profiles, gaskets, etc. The basis fabric is
polyester fibers (Polyester), whose surface is covered with ul-
trathin layers of copper, nickel or gold (Copper, Nickel, Gold
plating) (Koryagin, & Blavt, 2019).

To ensure the reliability of the test results and the ob-
jectivity of monitoring in the high jumps, an capacitive sen-
sor monitoring device was formed. The structure of which
includes: capacitive electrodes (active and passive), a signal
line, a signal converter, an interface, a communication line
and a mobile communication system, in particular, a smart-
phone or tablet computer.

A one-dimensional matrix of active strip capacitive elec-
trodes is glued to the indicator wall (Fig. 3). The active elec-
trodes are connected to the signal transducer by a signal line
(cable harness). A passive electrode in the form of a marker,
placed on the subject of monitoring, is contactless, which
ensures the absence of cables between this electrode and the
signal converter.

The signal converter provides switching of a matrix of ca-
pacitive electrodes to one analog information input and con-
versions such as “capacitance of an electrode - a digital code”
Further, the digital signal is transmitted via the interface (in
this embodiment, the USB interface) and the communication
line, in particular, the infrared or radio frequency bands, is
transmitted to the mobile communication system, where it is
recorded and graphically visualized.

In the system for measuring the jump parameters, the
matrix of capacitive electrodes generates a set of signals that
can be used to monitor the highest and lowest points of the
body of the monitoring subject, the position of body parts
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Fig. 4. An example of a waveform when performing a test exercise

and movement dynamics (with a time resolution of 0.01 s).
Electrodes in the form of flexible conductive tapes are glued
to the indicator wall, up to 3 m high. The width of the tapes
and the distance between them is 5 mm, which determines
the resolution of the spatial position measurement, in par-
ticular above the floor level, of the monitoring subject.

The signal converter is implemented on the PSoC inte-
grated circuit — a programmable system on a chip from Cy-
press (Koryagin, & Blavt, 2019). An example of a waveform
and its boundaries are shown in Fig. 4, where it is shown: 1,
2, 3- the signal.

The developed method of estimating the speed-power
abilities is that the matrix of active electrodes with a digital
output registers the incoming signal from a marker placed on
the subject of monitoring and whose position changes during
the exercise. The matrix registers the start of the exercise, the
process of completion and the end of the exercise. Next, the
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digital signal through the interface and the communication
line enters the signal converter, where it is processed. Next,
wireless devices transmit information through a signal to an
electronic computing device, which they use to monitor the
exercise and, by the value of which, they make a conclusion
about the state of speed-power abilities.

The advantages of the developed method include the
combination of such properties as:
the comfort of the examination, which excludes the
special preparation of the subject of monitoring for
attaching electrodes or sensors on it during its ex-
amination;
a short survey time, which consists of the informa-
tion retrieval time (usually within 20-60 seconds)
and the time for viewing the obtained data and ana-
lyzing the processing results, which does not exceed
1-2 minutes during mass surveys; but it can be im-
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plemented and monitoring, that is, long-term obser-
vation with the update of the processing results after
a specified time interval;

information content of the survey;

high confidence level;

multifunctionality, allowing to use the technique as
a diagnostic tool for wide control and training of
speed-power abilities;

ease of implementation.

The introduction and use of modern electronic technolo-
gies in the test process in the field of physical culture and sports
is a powerful methodological basis for its continuous, scientifi-
cally grounded, targeted correction based on an integral ap-
proach to the development of physical qualities, which allows
achieving a qualitative improvement in the training process.

Discussion

We fully support the scientific approaches of special-
ists engaged in finding ways to optimize physical educa-
tion results (Ivashchenko, 2016; Schmidt, & Wrisberg, 2008;
Shumway-Cook, & Woollacott, 2007). In this context, we
are joining the idea that the efficiency of this process can be
greatly enhanced by adjusting the pedagogical control. The
results of our study are consistent with a number of scientific
advances on the expedient implementation of controls in
physical education that regulate the appropriateness of peda-
gogical effects to ensure the effectiveness of physical educa-
tion (Bassett, 2000; Matiegka, 1991; Stroot, 2014; Wulf, &
Lewthwaite, 2009).

Our research corroborates the studies (Clarys, & Cabri,
1993; Shepard, & Janky, 2008; Kavanagh, & Menz, 2008)
which postulate that the automation of the process for ob-
taining and processing information of testing can signifi-
cantly improve the efficiency of obtaining and evaluating in-
formation in real time and significantly reduce time spent on
conducting tests.

The use of modern electronic technologies in the testing
ensures the accuracy of the presentation of the measurement
information and the correspondence between the degree of
scientific reliability and the practical value of the results. This
corroborates our own scientific research results in the given
domain (Koryahin, & Blavt, 2018; Koryahin, Blavt, & Pon-
omaryov, 2019; Koryahin, Mukan, Blavt, & Virt, 2019).

The results of the study supplement the data on peda-
gogical assessment in physical education. We are of the opin-
ion that using the potential of modernization in the mod-
ern scientific space, it is possible to significantly increase
the informatization of physical training by using the latest
technologies in the implementation of pedagogical control
(Capobianco, Almuklass, & Enoka, 2018; Koryahin, Blavt,
& Ponomaryov, 2019; Purcell, Channells, James, & Barrett,
2005; Kavanagh, & Menz, 2008).

The scientific novelty of the results of this research is that
for the first time the software of assessment of speed-strength
abilities in the physical education, developed on the basis of
modern electronic technologies, is presented.

The results of the study complement the information on
pedagogical control in physical education (Anikieiev, 2015;
Alfrey, & Gard, 2014; Jrgensen, Andersen, Froberg, Maeder,
von Huth Smith, & Aadahl, 2009; Ivashchenko, 2016; Ko-
ryahin, Mukan, Blavt, & Virt, 2019).
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Information on the practical use of the latest technolo-
gies to ensure modern advances in the theory and meth-
odology of physical education has been supplemented (Ed-
wards, 2010; Estivalet, & Springer, 2009; Koryahin, Blavt,
& Ponomaryov, 2019). We support scientific approaches
(Mac-Duggala, 1997; Strohrmann, Harms, Kappeler-Setz, &
Troster, 2012; Wulf, & Lewthwaite, 2009) that such a strat-
egy provides quality control of the lead character, which will
greatly improve the quality of testing and control results ob-
tained and provide a transition to a new level of effectiveness.

Conclusions

Improving the quality of the training process is possi-
ble through the development and implementation of special
electronic-technical devices for the implementation of auto-
mated monitoring of special physical fitness. The proposed
method for estimating speed-power abilities is based on the
latest achievements of electronic equipment, which provides
reliable data with insignificant loss of time. The scientific
potential of the technical equipment of the testing process in
the process of physical training allows for a sufficiently high
level to monitor and evaluate these indicators.

An objective assessment of the development of speed-
strength parameters of physical fitness allows you to compre-
hensively solve current control issues, make timely adjust-
ments during classes according to the results obtained and,
thus, ensure that the optimal strategy for the training process
is selected through its targeted correction.

The presented results of the work can be qualified as a
significant contribution in the field of physical education in
the context of modernization of this process in the context of
integration of Ukraine into the European space. The realiza-
tion of innovations is a testament to their real value, an in-
dicator of relevance and effectiveness, which are manifested
in concrete, qualitatively new results of physical education.
Further research is planned in the direction of the develop-
ment of automated technologies for the reorganization of
other test samples for the organization of clear control in the
field of physical culture.
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MOTEHLIAN HOBITHIX TEXHONOTIN
Y 3ABE3NEYEHHI EOEKTUBHOCTI NEAATOrYHOIo
KOHTPOJIIO Y OIBUMHOMY BUXOBAHHI

Biktop Kopsarin', Oxcana brast', Onekcanpgpa Baniscbka?, Bomogumup CragHuk!
'HanionasibHMit yHiBepcuTeT «J/IbBiBCbKa MOMiTeXHiKa»
*HanioHa/IbHUI TiCOTeXHIYHMI YHIBEpCUTET YKpaiHU

Pedepar. Crarrs: 7 c., 4 puc., 30 mxepern.

Merta mocmifKeHHs — OOIPYHTYBaHH: Ta
pearisaliis HOBITHIX TEXHOMOTIYHMX 3aC0O0iB [/ BOCKOHA-
JICHHS TeCTYBaHH: IIBUAKICHO-CIIOBYX 31i6HOCTeI! y IIpo-
eci ¢isMYHOro BMXOBaHHA.

Marepianu Ta Mmetogu. 11 BupillleHHA 3aBJaHb J10-
CITifI>KeHH: BUKOPUCTaHO METOM NTOPiBHAHHSA aHai3y, CH-
Te3y, abcTpakiii, popmarizanii i TEXHIYHOTO MOZETIOBaHHSL.

Pesynpratu. IlpencraBieHo po3pobieHnit eMHiCHMI
CEHCOPHMII IIPUCTPiNl /11 KOHTPO/IIO WBUKICHO-CUIOBUX
3gi6buocTeit. Ilpuctpint mobygoBaHmMil Ha IMOEFHAHHI Cy-
JaCHMX HAHOTEXHOJIOTIN Ta MiKPOIPOIIECOPHMUX CUCTEM. Y
CK/Tafii TIPUCTPOI0 MATPUIISI AKTUBHUX €TEKTPOLiB 3 1ud-
POBUM BUXOJOM PEECTPYE BXiIHMII CUTHAJ Bifi MapKepa,

po3MilieHoro Ha 06’€KTi MOHITOPUHTY i IOJIOXKEHHS SIKOTO
3MIHIOETbCA Tif yac Bipasu. [Jayi nyudpoBuit curHan depes
inTepderic i niHio0 3B’A3Ky HaXOAUTD Ha CUTHA/IBHUIL TIepe-
TBOPIOBaY, Jie 00p0o6/IA€ThCA 11 6e3APOTOBUMM IPUCTPOSMU
Hepefadi CUTHaJI MOTPAIULIE Ha TIePCOHANBHIIT KOMIT I0Tep,
Jie pe3y/IbTaT BIIPaBy MOJAETHCA Ha JVICIIIEN.

BucHoBKH. BukopucTanHsA po3po6IeHoro NpucTpoo
y HelarorivHOMY KOHTpPOJIi IIpolecy GisyHOTro BUXOBaHHA
3abe3Iedyye OTPMMaHH:A NOCTOBIpHUX 00’€KTUBHUX JaHUX
TeCTYBaHHsI 3 HE3HAYHOIO BTPATOIO Yacy 3a/yis 3abe3redeH-
HA AAKOCTi KOHTPOJIIO.

Knio4oBi cmoBa: KOHTpO/Ib, TECTYBaHH:, MOHITOPMHT,
MIBMAKICHI Ta CMJIOBI 3iOHOCTI, CEHCOPHMII IPUCTPIit.
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