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dyHKuUioHanbHa giarHOCTUKa CTaHy 340POB’A MOJIOAj 3a J0MOMOrolo eKcnpec-TecTy 3amipy
KPUTUYHOI YaCTOTU 3INTTH MepPEXTiHb
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Pe3iome. Y cTaTTi pO3rnsiHyTO HOBUI MPOrpaMHO-anapaTHUii KOMNEKC AN BUSHAYEHHSA BTOMM
NOOVHU, 9K1ii 3abe3nedye BUCOKY TOYHICTb i THYYKICTb NPOBEAEHHS AiarHOCTUYHOI onepadii. Lien
KOMMIEKC XapaKTepm3yETbCS 3PYHHICTIO Ta NPOCTOTOI0 Y BUKOPUCTAaHHI, MA€ MOXJIUBICTb ANCTaH-
LLIMHO 3MiHIOBATN YaCTOTHO-IMMNYJIbCHI Ta KOJIbOPO-CBIT/IOBI XapakTEPUCTMKW | CKNaJaeTbCs 3
MpOCTOi eNnekTPOHHOI 6a3n KOMMNOoHeHTIB. MeTa. CTBOPEHHS NporpamMHo-anapaTHOi cucTeMun ons
BU3HAYE€HHS PYHKLIOHANIBLHOIO CTaHy Ta BTOMU JilognHU. Metoau. AHania HaykOBO-MeTOANYHOI
niTepaTypu, TECTYBaHHS. Pe3ysibTati. 3anyyeHHs TEXHOOTIi MiKpOKOHTponepa 3 6e34p0TOBUM iH-
Tepdelicom 0O3BOJISIE 3HAYHO CNPOCTUTU KOMMNOHEHTHY 6a3y eNekTPOHHOT YaCTUHM PO3P06EHOrO
KOMMJIEKCY Ta PO3WNPUTU DYHKLIOHANBHICTb iIHCTPYMEHTY A9 AiarHOCTUKM BTOMMW MOAMHN. Buko-
pUCTaHHSA MOBINbHUX CMAPT-IHCTPYMEHTIB CNPUSIE BNIPOBAOXKEHHIO METOAY ANCTAHLINHOIo ynpas-
NiHHS Ta NAaBHOCTI PEryJsloBaHHA KIOYOBUX NapaMeTpiB AiarHOCTUYHOro npouecy. BctaHoBneHo,
LLLO BUMIPIOBaHHA TOYHOCTI 3p0OC0 Ha 67 % NOpiBHAHO 3 NonepeaHbo0 Moaennto. NponoHoBaHe
nporpamHe 3abe3neyeHHs pobuTb LIKO Npoueaypy AOCTYNHO Ta NPOCTO ANs 6inbLocTi onepa-
TOpIB AjarHOCTMKU. KoMnnekc ans BU3Ha4eHHs 30pOBOi BTOMU JIIOAVIHM NPOTECTOBAHO | PEKOMEH -
[0BaHO A1 MPOMMCIOBOro BNPOBaAKEHHS. 3asBieHe TEXHIYHE pilleHHs Moxe OyTn BUKOpUCTaHe
B rasily3i 6e3neku XUTTELISNIbHOCTI, BUPOOHNYOI caHiTapii, 30Kkpema B CUCTEMI BUSHAYEHHS PiBHS
BTOMMU MPOrpamicTie, ONepaTopis NepcoHasbHMX KOMM'IOTEPIB, AMCNAHCEPHOro CNOCTEePEXEHHS 3a
CTaHOM 30pY LLKONAPIB, CTYAEHTIB, CNOPTCMEHIB.

KniouoBi cnoa: nporpamMHo-anapaTtHnin KOMMNAEKC, EEKTPOHHO-KOMMOHEHTHA OCHOBA, Nporpam-
HUIN NPOAYKT, YacToTa NyfbCauil, MEPEXTIHHS.

Abstract. The article considers a new software and hardware complex for determining human
fatigue, which provides high accuracy and flexibility of diagnostic surgery. This complex is
characterized by convenience and ease of use, has the ability to remotely change the frequency-
pulse and color-light characteristics and consists of a simple electronic database of components.
Objective. Creating a software and hardware system to determine the human functional state

and fatigue. Methods. Analysis of scientific and methodological literature, testing. Results. The
involvement of microcontroller technology with a wireless interface can significantly simplify the
component base of the electronic part of the developed complex and expand the functionality of the
tool for diagnosing human fatigue. The use of mobile smart tools contributes to the introduction of
the method of remote control and smooth adjustment of the diagnostic process key parameters. It
was found that the measurement of accuracy increased by 67% compared to the previous model.
The proposed software makes this procedure accessible and easy for most diagnostic operators.
The complex for determining human visual fatigue has been tested and recommended for industrial
implementation. The claimed technical solution can be used in the field of life safety, industrial
sanitation, in particular in the system for determining the level of fatigue of programmers, personal
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computer operators, dispensary monitoring of the state of vision of schoolchildren, students,

athletes.

Keywords: software and hardware complex, electronic component base, software product,

pulsation frequency, flicker.

Introduction. The formation of the modern so-
ciety is marked by the rapid development of com-
munication technologies and information. They are
an integral part of the whole structure of society.
The stability of the operation of these technologies
largely determines the stability of its existence.
Their activity generates a significant for modernity
effect — the virtualization of social relations, which
takes place against the backdrop of the globaliza-
tion. An Integration of all mankind into a single
supersystem is carried out with the active use of
information and communication technologies. They
serve as a condition for the formation of a glo-
bal information civilization. Despite the fact that
technological forms accompany a person during all
stages of his evolution, they have become the sub-
ject of special theoretical research relatively recent.
From the standpoint of social and philosophical dis-
course, the phenomenon of technology began to
be conceptually considered from the middle of XX
century. Constructive understanding of technology
provides an active-communication approach which
is oriented towards interacting between man and
technology. This approach allows us to consider the
unity of the emerging socotran system, as it encom-
passes the dominant activity in their beginning, is
in the form of communication [1, 2]. Relying on the
indicated concept of the interaction of technology
and human, the science of human health is actively
developing with the dynamic development of scien-
tific and technological progress. The health of each
person is determined by the correlation of external
and internal influences on her body [3, 4]. In recent
years, the detioritation [5]. Automation of the edu-
cational process of higher educational institutions
of Ukraine is directly related to the introduction of
computer systems [6]. The volume of information is
growing at a fast rate. The problem of preservation
and purposeful formation of young people’s health
is extremely significant and relevant at this stage
of society’s development, since it is directly related
to the problem of security and independence. For
the present, the criterion of health is a certain level
of functional state, which characterise its reserve
capabilities and the quality of their regulation. The
urgency of the study is determined by the fact that
its evaluation is related not only to the ability of
a person to work, but also with such physiologi-
cal concepts as exhaustion, overstrain, tiredness,
fatigue and recovery of the body.

Related works. Numerous works in the area
of diagnostics of the functional state are known,
as well as a significant number of patents and
copyright certificates, which indicates a great in-
terest in this problem. The work of the scientists
Baevsky R. M., Berseneva A. P., Budchenko L. L.,
Garkav L. X., Gorodka M. A., Rayevskaya N. D.,
Danko Yu. l.,, Dembo A. I., Dibner R. D., Zabe-
lyn S. I, lvanovsky Yu. A., Ignatiev V. R., Jor-
dan X. A., Karpman V. D., Krasnovoy A. F., Kry-
achko I. A., Kuznetsova T. l.,, Logunova S. P,
Moshkova V. P., Muraveva A.V., Protasova A. .,
Stupniikogo Yu. A. and others are devoted to
solve the problems of determining the functional
state. A large number of methods for determining
the functional state and fatigue of a person are
considered in the domestic and foreign literature,
but the processes of adaptation to the load are not
sufficiently studied (if the individual characteristics
of a particular organism are taken into account)
taking into account the individual characteristics
of a particular organism. There is no simple and
obvious instrumental method of making a decision
about the moment of fatigue and fatigue. Actual
problem of the method of integral evaluation of
the functional state, easy to use and comfortable
for the subject. An analysis of literary sources has
shown that such a method can be called the method
of critical frequency of flicker merging (CFFM).
The development of devices for calculating CFFMs
that provide the required accuracy and accuracy of
measurements remains relevant in connection with
the choice to determine the functional state of the
CFFM method.

Purpose of the work. The purpose of the work
is to create a software-hardware complex to deter-
mine the fatigue of a person, which would ensure
high accuracy and flexibility of the diagnostic op-
eration to determine the functional state of a per-
son, characterized by convenience and simplicity
in its use, had the opportunity to remotely change
the frequency pulse and color-light characteristic,
consisted of a simple electronic component base.

The following tasks are set to achieve the goal:

1. To study the impact of health-saving tech-
nologies on the general condition of youth.

2. To analyze statistical data on the causes of
visual fatigue and its consequences.

3. To study the principles of the operation of
existing devices for the measurement of CFFM.
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4. To develop and put into exploitation an indi-
vidual software and hardware complex for measu-
ring visual fatigue.

Object of research: modern devices and soft-
ware complexes for the measurement of CFFM.

Subject of research: software and hardware
complex for determining the visual fatigue of a
person.

Material of research: scientific researches of
scientists, materials of conferences, personal data
of students. The chronological framework of the
study from the beginning of studying the fatique
by the athor covers the period from the beginning
of study by the author and the development of the
“Photospectrum-1" device (2011) [10, 11] to the
creation of a new hardware and software complex
(2018).

The following research methods were used to
achieve the set goal and to solve the specified
tasks, in particular: 1. Problem-chronological — to
establish the chronology of scientific study of fa-
tigue; 2. Sociological — to study medical and social
aspects of the spread of pathological changes on
the part of the autonomic nervous system among
young people; 3. Analytical — to determine the sci-
entific guidelines for the use of radioelectronics
and microelectronics in the measurement of CFFM;
4. Method of terminological analysis, which allowed
to ensure the disclosure of the essence of the phe-
nomena under investigation; 5. The method of sci-
entific extrapolation, which allowed to determine
the possibility of creating and using the device as
an optimal synthesis of theoretical and practical
knowledge; 6. Methods of multivariate statistical
analysis and forecasting — for data processing.

Scientific novelty and theoretical significance:
the basis of the useful model is the principle of
creating a software and hardware complex for de-
termining visual fatigue based on the indicators
of the critical frequency fusion blinks, which has
the ability to remotely change the frequency pulse
and color-light characteristics, consists of a simple
electronic component base.

Practical meaning. The declaired useful model
can be used in the sphere of human life safety,
industrial sanitation, particularly, in the system of
determining the level of fatigue of programmers,
operators of personal computers, regular medical
check-up of eyestate of health of pupils and stu-
dents.

A plan for our research and experimental study
was drawn up before proceeding with the task of
setting ourselves: 1. To study the influence of the
educational workload on the visual fatigue of youth
on literary sources; 2. To analyze statistical data
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on this issue in the Poltava region during the last
5 years; 3. To study the element base of the de-
vices for measuring the CFFM that are already in
operation; 4. To create a software and hardware
complex for measuring the CFFM and put it into
operation.

Personal Contribution by the Author. Directly
the author of this scientific work software and
hardware complex for measuring CFFM was de-
signed, as well as justified the theoretical and
practical expediency.

The ability to perceive the human eye of the
pulsating visible light radiation is the basis of the
work of the complex: at low frequency ripples the
eye takes a series of light flashes, and at high
frequency, the signal is perceived as equal to the
glow. The limiting value after which the eye ceases
to distinguish between flashing is set by adjusting
the frequency of the ripples. The value of the indi-
cations varies in one and the same subject during
the day due to the fatigue of the visual system,
which leads to a decrease in the result by several
units.

The objective is solved by the fact that in the
software and hardware complex, which includes
the power supply unit, a light emitter with discrete
sources of visible light with constant wavelengths
and the intensity of electromagnetic radiation, con-
tains a microcontroller with a built-in hardware and
software multichannel generator of discrete elec-
trical pulses, under the connected to a microcon-
troller a wireless Bluetooth interface module that
provides communication with a smart smartphone,
where a special light-box program is specified in
the special program shell, changing its frequency
and color-light characteristics, while the light emit-
ting diode itself is made in the form of a single-
housing multi-crystal LED three semiconductor
emitters of red, green and blue and blue.

As the basis of the hardware part, the Arduino
platform is chosen, the choice is conditioned by
the simplicity of hardware realisation and a a huge
amount of additional modules. Hardware blocks are
shown in Exhibit 1.

The work of the program part is depicted in the
form of UML diagrams in the drawings. Exhibit 2,
Exhibit 3. The software is implemented for the And-
roid platform. In the future, we are planning to im-
plement software for other platforms.

Software-hardware complex for determining the
fatigue of a person works as follows, the method
of work on the software and hardware complex is
protected by the Patent of Ukraine [7, 8].

Measuring the complex of the critical frequency
of twinkling is performed in such a consequence.



At the first stage of measurements,
the subject is presented with light
flashing with increasing frequency
until the determination of the su-
perconductive value. At the second
stage of measurements, the subject
is presented with light flashing, which

Exhibit 1 — Scheme of the hardware part:
1 — Lowering transformer; 2 — Diode Iz
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bridge; 3 — Integral DC voltage regulator;
4 — Microcontroller; 5 — Wireless
Bluetooth interface module; 6 — The light
emitter is made as a single-housing multi-
crystal LED with three semiconductor
emitters of red, green and blue and

decreasing to the specified threshold
value. At the third stage of the meas-
urements, the subject is presented
with light flashing with a frequency
equal to the arithmetic mean of the

blue colors; 7 — hardware-software 1z
multichannel generator of discrete Y
electric pulses; 8 — smart-means

;

frequencies recorded by him at the
first two stages of the measurement
by means of a sequential discrete in-

GHH & H .

3 r

crease or reduction of the frequency T

of light flashing, the actual value is

determined. Studies have shown that

the average value of the critical fre-

quency of visual flashing in healthy children aged 5
to 15 varies between 45 ... 55 Hz. The threshold of
perception of flashing below 26 ... 37 Hz testifies
to the pathology or the presence of overwork of
the body. Values can change in a person during the
day and the fatigue of the visual part leads to a
drop of a few units, which indicates the functional
state of the body as a whole.

Software-hardware complex for determining
the fatigue of a person in such a performance com-
pares favourably with the already known, because
it reduces the error caused by the influence of sub-
jective and objective factors and expands the func-
tional capabilities and scope of use.

Comparison of opportunities and analyzed the
disadvantages of the methods used to determine
the functional state and fatigue rights. For the di-

User

i
configuring

Frequency

configuring
Start

measuring

Stop measuring

Exhibit 2 — Case diagram precedent

Connecting via BT

6"&\\

1
B

7

agnosis of individual systems of the human body
a complex of methods for determining their state
is used as:

1) an integral assessment of the human func-
tional state of the CFFM;

2) the time of the sensorimotor reaction;

3) the temperature and electrical conductivity
of the skin.

And other parameters that will be laid by us in
the next software and hardware complex to deter-
mine the functional state of man.

UUID, BT-adapter, MA-arduino

Creating the

Sugges — list of
to turn on BT availability available
devices

BT Yes No
Yes @ ,/V
Yes

No

BT On?

| Connect to the device |

Connection successful

Yes

Color and frequency configuring |

v

| Launch measuring |

> O—] Y

Stop measuring |
Exhibit 3 — Activity and Status Chart

No |
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TABLE 1 — Mobile application parameters fixed on different models of smartphones

The name of the Android Number of The size of the at- The size of the application Using RAM
mobile device version RAM tachment to fit after placement 9
HTC Desire 820 6.0.1 2re 1MB 1,93 Mb 32 MB
Huawei HONOR 8 8.0.0 4rb 1MB 8,92 Mb 32 MB
Huawei HONOR 6 4.4.2 3rb 1Mb 5,76 Mb 32 MB

In view of all the above arguments for expedi-
ency and relevance of mobile control of the hu-
man’s functional state, we worked with the An-
droid platform, which allowed us to write a code
in Java abstracting from the core. And create a
mobile application to measure human fatigue based
on the CFFM. At work, we noted that this operat-
ing system has such advantages as: a framework
that has a wide set of APIs for the creatures of
various types of applications and enables the re-
use and replacement of components offered by the
platform and other applications. And also the pres-
ence of Dalvik virtual machine, which provides the
launch of applications. In addition, Android tools
include SQLite database, 2D and 3D graphics, Me-
dia Player, communications, exchange protocols
and various libraries.

Java Development Kit is a multiplatform inter-
active package developed for Java developers. The
kit consists of several components, such as the
java compiler, standard libraries, examples and
templates, as well as utilities required for work.
You need to install an IDE application that helps
programmers write code. This program provides

()
100 %

50
MEMORY

32M8

NETWORK
ans

’ _

a brief set of tools such as debuggers, compilers,
and more. Such integrated development environ-
ments are used by seasonal developers and nov-
ices who want to create an application.

There are many IDEs on the Internet, | recom-
mend using the free Eclipse software, due to the
fact that Google provides a plug-in to integrate it
with the Android SDK. When you download the
executable file, you must start the installation.
Android Software Development Kit consists of
documentation, utilities, a wide range of tools and
various examples. The SDK includes a debugger,
a memory and performance profile that is needed
to for detecting memory leaks and find inefficient
codes, device emulators, utilities needed to com-
municate with devices, and create packages. After
all the necessary applications and plug-ins have
been installed, the program code was written.
Upon completion of the program code develop-
ment and testing of the program on several mobile
phones, a table of basic parameters was compiled
(Table 1).

The results of mobile devices are shown in Ex-
hibits 4—7.

N/A

== Sending: 0 B/s == Receiving: 0 B/s

Exhibit 4 — Work on the HTC Desire 820 Exhibit

° L] L]
MainActivity - saved - stopped - destroyed

MEMORY
236 1B
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ENERGY
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Lighe

""“""llul [ ]| I— [ 11 PRS-
03.000 10000

None

Exhibit 5 — The work of the application on Huawei HONOR 8
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Exhibit 6 — The work of the application on Huawei HONOR 8
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Exhibit 7 — Work of processor in the exchange of data with the microcon-troller

Conclusions

The enlisting of microcontroller technology with a
wireless interface makes it possible to substantially
simplify the component base of the electronic part
of the developed complex and expand the functional
of the human fatigue diagnostic tool.

The mobilization of smart-tools facilitates the
introduction of a remote control method and the
smoothness of the control of the key parameters
of the diagnostic process.

The measurement accuracy increased by 67 %
compared to the previous model.
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