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The conceptual model of the information processing system for psychophysical and psychophysiological researches has been
developed. The hardware-software implementation of this system will allow us to diagnose a person's mental state on site or
remotely, to identify person's professional suitability, to measure psychophysiological and cognitive characteristics, to store and
process research information using the cloud service. The structure of the information processing system model is represented
by UML diagrams. The detailed plan of the information processing system realization is presented.
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PaspaboTana  KOHLENTyanbHass MoOJelNb  MHPOPMAIMOHHO-MU3MEPUTENIBHON  CHCTEMBI  JJI  NCUXO(QHM3UYECKHX M
NCUXO(U3UOIIOTMIECKHUX HCCIIEOBaHUH. ANIIIapaTHO-NPOrpaMMHas! peaiM3aliysl ITONH CHCTEMBI ITO3BOJIHT JIOKATBEHO U YIAICHHO
MPOBOJUTH IMArHOCTUKY HMCHXHYECKOTO COCTOSHMS YeJOBEKa, BBUIBIATE €€ NPO(ECCHOHAIBHOH NPHIOJHOCTH, M3MEpSTh
NCUXO(U3NOIIOTHYECKHEe W KOTHHTHBHBIE XapaKTEPUCTHKH, XPaHUTh W oOpabaTeiBaTh HMHQOpPMAIMIO 00 HCCICIOBaHUH,
UCHOJIb3Ys IIPEUMYIIECTBa 00J1a4HOro cepBuca. CTpyKTypa MoJenu HHPOPMALIMOHHO-U3MEPUTENBHON CHCTEMbl H300paXeHa ¢
nomompio quarpamm UML. [peacrasnen noapoOHbI MU1aH peaan3auul HHPOPMAIIHOHHO-U3MEPUTEIBHON CHCTEMBL.

Knwuesvie cnosa: ungopmayuonno-usmepumenvhas cucmema, UML  Ouacpamma, ncuxonoeuueckue ucciedosanus,
MUKPOKOHMPOJIIED, OUCIIAHYUOHHOE YRPAGLeHUE, 0OLAYHBIL CEPBUC, MODULHOE NPULONCEHUE.

PosrnsHyTo BaXIHMBICTh 3aCTOCYBaHHS CIIELiali30BaHIX IPOTrPaMHO-aapaTHUX KOMIUIEKCIB 3 0aTapesMu ICUXO0JiarHOCTUIHUAX
TECTIB AJIs MCHX0(i310JIOTIYHOTO Ta MCUXO0(I3NIHOro MOHITOpHHTY. OnHcaHo mpoOieMy HecTadl cydyacHHX iH(POpMAIiifHUX
TEXHOJIOTIH A MOOYJOBH CHCTEM SIKICHOI IICHXOIIarHOCTHKH, OCOONHMBO THX, IO JO3BOJISIIOTH TMPOBOAWTH AHMCTAHIIiITHE
oOctexeHnHs. JloBeneHa aKTyalbHICTh CTBOPEHHS 1H(QOPMAIiHO-BUMIPIOBAIBHOT CHUCTEMH, IO Ma€ CydacHi crocoOu
OTpHMaHHs, Nepenadi, 0OpoOku Ta 30eperkeHHs AaHuX. Po3poOieHo KoHIeNnTyansHy MoJeib iH(opMaliiHO-BUMIpIOBAIEHOT
cHCTeMH JUTsl NCHXo(i3ndHKX 1 IcuX0(i3ioI0riYHIX TOCHiKEeHb. ATapaTHO-IIporpaMHa peatizallis i€l CHCTeMHU J03BOJIUTH
JIOKJIBHO 1 BiJIaJICHO TIPOBOJIMTH JIarHOCTHKY IICUXIYHOTO CTaHy JIIONHH, BUSABIIATH ii podeciiiHy npuIaTHICTh, BUMIPIOBATH
ncuxo(izioNoriyHi Ta KOTHITHBHI XapaKTepUCTHKH, 30epiraTu Ta o0poOIsITH iHpOpMAILiFo PO TOCIiKEHHS, BAKOPUCTOBYIOUH
nepeBard XMapHOTO CepBiCy Ta MOOUTBHOTO HonaTtKy. CTpyKTypa Mozenm iHhopManiitHO-BIMipIOBaJIbHOI CHCTEMH 300paKeHa
3a pomomororo miarpam UML. CtpykTypHa Mozenb NMpencTaBiIcHa YOTHpMa OJoKamu: OJOKOM ympaBimiHHS (poOoye micie
eKcrepTa), 6JIOKOM TecTyBaHHA (poOoUe Micle JOCIiIKYBaHOT0), OJIOKOM OTpUMAaHHS 1 iepenadi TaHuX Ta 6JJOKOM 00poOKH Ta
30epexxenHs qanux. UML miarpamu BimoOpa)karoTh SIK CKIIa[ KOXKHOTO OJIOKY, Tak i CIIOCOOM B3a€MOJIiT MK KOMITOHEHTaMHU
cuctemu. [IpeacTaBieHuii netanbHUH IIaH peanizauii iHopmariliHO-BUMIipIOBanbHOT cucteMu. HaBeneHunit KOpOTKHil omuc:
criocoOy HanamTyBaHHs Ta 3’ eananus Wi-Fi moxymo ESP8266 i3 mikpokonTposniepom STM32F4, npuHuumnu poGoTH XMapHOTO
cepsicy ThingSpeak. Onucani ¢pyHKiii MOGLIBHOTO 101aTKy iH()OPMALIHHO-BUMIPIOBAIILHOT CUCTEMHU.

Knwwuosi cnosa: ingopmayitino-eumiprosarvna cucmema, UML diagpama, ncuxonoeiuni 0ocniodcenns, MIiKpOKOHmMpoaep,
oucmanyitine KepyeanHs, XMapHUil cepsic, MOOLTbHUL 000amoK.

Problem statement

Obtaining objective and reliable information on the professional suitability of the operator of complex
systems and processes as well as the actual functional and psychological state of the employees and their
ability to perform responsible or monotonous work is of high priority in the workplace safety and health
management. Being ready to rapidly take action on basis of that information is a prerequisite for the
effective management of the task assigned to the individual or executive team. The identification of the
individual characteristics of an employee’s job and the ability to assess the probability of an impending
event is the basis for the optimal distribution of staff in any team. The sources of such information are
specialized software-hardware complexes for psychophysiological monitoring by means of sets of
psychological tests [1 - 3].

The development of models, logical flowcharts, algorithms and computer programs for
psychophysiological research requires a detailed study of the psychological, physiological, and moral
aspects of the problem, as well as professional experience with information technologies, electronic
equipment and programming languages. Despite the growing need for such research and the relevance of
computer-assisted psychophysiological diagnostics, the present information processing systems are
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extremely insufficient, and their functionality is significantly limited. This is particularly true for systems
that allow remote monitoring. For example, remote monitoring of the psycho-emotional state of truck
drivers, diagnosing the functional state of athletes and military personnel determine their readiness to
perform complex and responsible work.

Therefore, the development of information processing systems for psychophysical and
psychophysiological studies that meet modern requirements is an urgent task [4, 5]. The urgency of
creating and using information systems in psychophysiological and psychological research is determined
by the fact that nowadays a person’s information load has considerably increased. As a result, stressful
situations, the need for ambiguous decisions, and the need to find solutions in an uncertain environment
are increasingly occurring. The active use of specialized software-hardware systems for psychophysical
training could contribute to the adaptation of human behavior in the context of information noise and
global digital transformation of society. Obviously, the citizens’ mental health depends on the
effectiveness of implementation and usage of such systems.

The Internet, modern information technologies and electronic environment offer new opportunities
for building more advanced psychodiagnostic systems.

The proposed development of a new generation of specialized information processing system is aimed
at fast and effective psychological support for decision-making, diagnostics and control (including remote
control) of psychophysiological state and cognitive abilities of a person.

Conceptual model of information processing system for psychophysical and psychophysiological
researches

The presented information processing system has the following features: it provides end-to-end
information support for psychological research at all stages of the information flow based on integrated
data presented in a unified form, information storage, visualization and data protection. The significant
advantages of the system are the usage of cloud services in the process of data collection and processing,
the ability to easily change and expand both the devices for the tests and the tests themselves, to work
with various network technologies, as well as to engage, by the mobile application, professional
psychologists and experts specializing in the subject areas.

In addition, the form and method of presenting information during the research process can be
adaptively reshaped in the system. Thus, the functionality of the system can be described by the following
levels: 1 - collection, registration and structuring of information, creation of information space; 2 - storage
and search of additional information, set up of information exchange; 3 - statistical analysis of data,
decision support and synthesis of test effects.

Let us consider the structure of the conceptual model of the information processing system, which is
represented as a UML diagram of components.

Fig. 1 shows the information processing system consisting of the following units: the control unit
(essentially, workplace expert), the testing unit (workplace investigated), the unit for receiving and
transmitting data, and the unit for processing and storage data.

‘ Information processing sysem g
- //' ) T
Control unit (workplace Testing unit (workplace Unit for receiving and Unit for processing and
expert) investigated) transmitting data storage data

Fig. 1. Information processing system for psychophysiological research

Fig. 2a is a diagram of the components of the control unit (workplace expert) consisting of a PC
communicating through the mobile application interface with the mobile application, and the testing unit
(workplace investigated) containing the diagnostic unit which feeds through the adapter from the 9 V
power supply unit (Fig. 2b).
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Fig. 3a presents a diagram of unit for receiving and transmitting data, comprising an STM32F4
microcontroller and an ESP8266 Wi-Fi module, that interact with each other through AT-commands, and
a router that is connected through TCP / IP communication protocols. In the absence of the Internet,
mobile communication or recording on a built-in fixed memory can be used with subsequent data
transmission to the cloud-based subsystem of reception, processing and storage.

The unit for processing and storage data, presented in Fig. 3b, consists of a database management
system (DBMS), the database itself, and a ThingSpeak cloud server.

Control unit (workplace expert) Testing unit {(workplace investigated)

PC
Diagnostic unit
Adapter
lobile application interface
Power supply unit 9V

Mobile application

a) b)
Fig. 2 UML diagrams of the control unit (a) and the testing unit (b)

Linit for recelving and transmitting data Unit for processing and storage data

g Microcontroller STM32F4

. =
|

AT-commantds

ESPB266

TCRIP Databasa inlerfacﬁ
|

Router ThingSpeak cloud server

a) b)
Fig. 3. UML Diagrams of the Unit for Receiving and Transmitting Data (a) and the Unit for Processing and
Storage Data (b)

Database

Fig. 4 shows the general structure of the conceptual model of the information processing system for
psychophysiological research. The developed model describes the processing and analyzing data
remotely in real time. The general structure presents not only all the components, but the functional
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connections between the components as well: the mobile application and the ThingSpeak cloud server
interact through the ThingSpeak interface, and the mobile application and the DBMS interact through the
DBMS interface respectively. Data transmission between the router and the ThingSpeak cloud server is
possible within HTTP requests. The connection of the diagnostic unit to the STM32F4 microcontroller
and its efficient functioning are possible due to the IDE libraries included in the basic STM32F4.

v

Information processing system

Control unit (workplace expert) Unit for processing and storage data
DEME interface
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Fig 4. UML diagram "Conceptual model and hardware-software implementation of information processing
system for psychophysiological researches"
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System model implementation

The steps planned for the system model implementation are:
. Installation and testing of the diagnostic unit

. Installation, configuration, connection and testing of ESP-8266
. Configuration of the ThingSpeak Status Channel

. Install ThingSpeak code on STM32F4

. Database development

. Development of Android application

. Installation and configuration of external devices

. Configuration of the ThingSpeak Actuators channels

. Configuration of the STM32F4 with external devices

10. Testing Android application with sensor status check

11. General testing of the hardware-software complex.

To connect sensors it is necessary to use certain libraries native to STM32 IDE. These libraries make
it possible to initiate sensors, obtain sensor readings and display them on the monitor screen.

The use of ESP8266-12 requires the usage of AT-commands (the module includes an AT-commands
processor). To connect the module and adjust the rate of data transfer, it is necessary to connect STM32F4
to the PC, use empty code and AT commands in the open IDE. The final connection to the already
configured ESP8266-12 includes the following connections:

« ESP-12 RXD --> STM32F4 PIN PD6

« ESP-12 TXD --> STM32F4 PIN PD4

* ESP-12 Ch-Pd (En) --> Vcc (3.3V)

* ESP-12 Reset --> STM32F4 Pin PB5

* ESP-12 Vcc (Red) --> 3.3V

« ESP-12 Gnd (Black) --> STM32F4 PIN PC15

The next step after installing the sensors and connecting the ESP-8266 is to configure the process of
transmitting information from the sensors to the cloud service. ThingSpeak's cloud service allows
collecting information from the sensors, as well as processing and analyzing it. After registration on
Thingspeak, channels responsible for collecting sensor data (keyboards) and controlling actuators (visual
stimulus unit) through the mobile application are created. HTTP requests are required to transmit data to
the cloud. For example, to record data in the Status Channel fields (at a frequency of 1 every 15 seconds),
it is necessary to submit an HTTP GET request.
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Fig. 5 Current layout of the subsystem for receiving and transmitting data for remote monitoring.
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The mobile application of the hardware-software complex allows not only remote controlling of the
executive devices (turn on, turn off, select the mode of the methodology) and viewing the information
received from the sensors through the cloud server Thingspeak, but also drawing the initial and final
expert conclusions on the diagnostics of the investigated personnel and storing them in the database. A
significant advantage of the ThingSpeak cloud is the availability of a powerful suite of applications for
solving scientific and technical computing problems (MatLab) which can perform all necessary data
operations [6,7].

The structural and functional organization of the current layout of the subsystem of receiving and
transmitting data for remote monitoring of psycho-emotional state is shown in Fig. 5. The subsystem
layout is made on the basis of the STM32F4 Discovery microcontroller board. The board is connected to
one of the information-executive modules of the psychodiagnostic system (described in [8]), the Wi-Fi
module ESP8266-12 and the power adapter.

Conclusions

The conceptual model of the information processing system for studying of psychophysical and
psychophysiological patterns of sensory processes of a person is presented in the article. The model is a
framework of functional blocks, the inputs and outputs of which are connected through the appropriate
interfaces. It is presented as UML diagrams of general structure and detailed diagrams of system
components. Such presentation made it possible to qualitatively and clearly visualize the structure and
describe the system operation principles. Building a conceptual model greatly simplifies the next stages
of designing an information processing system. The basic stages of implementation have been developed
and described on the basis of the model of real information processing system with the possibility of both
local and remote research of psychophysical and psychophysiological functions.
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