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[JIaJIKOH), YTO MO3BOJISIET UCIIOIB30BaTh JETalb BTO-
PUYHOMN ONTUKU KaK KPBIIIKY, 3aMIUIIAIONIYI0 UCTOY-
HUK CBETa OT 3arpsi3HEHUN M JIPYTrUX BO3JIEUCTBHUI
OKpyXatomei cpempl. Takum oOpaszom, neraiu
BTOPUYHOM  ONTHUKM C  TJaJAKOM  BHENIHEH
MTOBEPXHOCTHIO XOPOIIO MOIXOMAT ISl IPUMEHCHHUS
B MOAYJISIX HECMEHHBIX HCTOYHHKOB CBETAa, KOTOPHIC
KpOME HCTOYHHKA CBETa COAEP)KAT emle M CXeMy
MUTaHUs,, KOTOPYI0 MOXXHO TakKe pa3MeCTUTh B

MIPOCTPAHCTBE noj netanbto.Mcnonb3yst
MOIUGUIMPOBAHHBIA ~ METOJ  HAKOMUTEIHLHOTO
CYMMHPOBAHUS CBETOBBIX MIOTOKOB, ObLIa

ompejeneHa  Teoperuueckas  ¢Gopma  AeTaiH
BTOPUYHOW ONTHKH JJIsl PeaM3aliy pacipeaeICHuUs
CUIIBl  cBeTa  crom-curHana.  KommbroTepHoe
MOJICTMPOBaHKE PabOThI IAHHOM IeTalu BTOPUIHOM
OMNTHKH C UCTOYHHUKAMHU CBETa PA3IMYHBIX PA3MEPOB
MOKa3ano, 4YTO JaXke B Cilydyae MPUMEHEHHS
HCTOYHHMKA CBeTa OOJBIIErO  pa3Mepa, ueM
pacyeTHbIf, OpPU 3aJAHHOM CBETOBOM IIOTOKE
WCTOYHHMKa CBETa JAeTallb IPOJOJDKAET CO3/1aBaTh
pacripeielieHle CUJIbl  CBETa, YAOBJIETBOPSIOILEE
KpUTEPHsIM COOTBETCTBYIOIIEro cranaaprta ([IpaBuna
EOQK OOH Ne7), uto oTpaskeHO Ha pUCYHKE 1.
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Pucynok 1 — Kpussie cuibl ceera (KCC) 111 HCTOUHUKOB
PAa3IMYHOrO pazMep
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HARDWARE AND SOFTWARE FOR REMOTE CONTROL AND MONITORING
OF LABORATORY STAND FOR THE OPERATION RESEARCH OF SOLAR PANELS

Slabinoha M.O., Klochko N.B., Kuchirka Y.M.

Ivano-Frankivsk national technical university of oil and gas, lvano-Frankivsk, Ukraine

Modern trends in higher education promote the
widespread use of distance learning methods for both:
students of external education and for self-studying of
full-time students. Undoubtedly, the use of such tools
and techniques makes it easier for students to access
educational materials. However, for many specialties
that have their own learning process specifics this
way of presenting information, demos and handouts
creates a number of limitations. In particular, for
students of technical specialties it is very important to
work with real stands during laboratory works.
Therefore, the problem is to develop laboratory
facilities that allow remote experiments to be done by
managing and monitoring the results of experiments
using network technologies, especially the Internet.

The prototype of the laboratory stand on the
research of solar panels work was developed at the
department of information and  measuring
technologies of the Ivano-Frankivsk National
Technical University of Oil and Gas. Photo of the
prototype is shown in Fig. 1.

The prototype consists of a solar panel mounted
on a rack, positioned in the horizontal and vertical
plane by two servo-drives SG-90. Servo drives are
controlled by Arduino UNO microprocessor board.
The solar panel output contacts are connected to the
relay, which feeds the current panel to the input of one

390

of the two ADG620 operational amplifiers. This
operation is repeated every three seconds. The first
amplifier is used to stabilize the voltage generated by
the panel. The second amplifier is used to amplify the
voltage falling on the resistor of a given resistance
value (in this case, 10 kOhm). The signals from the
outputs of both operational amplifiers are fed to the
Arduino UNO board's analog inputs. Thus, the
voltage and current strength produced by the panel
are obtained with the Arduino Uno.

Figure 1 - Prototype of a laboratory stand for the operation
research of solar panels

In addition to the data on the produced voltage and
current at Arduino UNO, the DHT-11 sensor receives
information about the temperature and humidity of
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the indoor environment. The data is obtained from
microprocessor board to operator’s PC through a
serial interface, the physical connection of which is
provided by a USB cable [1].

To provide remote control of the prototype of the
laboratory stand, there was decided to implement a
computer system, the scheme of which is given in
Fig. 2.

In this implementation, unlike the previously
developed, where we used PC, we can use a pre-
configured system unit with Internet access and SSH
access without standard 1/0 devices. This means that
the given node in the scheme can even be
implemented on a single-board computer such as
Raspberry Pi. The main requirements for the node are
the ability to connect to the network, two USB ports
for connecting microprocessor boards, and installed
Python programming language interpreter, which
implements the software of the given node.

Laboratary
stand —1 PC

I

POSTIGET
AP

I

DATABASE

WEB
INTERFACE

Figure 2 — Scheme of the computer system which provides remote
control and monitoring of laboratory stand

The developed software consists of two
independent scripts. The first script establishes a
connection to the microprocessor board that controls
the positioning of the solar panel. After that the script
repeatedly sends a GET request to the specified web
address in order to get the current position of the
panel, specified by the user. If there is a need the
control panel can change the position of the panel
through the Arduino UNO. The second script
connects PC to the second microprocessor board,
repeatedly getting through the serial interface the
values of the measured parameters: voltage, current
strength, temperature and humidity. The next step is
to send a generated POST request with the parameter
values to the specified web address.

The data receiving is designed using a developed
APl which is implemented in the PHP server
language and allows you to perform the following
operations:

— getting the last values of each parameter;

— obtaining arrays of values of each parameter
for graphs drawing;

— getting the current position of the panel
specified by the user;

— obtaining free time for sessions to work with
the laboratory stand (in order to prevent the
simultaneous control of the laboratory stand by two
users);

— sending parameter values;

— setting up the current position of the panel;

— booking of the session time for the laboratory
stand control;

— authorization in the system;

— logout of the system.

Each transaction is implemented in a separate file,
which is executed using POST/GET requests. In
addition, to monitor the server status and receive a
response about the operation success, each file
generates a JSON response in a regulated format that
contains information about the status of the request
execution, the description of the error, and the service
data to transmit.

The database for maintaining the progress and
results of experiments with laboratory stand is
implemented using MySQL and contains the
following tables showing the information about:

— parameters - the values of the parameters and
the time when they were received;

— position - the values of the vertical and
horizontal angles of the solar panel positioning and
the time it was set;

— sensor - data about the sensors which are used
for measurements and models of those sensors;

— sessions - data about user sessions with a
laboratory stand,;

— tokens - unique identifiers given to the user for
a the session time and are provided as one of the
parameters for the user's requests;

— users - login credentials for users
authorization.

The Web interface for monitoring parameter
values and control of the position of the solar panel is
implemented with the HTML markup language and
JavaScript programming language using the
Bootstrap, jQuery technologies and Plotly library, in
particular, to display graphs. Usage of these
technologies makes the web interface cross-platform
and adaptive to the screen of any device.

Fig. 3 shows the view of the monitoring page that
was developed.

Thus, there was developed the computer system
which allows to control and monitor the laboratory
stand prototype for operation research of solar panels.
It makes possible to remotely perform laboratory
work by students of full-time and distance forms of
learning. Developed hardware and software are
included as the lab work for “Telemetry and data
transfer basics” subject.
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Figure 3 — Web interface for monitoring and control of solar
panel positioning
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PA3PABOTKA METOJMKH 3AIAHUS BEPOATHOCTHO-BPEMEHHBIX XAPAKTEPUCTHK
KOMILJIEKCA JIABEPHOHU CTUMYJISAIIUN OPTAHU3MA

Ycoabues A.B.
Hborcesckuii cocyoapcmeennulii mexuuueckuii yHueepcumem umenu M.T. Kanawnukosa
Horcesck, Poccutickas @edepayus

bonee Tpuamatu jgeT B MEAMIIMHCKOW MPaKTHUKE
Uil obOecrieyMBaeTcsi pocra  TPEHHUPOBAHHOCTH
croprcMeHa, — NpoQWIaKTHKa  HepeyTOMIICHUS,
HepeHanpsKEHUs, TpaBM " 3a0oseBaHuH
NPUMEHSIOTCS. ~ HU3KOOHEPreTHYECKHEe  JIa3epHbIe
TEepaNeBTUUECKUE anmnaparsl [1, 2]..
TepaneBtnueckass  3(QGEKTHBHOCTH  Ja3€pPHOTO
M3Iy4deHUsT Ype3BbYaiHo 3¢ dektuBHa. «JlazepHoe
H3ITy9ICHUE obecrieunBaeT Oecriperie IeHTHBIT
obez0onmBaronii  3pPekT TpH  OCTPEIX W
XPOHMYECKHX 3a00I€BaHMAX, a TAK)KE CIIOCOOCTBYET
CKOpEWIIeMy BOCCTaHOBICHUIO IIOCIIE TpPaBM BO
BpeMsl HAaNpsDKEHHOTO Ce30Ha», — ToBopuT Kpuce
Kunrcim — rnaBHBI TpeHep 1o (GU3NOATrOTOBKE
«Jloc-Anmpxenec  Kunrcy, obmamarens KyoOka
Crennu-2012.

IIpogomKUTETBHOCTh TEPHOJOB  HAMOOJBIIEH
CHOPTHBHOM AaKTMBHOCTH CIIOPTCMEHa M Clajaa
CIIOPTHBHOM pabOTOCIIOCOOHOCTH, B 00IIEeM cirydae,
UMEIOT CIIydaWHBIH Xapakrep, TIpadudecku 310
MOXKHO IIPEJICTaBUTh CIIEIYIOIINM 00pa3oM, PUCYHOK
1, rne t — Tekymee Bpems, to — Bpems Hauana
HaOTIOZICHUH, WM BpPeMsI OKOHYaHHMS MPEIBIAYIIETO
HaOmoneHus1, T, — BpeMs HaOItOIeHUS, tf — BpeMst
IO TOSIBICHHS TEpBOTO  CMaja  CIHOPTUBHOM
aKTUBHOCTH (CllydaiiHasi BelM4WHa), tf — Bpems
MPUMEHEHNSI  HHU3KO3HEPTeTHUECKOTO  Ja3€pHOTO
W3Iy4eHHS] Uil BOCCTAHOBJICHHS M IIOBBIIMICHHA
CIIOPTHBHOW  paborocmocobHOCTH  (CitydaiiHas
BEJINYNHA), AHAIOTHYHO A BTOPOTO U TPETHETO
ciydast, t]" — BpeMsl 10 Havasia IPOBEACHHUS [IEPBOTO
COpPECBHOBaHMS 3a BpeMsi HaOmMoneHUs (0OBIYHO
JIETEPMUHMAPOBAHHAS ~ BEJINYHHA), t!  —spems
MPOBEJCHUSI TIEPBOTO COPEBHOBAHUSI 33 BpEMs
HaOo1eHs (0OOBIYHO TTOCTOSIHHAS BETMYMHA).

G li‘

Pucynok 1 — BpeMeHHBIE XapaKTEepUCTHKH

ITpu nasepHoit Teparuyt MHOTUMH aBTOPaMHU OTMEYa-
IOTCS IECCHCHOMITIBUPYIOIIHH, THIIOXOJIECTepUHEMIYE-
ckuii (G QEKThI, TOBBINICHHE AKTHBHOCTH OOLIMX |
MECTHBIX (haKTOPOB IMMYHHOM 3aITUTHL. B 3aBrciMocTi
OT JUTMHBI BOJHBI JIA3€PHOTO OOJYYCHHS MOSBISIOTCS
OaKTepHIMIHBIN WIN OaKTepHOCTaTHICCKUNA (PHEKTHL.
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OCHOBOIT MeXaHI3Ma B3aUMOJICHCTBIS HU3KOPHEPTeTH-
YECKOro JIa3epHOT0 M3NIYYeHHsT C OHOOOBEKTOM
SBISIOTCSL  (hoTodruyeckne ¥ (POTOXUMHUECKHUE
pEaKIy, CBS3aHHBIC C PE30HAHCHBIM IOTJIOIICHHEM
TKaHIMH cBera u HapyILeHAEM CI1adbIX
MEXMOJIEKYJSIDHBIX CBsI3e, a Takke BOCHPHATHE W
nepeHoc 3GQeKTa J1a3epHOro OOIYYCHHUS IKUIKUMU
CpeaMe OpraHu3Ma.

Jlaxxe Tmpum HA3HAYCHWM MUHUMAIBHBIX 103
JIa3epHOTO BO3NCHCTBHS, HAa TMPAKTHKE, BO BpeMs
JIedeHWsT 4YacTo Habmromaercss obocTpeHue Ooe3HH:
Yaire ycuiieHre 00JIeBOT0 CHHAPOMA, MHOT/IA TIOSIBJICHHE
TOJIOBOKPY’KEHHSI, TOJIOBHOH OOJIH, IICHXOJIOTHIECKOTO
JmckoMdopra. B MemuImHCKol iMTeparype paziiyaror
HEpPBHMYHOE O0OCTPEHHE, BO3HMKAIOIEE NPU MEPBBIX
ceaHcax JIa3epoTeparum, 1 BIOPUYHOE — BOZHUKAIOIIEE
nocsie 3-6 ceaHca Jla3epHOro Bo3aeicTBUs. MexaHusm
MIEPBHYHOTO O0OCTpEHHsT HE packKpwIT. Bropnunoe
obocTpenne BO3HHKAET m3-3a HCTOICHUS
AQHTHOKCHIAHTHON 3aIIUTHI 60IEHOTO pu
TIePEI03UPOBKE JIA3EPHOTO M3ITYUCHH.

O6pamaer Ha cebd BHUMaHWE IIHPOKAs
BapHa0eNbHOCTh HCXOAHBIX MmapameTpoB. [lpm
HEW3MEHHON H03€ MOKHO OOJBIION MOIIMHOCTBIO
BO3/IEICTBOBATH 32 KOPOTKUH IPOMEXYTOK BPEMEHH
u, Hao0OpOT, JUIMTENbHOE BpeMs OoOIydaTb Majou
MOILIHOCTBIO. Hcexons u3 BO3MOKHOCTEH
anmapaTypbl, OCTPOTHI 3a00JeBaHMs, COCTOSHHSA
MalMeHTa, JaHHBIX JIMTepaTypbl, COOCTBEHHOTO
ompiTa W T. . NPUHUMAETCS pEIICHHE B IOJB3Y
KOHKPETHBIX  XapaKTEePUCTHK IPOCTPaHCTBEHHO-
BPEMEHHBIX ITAPaMETPOB BO3CHCTBUSI.

Ipu pacdere M036I HEOOXOAUMO YYUTHIBATH, UTO
npuomiurensHo  50%  sHeprum  oTpasuTcs  OT
MOBEPXHOCTH KOkH. KoadrmeHT oTpakeHNs Koxei
ANEKTPOMATHUTHBIX BOJH OITHYECKOTO —JHAra3oHa
nocturaet 43-55% ¥ 3aBUCHT OT Pa3NUYHBIX MPUYHH:
OXJIQK/ICHUE Y4acTKa BO3/ICHCTBUSI CHU)KAaeT 3HAuCHHE
kod(hurmenra orpaxxenus Ha 10-15%; y >keHIIMH OH Ha
5-7% BHIIIIE, YeM Y MYXKUHH; Y JIUL cTapie 60 JieT Hike,
YeM y MOJIOZIBIX; YBEJIMUEHHE YIJIa MAJICHHs Jyda BEJIeT
K BO3pAcTaHHIO KOI((PHIMEHTa OTPAKCHUSI BO MHOI'O
pa3. CymecTBeHHOe BIHMSHHE Ha KOA((HICHT
OTpaKEHHSI OKAa3bIBACT IBET KOXKHBIX IMOKPOBOB: YeM
TeMHee KO)Ka, TeM STOT MapameTp Hwke. Tak, it
IIMTMEHTHPOBAHHBIX y9acTKOB OH MeHbIe Ha 6-8 %.
[Ipy BHYTPUNOJOCTHOH M KOHTAKTHO-3€pPKaIbHOMI
METOIMKAX MPAKTHYCCKA BCS TMOABOAMMAS MOIIHOCTH
TIOTJIONIAETCSl B 00bEME TKAaHH B 30HE BO3IICHCTBUSL.





