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BeiBoabl M mepcneKTUBBI HccaegoBanuii. Ha
OCHOBaHHU HCCIIEIOBaHUH aBTOpa pa3paboTaHBbI U pac-
CUHTaHbI Pa3]IMYHbIE JMHAMUYECKUE CXEMBI AJIS BapH-
AHTOB TOJBECHBIX M KOHCOJBHBIX cOOpyxeHuid. Ha
IpuUMepe KOHCTPYKIMH BOJOHAIOPHOW OAaIlHU IOKa-
3aHO, YTO MOJBECHOE COOPYKCHHE OKa3bIBacTCs 3(-
(exTHBHEE COOpPYKEHHUs, pabOTAIOIIETo M0 TPaIUlH-
OHHOM KOHCOJIbHOM cxeMe. [Toka3aHo, 4ToO Ha TUHAMU-
4ecKHe YCWINS OKa3bIBalOT CYIECTBEHHOE BIMSHUE
JKECTKOCTh HECYIEro Kapkaca B TOPH30HTaJIbHOM
HaNpaBJI€HUH, JUINHA HUTH NO/BECa, a TaKXKe aMILIU-
TyJla ¥ 4acToTa KoJieOaHHs OCHOBAaHUSI.

HccrenoBanus moxasany BechbMa Maiyio 3¢dex-
THUBHOCTb BapHaHTa COOPYKEHHS C ITOJIBECHBIM (DyHa-
MEHTOM, T.K. JHHAMHYECKHE YCHIHS B €r0 HECYIIHX
3JIEMEHTaX OKa3bIBAIOTCS] 3HAUNTEIHHO OOJIBIIUMH KaK
YCHIIMH B MOJABECHOM BapUaHTE, TaK M YCHIIUI B KOH-
COJIBHOM (TPaANIIMOHHOM) BapHaHTe.

B nepcnexTuBe mIaHUpyeTCs JalbHeHIee coBep-
MMEHCTBOBAHNEC KOHCTPYKI MU IMMOABECHBIX 3):[3HHI>1 " Co-
OpPY>KECHHUU C LEJIbI0 YMEHBIICHUS NIEPEMEILIEHUN N10JI-
BECHOTO COOPY)XEHHs TPH KoJIcOaHHWSAX 3eMHOI mo-
BEPXHOCTH.
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ABSTRACT

Microprocessor control system, based on mathematical optimization model, applying fuzzy sets tools was

developed. Microprocessor optimization system is provided to combine intelligent control unit, operator work-
station, local meteostation and smart grid invertor. Data exchange was carried out by the standard protocols and
data transfer interfaces. Intelligent control unit is suggested to realize on the base of the microcontroller PIC32MZ,
manufactured by microchip company, on the base of the core MIPS microAptiv UP. The concept of control is the
following: intelligent unit colects the information from the local meteostation, regarding the temperature, amount
of solar radiation and air humidity. From the Smart grid the intelligent unit obtains the data concerning the voltage
level. As a result of processing the obtained information control unit sends the control signal to the inverter of the
photovoltaic power plant and sends the necessary information to the operator workstation.

The paper contains the developed circuit diagram and element base, the algorithm of he intelligent unit of
microprocessor optimization system operation according to mathematical optimization model, using fuzzy sets
tool. As the system is realized on modern element base, this enables to integrate it easily in the existing control
systems of photovoltaic power plants and Smart grid systems. The application of the proposed system will enable
to improve the efficiency of electric energy transmission by the photovoltaic power plants in the grid and will
provide the maintaining of the balance stability of energy system.

Keywords: microprocessor control system, photovoltaic power plant, algorithm, mathematical optimization
model.

Problem set up
The growth of specific consumption per person,
originated energy deficit inclusive, in it’s turn, this re-
sulted to the increase of loading on electric grids, stim-
ulates the increase of generation capacifies, in particu-
lar, rapid development of renewable sources of energy,

both in the world and in Ukraine although the require-
ments to the grids continue to grow, there are no phys-
ical and financial resources.

On the contrary, the budgets became more rigid
and norms and social problems limit the range of the
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real variants. Nevertheless, the quality of electric en-
ergy must improve and the grids must be adjusted ac-
cording to new requirements, caused by the growth of
the decentralized generation and more complex loading
control. When referring to the transmission of the alter-
nating current, the emphasis is made on the stability of
the grid at all the levels of the voltage.

Taking into account that RSE, in particular, pho-
tovoltaic power plants, are characterized by the non-
stability of the generation power(daily, meteorological,
etc), distribution by electrical grids and other character-
istics, which do not allow to integrate these sources in
the existing grids without certain changes in the organ-
ization and maintenance of energy facilities, the prob-
lem of optimization of their operation as a result of im-
plementation of intelligent control technologies.

Analysis of the previous research

In [1, p. 108] the author proposed the micropro-
cessor — based device of the control system of the net-
work multilevel voltage inverter with the account of the
limitation of the transformer magnetizing current. Also,
as the author states, the control system takes into con-
sideration the level of insolation and the temperature of
the working surface of the solar module. Algorithm of
microprocessor device operation was suggested but the
author did not consider the operation of the device in
the system in general. The operation of a separate unit,
that operates without the connection of the solar plant
with electric grid, where, as it is known, the general
concept of the control via smart grids and dispatching
systems ACKOE are realized, it is basically important
for creation of the similar devices. In the process of the
device realization it is not sufficient to take into account
only the temperature and insolation of the solar module.
Such problem needs complex consideration taking into
consideration a number of climatic factors and param-
eters, influencing the efficiency of photo panels of the
power plant on the whole. It is worth mentioning that
such parameters as the air temperature and insolation in
the similar systems are expressed implicitly, that is
why, their processing must be performed in accordance
with other approaches and algorithms, which will take
into account the above-mentioned. In [2, p. 72] the con-
trol system of the solar modules converters on the base
of the invertor with PWM is suggested. The authors de-
scribe the realization of the device for monitoring of the
maximum power point on the base of the method of
growing conductivity, is suggested. The paper consid-

ers the functional structure of the device and the algo-
rithm of its operation, but taking into account the fact
that the device is realized on the base of the analog el-
ements, makes it less flexible for the adjustment and in-
tegration in the existing control systems of the inverter
and solar power plant on the whole. Considerable
amount of the research is devoted to the development
of the methods of maximum power point monitoring [3,
p.3, 4, p.1789, 5, p.2007, 6, p.62, 7, p.1458]. Such
methods, using microprocessors with the correspond-
ing algorithms, are characterized by the flexibility and
compatibility with various photoelectric arrays. Alt-
hough the efficiency of the proposed algorithms is ra-
ther high, it considerably decreases in rase of rapidly
changing atmospheric conditions [8, p. 110].

Aim of the research
The aim of the research is the enhancement of the
efficiency of photovoltaic power plants usage at the ex-
pense of realization of microprocessor-based control
system on the base of mathematical optimization model
using fuzzy sets tools.

Materials of the research

The development of microprocessor engineering
created the possibility for using fuzzy logic in the prob-
lems of determination of the solar module maximum
power takeoff point [9, p.1124, 10, p.965, 11, p.169, 12,
p.175, 13, p.1148]. Fuzzy logic controllers have the ad-
vantages of operating with fuzzy processes, which re-
quire exact mathematical model and processing and
which are characterized by their nonlinearity. In [14,
p.30] mathematical model of electric energy transfer
process in the grid by solar photovoltaic power plants
optimization is suggested.

According to the optimization criterion of the pro-
vision of maximum electric energy supply by the con-
trolled sources (1), fuzzy logic equations of the model
of weight coefficient determining were formulated on
the base of the linguistic assessment (2).

ju(t)k . Z P.(t)dt - max,
i=1
f @

where [to; t] — time interval, u(t) — multislage tar-
iff of the energy market; k., —coefficient, that takes into
account the decrease of the profit for RES at the ex-
pense of compensation of transportation losses in the
grids, n — number of the controlled RES, P;(t) — power
of the controlled energy sources.
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The suggested mathematical optimization model
of electric energy transmission in the grid by the solar
photovoltaic power plants, using fuzzy logic tools ena-

P ) =1 () () () - pP (x ) - 1 (x5) - 1P (x4 ) v
(MC(Xl)'MH(Xz)'HH(X3)‘HB(X4)'MB(X5)'HB(X6))V
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(17 ) 17 () 1 (x3) -1 (%) 1 (x5) - 1 (X)),

w2 () =0 ) 1P )1 0c) - ) -1 (x5) -1 (k) v
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bles to take into account climatic conditions that is de-
cisive in the process of energy generation, especially in
case of rapidly changing weather conditions.

Structural diagram of the system of regulation of

energy transfer in the grid is shown in Fig 1.

PV

:: > PV GRID INTERTER :> GRID

s

LOCAL

| INTELLIGENT OPERATOR
Vﬁﬂrgﬁ ::> CONTROL <:::> WORKSTATION <:::> SMART GRID

UNIT

Fig 1 — Structural diagram of the regulation system of energy transmission in the grid

Structural diagram of the intelligent control unit is

shown in Fig 2.
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Industrial
Ethernet network
vy
PIC32MZ

Fig 2 — Structural diagram of the intelligent control unit

C1 — sensor for measurement of the relative hu-
midity, C2 — sensor for measurement of the intensity of
solar radiation, C3 — sensor for measurement of the am-
bient temperature, C4 — sensor for measurement of the
voltage level at the buses of photovoltaic power plant,
MCU PIC32MZ — microcontroller, Industrial Ethernet
network.

Intelligent control unit is build on the base of Mi-
crochip company microcontroller PIC32MZ, on the
base of the core MIPS microAptiv UP [15, p.24].

Taking into account the fact, that not all meteodata
can be obtained with the preset frequency of updating
from Smart Grid system [16, p.28], the realization of
the intelligent control unit provides the installation of
the sensor of temperature, humidity, solar radiation and
voltage on place. Duration of the light day and solar el-
evation angle is proposed to determine by means of real
e

e

time click of the microcontroller and it’s synchroniza-
tion with Ethernet network. Dust content of photo pan-
els is suggested to determine, proceeding from the con-
siderations that the voltage in d.c. circuit decreased, alt-
hough the ratio of all the climatic parameters remains
constant. Also it is provided to use in the circuit the sen-
sors of grid voltage and d. c. circuit of the grid inverter.
As a result of the calculation of the regulation factor by
the fuzzy algorithm the signal is sent vin the industrial
network Ethernet to the grid inverter, which supports
the standard interface and data exchange protocol, the
information, concerning the collected meteo data and
the level of dust content is sent to the operator work
station. And is shown in dispatching systems and sys-
tems of the automation of technological process.

As a result electrical diagram of the intelligent
control unit was developed, it is shown in Fig 3.

B
{Ebrany R

Fig 3 — Electrical diagram of the intelligent control unit
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As the temperature sensor digital sensor DS18B20
of Texas Instruments with the conversion factor 9-12
digits and alarm signal of temperature control function
was chosen. Sensor DS18B20 exchanges data with the
microcontroller by a single wire communication line,
without using the external source. Range of the temper-
ature measurement is -55 + 125° C. For the range of -
10 to +85° C the error does not exceed 0,5° C. In each
microcircuit of DS18B20 there is a unique serial code,
64 digits of the length, it enables to connect several sen-
sors to one common communication line. That is across
one part the microcontroller the data exchange can be
realized with several sensors, distributed at a large dis-
tance.

For the humidity measurement sensor AM320,
manufactured by AOSONG company, is used. The

given sensor is characterized by high stability and en-
ergy efficiency. The connection to the microcontroller
is realized by means of 12C interface.

For measurement of the solar radiation Solar Ra-
diation Sensor Pro2 6450 was selected. The given sen-
sor measures the global value of the radiation, it is char-
acterized high accuracy and operation rate. The connec-
tion of the solar radiation sensor to ANC of
microcontroller is realized via the operation amplifier,
gain factor is determined by the resistances in the direct
contour and feedback contour.

Measurement of the grid voltage is realized by
means of usage of the galvanic microcircuits, con-
nected directly to the output of measuring transformer
and in the d. c. circuit of the grid inverter — via the volt-
age divider.

Fuzzy algorithm

1
Initialization
Input data array Fuzzy rules base
2 [ Measurement of the parameters of v v

temperature, humidity, insolation,
voltage of the grid, voltage of d. c.
circuit of the inverter

3 v
Obtaining of the parameters from
Smart Grid system

v

Formation of the input data array

v

5 |Realization of Fuzzy algorithm of the
synthesized mathematical model

v

Fuzzification

v

Aggregation of subconditions

v

Activation of subconditions

v

Accumulation of conclusion

v

Defuzzification

v

Transfer of the control signal via the
6 | Ethernet to the controller of the grid
inverter

v

7 ransfer of the data to the operator
workstation

Fig 4 — General algorithm of the intelligent control unit operation and subalgorithm of fuzzy signals processing
operation
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Measurement of the parameters from
sensors with the analog signal

Measurement of the parameters from
sensors with the digital signal

Selection of ADC channel

A

Start of AD conversion

l¢

End of AD conversion

Deny AD conversion

v

Write down the data from ADC into
variable

v

Formation of ROM instruction for the
search of the device

v

Sending of the code with the number
of the device on Wire-1 bus

v

Await the device response

L7

Form the temperature measurement
request

v

Read out the code

v

Perform the scaling of the measured

Perform the scaling of the measured value
value
Fig 5 — Parameters measurement from the sensors
Conclusions (IP&O) of MPPT control for photovoltaic power sys-

Microprocessor device, intended for the realiza-
tion of the optimization system of the energy transmis-
sion process by photovoltaic power plants in the grid is
proposed. The synthesis of the hardware and software,
necessary for the realization of the microprocessor de-
vice is performed. Taking into account the complexity
of the information processing, the selection of modern
microprocessor ~ base, namely  microcontroller
PIC32MZ for the solution of this problem was carried
out. The given type of the microprocessor, are to well
developed periphery, enables to integrate this device
into the general system Smart Grid and provides suffi-
cient operation rate in the process of it’s operation.
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ORIGINS OF PHENOMENOLOGY IN PHYSICS
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AHHOTAIIUA

Kiev

B COBPCMCHHOM NMO3HAHWHU IPHUPOJAbI, B TOM YHCJIC U B (I)I/IBI/IKG, IMUPOKO NPUMCHACTCS q)eHOMeHOJIOFI/I‘IeCKI/Iﬁ

METOJl. DTO KOT/ia MPH U3YUCHUH OOBEKTa NCCIIE0BATEb HCIONB3YET TOJIBKO BHEIIHEE €r0 ONHMCaHNE, HE Mpo-
HHKas B CAMYIO CYIIIHOCTh BHYTPEHHEH CTPYKTYPBI, B IPHUMHY IIPOUCXOAAIIETO B HEM SBJICHUS. DTa 0COOCHHOCTh
B [NO3HAHUHU MPUBOJIMUT K OIMCAHUIO UCCIEIYEeMOro 00beKTa (pyHKIUSIMH, 3aBUCSLIMMHI OT IPOCTPAHCTBA H Bpe-
MEHH, T.€. He OT MaTepHaiIbHOl cybcTannuu. B paboTe pacKphIBarOTCS THOCEOJIOTHYECKHE KOPHU ATOTO METO/a,
Y TIPUBOJISTCS IIPUMEPBI, B KOTOPBIX (PYHKINH, MOJCIHPYIOIINE MaTePHaIbHBIA OOBEKT, 3aBUCAT OT MaTepHallb-

HOM CyOCTaHITHH.
ABSTRACT

In modern knowledge of nature, including physics, the phenomenological method is widely used. This is
when, when studying an object, the researcher uses only its external description, without penetrating into the
very essence of the internal structure, into the cause of the phenomenon occurring in it. This feature in cognition
leads to the description of the object under study by functions depending on space and time, i.e. not from mate-
rial substance. The work reveals the epistemological roots of this method, and provides examples in which the
functions that simulate a material object depend on the material substance.
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Beenenne

Maremartuka B €CTECTBEHHOM HayKe MpU3BaHa OT-
BEYaTh 32 HamOoyee pa3BUTHI MeTOa abCTparupoBa-
HUs, IPUMEHEHHE KOTOPOTO HEpa3phIBHO CBA3AHO C
npoOIeMoil oucKa MaTeMaTHICCKUX (PYHKIUH, aeK-
BaTHO OTOOpaXAaroIUX B TNPHUPOJIE MaTepPHAIbHEIC
CTPYKTYpbl U siBieHus. CrienyeTr 3aMeTuTh, YTO 3TY
npoOieMy, Iajieko He BCET/a, yOacTCs pa3pelIuTh.
Hanpuwmep, ¢popmyna M. HeroToHa, omuceBaromas 3a-
BUCHMOCTb CHJIbl B3aUMOJIEUCTBHUS IBYX T€Jl OT PacCTO-
SHUSI MEXJ1y HUMHU, JJI1 Pa3IMYHOTO BHEUIHErO OKpY-
KEHHUS TpeOyeT CBOEro YTOYHEHHs, KOTOpoe, 0OBITHO,
OCYILIECTBIIIETCS] KOPPEKTUPOBKOW MOCTOSTHHON I'paBH-
Tauuu. M3BeCTHO, 4YTO CUJla 36MHOT'O TATOTEHUS B KOC-
MOC€ HE COBIAIAET C PACYETHOM COTJIaCHO 3TOM 3HaMe-
HUTON (hopMmysie. AHANOrMYHAs CUTyallWs CKJIabIBa-
ercs u ¢ ¢opmynoi II.Kynona B3aumomewcTBus
JJIEKTPUYECKUX 3apsA/ioB, KOTOpas, KPpOME TOro, He

VYUTBHIBAET, JlaXKe, UX 3HaKU. AHamu3upysa 3T Gop-
MYJIbl, BO3HHKAET BOIPOC, IOUYEMY B HUX CHJIa B3aUMO-
JIEHCTBUS 3aBUCUT HE OT BEIIECTBEHHBIX NIEPEMEHHBIX,
T.e. OT W3MEHEHMH, BO3JEHCTBYIOIIUX HEMOCPE-
CTBEHHO Ha MaTepHUaJIbHOE COJIEPKUMOE Tel, a OT Ie-
PEMEHHBIX, OTPaKaIOIIUX MPOCTPAHCTBEHHO-BPEMEH-
Hble KOOpAMHATHL. Beab 1enb MO3HAaHUS MPUPOIBI
HATIpaBJICHA Ha PACKPBITHE 0COOCHHOCTEH HEOTHOPOI-
HOCTH PaclpeesIeHue MaTepuu U MpOLECCOB, IPOUC-
XOJSIIMUX B HEHM, KOTOPBIE, MPEXK/IE BCETO, XapaKkTepu-
3yIOT YHEPreTUYECKHUE U CUIIOBbIE U3BMEHEHUS B UCCIIe-
JlyeMOH BEIIeCTBEHHON CTPyKType, a B (opmymnax
N.Herorona u III.KynoHa OHU AUKTYIOTCS U3MEHEHHU-
SIMM PAcCTOSIHUM O4YeHb JAJEKHUX OT MaTepHalbHOU
cyocranimu. B HacTosel padoTe momeITaeMcs OTBe-
TUTh, TIOYEMY ITO TaK, U KaK CleAyeT (pOpMHpPOBATH
(G yHKIMU, KOTOPBIC JOJDKHEI 00JIiee alckBaTHO OTOOpa-
JKaTh MPUPOLY.
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