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Abstract. Photovoltaic power plants have non-linear voltage-current characteristic, with specific
maximum power point, which depends on operating conditions, viz. irradiation and temperature.
In targeting the maximum power, it is by far known that the photovoltaic arrays have to operate
at the maximum power point despite unpredicted weather changes. For this reason the controllers
of all photovoltaic power electronic converters employ some method for maximum power point
tracking. This paper makes an emphasis on model predictive controller as a control method for
controlling the maximum power point tracking through the utilization of the well-known algorithm
namely the Perturb and Observe technique. Further, during the advanced stages of this research
study, the model will compare the results obtained for tracking the maximum power point from
model predictive controller and a PID-controller as they are integrated Perturb and Observe
algorithm. The obtained results will verify that the adaptive PID-controller Perturb and Observe
algorithm has limitation for tracking the precise MPP during the transient insulation conditions.
As compared to the proposed adaptive/modified model predictive controller for Perturb and
Observe algorithm we illustrate that by adopting this method we will get to establish more accurate
and efficient results of the obtained power in any dynamic environmental conditions: advantages
as on regulation time (six times under the accepted experimental conditions) and by the number
of fluctuations.
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3aBHCSILECH OT YCIIOBHH SKCIUTyaTalluy — TEMIIEPATyphI U yPOBHS COHEYHOH pauaryu. [lostomy s
MOBBIIICHUST A(PHEKTUBHOCTH  (POTOREKTPUUECKOrO MpeoOpa3oBaHUs HEOOXOMUMO OOCCIICUHTh
padory ®3C B Touke MBM. D10 nmocturaercs NPUMEHEHHEM COOTBETCTBYIOIHMX aJTOPUTMOB
yhpaBiieHus], HanOonee W3BECTHBIMU U3 KOTOPBIX sBILIIOTCA P&O («BO3MyIleHHE U HAOMIOACHUEY).
OTU alNropuTMBl OCHOBAaHBI HAa W3MEHEHHH HAIpsDKeHHsl mocTosHHoro Toka ®3C ¢ momorubio
npeoOpa3oBareisi IOCTOSHHOTO TOKa (PEeryysTopa), BBIXOAHOE HAIpsDKEHHE KOTOPOro JOJDKHO
HU3MEHATBCS TI0 ONpPENCIICHHOMY 3aKOHY C HW3MEHEHHeM YCIOBHH OSKkciuryatamuu. llpm sToMm
HCTIONB3YIOTCS peryisTopsl: nponopruoHansHele (I1), unrerpanshsie (1), muddepenunansasie (1)
wii yaiie Bcero ux komOuuaumu [TUJI. B cratee uccnemyercst 3GQeKTUBHOCTh MPUMEHEHHS
peryiaTopa ¢ MpOrHO3HBIM aganTuBHbIM yrpasinenueM (MPC). TlocpencTBoM UHCIEHHBIX 3KCIIE-
PHUMEHTOB Ha pa3pabOTaHHOI MMMTAIMOHHOM MOJenH mokaszaHo, uto [IM]I-perynsTopbl B MHTe-
rpatmu ¢ P&O u INC amropurmamm He 00€CHEYMBAIOT JIOCTATOYHO OBICTPOM pEaKIuH IpH
W3MEHECHHH ycnoBWi BHemHeil cpembl. B To ke Bpems MPC B coweranmu ¢ P&O wmmeer
MpeNMyIIeCTBAa KaK MO BPEMEHM DPETYIHpOBaHUA (B IIECTh pa3 IPU IPHUHATHIX YCIOBHSX BKCIIE-
PHYMEHTa), TaK U MO KOJIMYECTBY KOIeOaHUH.

KnroueBble ci1oBa: (oToanekTpudeckas CTaHIHs, 00ecIedeHHe MaKCUMAaIbHOIM BBIXOJJHOW MOIII-
HOCTH, QITOPUTM «BO3MyIleHHe W HabmoxeHue», [T /I-KOHTpOIIEPEl, MOJETb YIPEKIAIOUIErO
YTIPaBJIEHUs, KOMIIBIOTEPHOE MOJICITHPOBAHHE.

Jas uuTupoBanus: Dm3eiiH, M. AnanTuBHas cucteMa o0GecriedeHHs] MaKCUMAJIbHOM BBIXOTHOM
MOIIHOCTH (DOTO3JIEKTPUYCCKON CTAHIMH HAa OCHOBE POOACTHOrO MPOTHO3HOIO YIMpaBicHHS /
W. Dmseiin, 0. H. Iletpenko // Duepeemuxa. H36. evicui. yueb. 3a6edenuil u sHepe. 00vbeouHe-
nuti CHI. 2020. T. 63, Ne 5. C. 441-449. https://doi.org/10.21122/1029-7448-2020-63-5-441-449

Introduction

Driven by anxieties over energy saving and environmental protection and ener-
gy accessibility, the installation of photovoltaic (PV) energy-productions systems
has been noticeably enlarged during the last years. The decreasing prices of PV
modules and more highly efficient power conversion systems have supported that
trend by augmenting the economic viability of the installed PV systems [1, 2].

Renewable energies like solar and wind are environmentally friendly sustai-
nable sources of energy. One of the most efficient and well-accepted renewable
energy sources is photovoltaic systems [3]. For these reasons the research in the
field of PV application, based on modeling, including application of modern means
like SimPowerSystems and MatlLab/Simulink is conducted in many countries [4].
Adequate and efficient maximum power point tracking (MPPT) is needed, due to
the nonlinearity of PV sources. Several techniques have been proposed for maxi-
mum power tracking [5-7]. MPPT algorithms have to be stable, robust, fast,
and efficient. Due to fast changes in environmental conditions, MPPT algorithms
should respond quickly to changes in atmospheric conditions [8—10].

The Perturb and Observe (P&O) method is one of the most commonly used
techniques [11, 12] due to its simplicity, ease of implementation, and good per-
formance. Nevertheless, it is observed that there are some power losses due to
the perturbation, and that it fails to track the power under fast varying atmos-
pheric conditions [13]. Perturbation determines the system response and the
steady state error. For lower oscillations a small perturb value is required, while
large perturb values cause higher oscillations. Unfortunately, smaller perturb
values result in a slower response. One solution is to use a perturb value that
varies, as proposed by the authors of [14—16].

Finite-set model predictive control (MPC) is a promising control techni-
que [17-19]. MPC does not involve any complex control loops. It deliberates the
controlled plant as a finite set of linear models, each demonstrating a physical
switching state. The controlled variable is predicted in every switching state.
The control is assessed and applied at intermediate instants of time. This results
in a variable switching frequency where the maximum switching frequency
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is limited to half the sampling frequency. Under a variable switching frequency,
it is problematic to control electromagnetic interference (EMI) and to preserve
a desired output voltage quality [20].

Perturbation and Observation algorithm

The Perturbation and Observation (P&OQO) algorithm is one of most widely
used methods for controlling DC/DC converters due to its easy implementation.
This algorithm works based on this idea when the PV module is not working
in MPPT point, the operating voltage of the module is disturbed periodically
in small voltage V' through DC-DC converter duty cycle.

Then the change on the output power AP of photovoltaic is measured.
If AP > 0, the operating point is near to the maximum power point (MPP) and
same disturbance of V" will occur in the same direction as the previous one.
However, if AP < 0, the system has moved away from MPP and next disturbance
will occur in the opposite direction.

Once the MPP has been reached, the P&O makes the point of operation
of the photovoltaic module to work around it. However, if AP < 0, the system
has moved away from MPP and next disturbance will occur at opposite direc-
tion. Once the MPP has been reached, the P&O makes the point of operation
of the photovoltaic module to work around it [21-23].

Fig. 1 shows the Perturb and Observe algorithm and how does it function
in perturbing the step size. Knowing that ¥V, and I are the voltage, and current
at previous and current time and this is the same for the power P.

‘i’f‘

Measure Vy, Ii, Vi_yand I,

4

| Pr=Vi i Peo1 = Vil |

Apply correction

Fig. 1. Flowchart of the maximum power point tracking
Perturb & Observe algorithm
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Model predictive controller scheme

The ultimate achievement over the next discussions is to improve the opera-
tion of the P&O algorithm. This can be performed through the usage of predic-
ting the future behavior of the desired control variables until a predefined hori-
zon in time. As we utilize the predicted variables, the switching state will be ob-
tained through minimization of a cost function [24-26].

P&O determines the reference current for the MPC which determines the
next switching state. This technique predicts the error of the next sampling time
and based on optimization of the cost function g. The inputs to the predictive
controller are the PV system current, voltage, and the reference current. By de-
riving the discrete time set of equations, the behavior of control variable can
be predicted at next sampling time k. The proposed methodology is based on the
fact that the slope of the PV array power curve is zero at the predicted MPP,
positive on the left and negative on the right of the predicted MPP. Predicted
behavior of control variables at the next sampling time &£ + 1 can be described
by a discrete-time set of equations by the following [27-29]:

e when switch is “ON”:

Ly (k+ D) =T/ LV Vy (k) + Lpy (K); (1
Volk+1)=(1-T,/RC)V, (K), 2

where Ipy — photovoltaic current; T, — switching period; Vpy — photovoltaic vol-
tage; V. — capacitance voltage; R — resistance; C — capacitor;
o when switch is “OFF”:

Loy (k+1) =1y (k) =T, /InV,(k); 3)

g = f(x(k), u(k), ..., u(k + N)). 4
The cost function can be obtained as per the following
g, =01|1py =0,I(k+1)= 1|, ®)

where g, — cost function; /py; — photovoltaic current; /.., — reference current.

The objective is to minimize the cost function g. The final switching state
for MPPT can be determined using procedure illustrated in Fig. 2. Model predic-
tive control approach is used for controlling the input current of the DC-DC
converter [30].

Knowing that the Vpy and /py are the voltage and current of the photovoltaic
station and /.. is the reference current. The cost function is defined as g,.

Model predictive control approach is used for controlling the input current of the
DC-DC converter. The designed controller should provide the capability of tracking
the reference current generated by the suggested MPPT method with satisfactory
dynamic and steady-state performances. Based on the MPC concept, the future
behavior of the input current should be predicted separately for each of the two dif-
ferent switching states of the converter using appropriate equations [31-33].
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Fig. 2. Model predictive control process for the maximum power point tracking
Ipy
Fig. 3 depicts the proposed control scheme for a stand-alone PV system.
In this system, the PV panel is coupled directly to a boost converter, used to rea-
lize the MPPT operation with a resistive load.
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Fig. 3. Photovoltaic station control scheme using model predictive control:
Ipy — photovoltaic current; Vpy — photovoltaic voltage; D — diode; V. — capacitor voltage

The MPPT algorithm uses PV voltage and current measurements to generate
the PV output current reference. Then, a predictive current controller is aimed
to regulate the PV current according to the reference current. Simulations
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have been conducted and an experimental validation has been achieved to
confirm the feasibility and performance improvement of the proposed control
scheme [34, 35].

Implementation and results

From the orientation of the system above we will make simulations based on
using a Kyocera KC-200-GT which can produce a maximum power of around
200 W. The technical data sheet from the manufacturer is listed below in Tab. 1.

Table 1

Technical datasheet for Kyocera solar panel

Parameter name PV parameters value
Open-circuit voltage V. 329V
Optimum operating voltage V,,, 264V
Short-circuit current 7, 821 A
PV current Ipy 8213 A
Optimum operating current /,,, 795 A
Maximum power at STC P,y 200 W

According to the following figures we generated through the Simulink the
simulations for adaptive P&O using PID-controller and compared with P&O
using MPC controller. The irradiance that was selected for both controllers
was set to 1000 W/m? at a constant temperature of 25 °C. As shown in Fig. 4,
we observed that the PID-controller as used as a controller for the P&O was
oscillating during the period of time up to roughly 0.6 s and a fluctuation in the
power curve was observed as it was trying to make the corrective measures
in tracking the maximum powerpoint which was supposed to be 200 W.

P, w T T T T T T T T T
200}, i :

150}.].|.-

0.1 02 03 04 05 06 07 0..8 t,s 1.0

Fig. 4. Perturb and Observe using PID-controller — STC condition

Eventually the controller was almost trying to reach its detection goal
of reaching the maximum power point MPP between the time frame of 0.65 s
onwards with lower oscillation rates as detecting and tracking the MPP.
As comparing the results of Fig. 4 to those in Fig. 5 where we applied an
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adaptive P&O using MPC we can conclude that the MPC was able and being
faster in tracking the MPP at a time frame of 0.02 which as compared to those
results from the PID-controller we see that MPC was more reliable with faster
response time to extract the most efficient power of the system and thus being
faster by almost six times in reaching the MPP at power factor of 200 W.
Oscillation through the utilization of MPC was suppressed as proved in Fig. 5.

P, W ' T ; ' - 4 J ; '
200 S— S
175
150
125
100

0.1 02 03 04 05 06 07 08 +ts 1.0

Fig. 5. Perturb and Observe using model predictive
controller — STC conditions

CONCLUSION

In this paper we introduced a comparative scenario to use an adaptive
Perturb and Observe algorithm for both PID and model predictive controller
controllers. It was noticed that adapting an model predictive controller to the
Perturb and Observe algorithm produced better results in tracking the maximum
power point and reaching it in a very fast responsive time and thus made the ex-
traction of power more efficient under fixed and fast environmental weather
conditions. The overall performance using model predictive controller was better
than that of PID and the simulations were showing these attestations as we used
the algorithms Perturb and Observe.
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