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The solar energy is directly converted into electrical energy by solar PV module. Each type of PV module has its
own specific characteristic corresponding to the surrounding condition such as irradiation, and temperature and this
makes the tracking of maximum power point (MPP) a complicated problem. To overcome this problem, many maximum
power point tracking (MPPT) control algorithms have been presented. Fuzzy logic (FL) has been used for tracking the
MPP of PV modules because it has the advantages of being robust, relatively simple to design and does not require the
knowledge of an exact model where a mathematical model of the PV module, DC-DC converter, are used in the study of
FL based MPPT algorithm. It is suggested to present this problem in the form of two-folds; first to identify the deviation
of the power to maximum power point, and secondly, to control the voltage of the DC-DC converter corresponding to
maximum power. In this paper, the first discussion approach will stress out the integration of model predictive control
in maximum power point tracking MPPT and as progressing a second approach is identified as fuzzy logic controller
FLC and perturb & Observe P&O algorithms are analyzed. All are interrelated to MPPT model for a photovoltaic
module, PVM, to search for and generate the maximum power; in this case what’s called P,,,,. As per the first technique
the focus is on the optimal duty ratio, D, for a series of multi diverse types of converters and load matching. The design
of the MPPT for a stand-alone photovoltaic power generation system is applied where the system will consist of a solar
array with nonlinear time varying characteristics, and a converter with appropriate filters. The integration of model
predictive control will be addressed first in this paper. The second fold will implement an MPPT system that use the FLC
and compare it with a classicalMPPT P&O algorithm through the utilization of Simulink. The novel design in the FLC
will be based on the use of asymmetrical membership functions to compensate for the asymmetrical P-V curve of solar
panel.

Keywords: photovoltaic station, maximum power point tracking (MPPT) control algorithms, fuzzy logic agent, model
predictive control, optimal duty ratio.

Introduction

It has been obvious that maximum power
point tracking algorithm is currently playing a vi-
tal role to enhance the efficiency of the solar panel
as less than 40% of energy incident is being con-
verted into electrical energy. Due to the growing
dependency and the increasing need in acquiring
electricity, and due to the limitations in supply
and the uprising prices of conventional sources
(such as the continuous increase in electrical bills,
generation, distribution, and maintenance of the
electrical plants, fluctuating petroleum prices, etc.),
photovoltaic (PV) energy vitality turns into a prom-
ising option as it is inescapable, openly accessi-
ble, environmentally promising, and has less op-
erational and upkeep costs. Along these lines, the
interest of PV era systems is by all accounts ex-
panded for both standalone and grid-connected
modes of PV systems. As a result, an efficient max-

imum power point tracking (MPPT) technique is
vital for tracking the MPP at all environmental
conditions and then push forward the PV system
to functionally be operable at that MPP point. Un-
desirably, photovoltaic generation systems have
two note-worthy issues: the conversion efficiency
in electric power generation is somehow low (nor-
mally below 17 percent particularly under low ir-
radiation conditions), and the amount of electric
power generated by solar arrays changes persistent-
ly with climate conditions. Numerous MPPT meth-
odologies have been recommended in the litera-
ture; the Perturb and Observe (P&O), the Incre-
mental Conductance (IC), the Artificial Neural
Network, and the Fuzzy Logic methods, etc. It has
been noticed that the efficiency of the PV is influ-
enced by the following two parameters: the pan-
el’s irradiance and temperature which are stochas-
tic and unpredictable. In any PV module a DC/
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Fig. 2. Block diagram for MPC

DC converter is accountable for transferring max-
imum power to the load.

Unfortunately and since the MPP point must
be sought, this can be achieved in either computa-
tion models or search algorithms. Figure 1 illus-
trates an MPPT module diagram.

We have to stress out that the voltage across
the power-conditioning unit (DC-DC converter) is
fed to get an isolated load. The input-output (I/P-
O/P) voltage relationship for converter conduc-
tion mode is given by duty cycle. This paper will be
expanded towards proposing an innovative fuzzy
logic controller (FLC) for DC—DC converters that
yield to an effective element of MPPT system so
that it integrate itself into enhancing the photovol-
taic modules to work under changeable operating
conditions as well as dealing with the nonlinear
properties of DC-DC power converters [1].

Overview of model predictive control

MPC is a model in view of line control ap-
proach with the following accompanying mod-
ules: a prediction horizon, a receding horizon pro-
cedure, and a regular update of the model and
re-computation of the optimal control input [2, 3].
A block diagram of MPC system is shown in Fig-
ure 2. A process model is used to predict the cur-
rent values of the output variables. The residuals,
the differences between the actual and predicted
outputs, serve as the feedback signal to a Predic-

tion block. The predictions are utilized as a part of
two types of MPC calculations that are performed
at each sampling instant: the first is the set-point
calculations and the second is the control calcula-
tions.

The set points for the control calculations,
which are called targets, calculated from an eco-
nomic optimization based on a steady-state mod-
el of the process, conventionally, a linear mod-
el. In MPC the set points are customarily com-
puted each time the control calculations are con-
ducted.

Nonlinear predictive control

The basic principle of model predictive con-
trol is shown in Figure 3. At a denoted time (t)
certain measurements are provided, which will
trigger the controller to predicts the future dynam-
ic behavior of the system over a prediction hori-
zon Tp and furthermore determine (over a control
horizon 7c < Tp) the input under the condition
a predefined open-loop performance objective is
optimized.

When neither disturbances exist nor mis-
matching model plant presence is evident, and if
the optimization problem could be solved for in-
finite horizons, then we can apply the input func-
tion found at time ¢ = 0 to the system for all times
t 2 0. As a matter of fact, this is not feasible gen-
erally. Because of the factors of disturbances and
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Fig. 3. Principle of model predictive control

the stressing model-plant mismatch, the real sys-
tem behavior is going to differ from the predicted
behavior. To integrate a feedback scheme, the
open-loop manipulated input function acquired
will be ready for implementation as the next mea-
surement becomes available. The time difference
between the recalculation/measurements can vary,
however often it is assumed to be fixed, i. e. the
measurement will take place every & sampling
time-unit. Using the new measurement at time
(t + 9), then the whole process for the prediction
and optimization is going to be repeated to find
a new input function with the control and predic-
tion horizons moving forward. Knowing that in
Figure 3 the input is depicted as arbitrary func-
tion of time. For numerical solutions of the open-
loop optimal control problem, it is often necessary
to parameterize the input in an appropriate way.
This is normally achieved by employing a finite
number of basic functions; as an example, the in-
put could be approximated as piecewise con-
stant over the sampling time 8. The computation
of the applied input (based on the predicted sys-
tem behavior) permits the inclusion of const-
raints on states and inputs as well as the optimiza-
tion of a given cost function. In general, the pre-
dicted system behavior will differ from the clo-
sed-loop one; and thus further cautionary should
be taken into account to achieve closed-loop sta-
bility [1].

Adaptive Fuzzy logic Agent:
Asymmetrical MFs

Asymmetric membership function and control
rules, in which membership function and fuzzy
rules are designed according to the nonlinear
characteristic of PV module are introduced into
fuzzy control to improve the control effect. Due to
the asymmetrical characteristic of the solar cell
P-V curve, asymmetrical MF is proposed to have
a better performance. It can be observed from the

»
>

Mpp

Small AP,

- — — —

AV

Jos

Fig. 4. Concept for designing MF setting values of novel
adaptive

AP—AV curve that even the same voltage step
AV,,is applied; the power variations on both left
and right half planes of MPP are quite different
where the AP, on the left is smaller than that on
the right (where the right side is large) and this
can be seen in fig. 4.

To improve the efficiency of PV system,
membership functions are designed again accord-
ing to nonlinear characteristic of PV module. Due
to e(k) is nonlinear, membership function is de-
signed in an asymmetric triangular from.

To implement easily the asymmetric fuzzy
control and make the output of fuzzy controller
stable, the membership of fuzzy controller output
is designed as trapeze. The AD is the change of
perturbation step.

The aim of fuzzy rules is to let the PV system
to acquire a good dynamic and stable performanc-
es under different illuminations. So when the PV
module operating point is away from MPP, the
perturbation step should be large one to move the
PV module to MPP quickly, when the PV module
works near to MPP, the perturbation step should
be small one to reduce the power oscillation
around MPP.

Two dimensions fuzzy controller is designed
in the proposed asymmetric fuzzy control. E(k) is
one input (error) variable and another one is CE
(change of error) according to working point. The
output of fuzzy controller is the change of pertur-
bation step.

The design based on both sides of the nonlin-
ear characteristic of PV module which can make
PV system response to illumination changing
quickly and output stable power. The selected
asymmetrical membership functions are shown in
figures 5, 6, and 7.
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Simulations and results for FLC
and P&O MPPT techniques

A new adaptation and simulation of a PV sys-
tem using fuzzy logic controller that supports asym-
metrical membership functions with an MPPT is
addressed to overcome the asymmetrical nonlin-
ear PV curve of a photovoltaic solar panels.

A sample of fuzzy rules are shown in table 1 and
used to control the buck converter in a form to reach
the maximum power point MPP of the photovoltaic
PV generator, where the entries are a sort of fuzzy
sets in the form of error (£), change of error (CE)
and change of duty ratio (AD) to the converter.

Table 1. Fuzzy rules

along with MPPT controller which is connected to
a load. This setup is manipulated inside the Matlab/
simulink setting, which is shown in Figure 9.
Sunntech STb134.12/Tp represented the PV
and its technical data is showing in table 2. Six PV
modules connected in series formed the PV array
which its total capacity is 810 W. The 105v DC
input voltage was stepped down to 48v to fit the
battery voltage level using a buck converter [11, 12].
In addition, and to implement the fuzzy logic
controller FLC, FL toolbox in Matlab/Simulink will
be selected and the simulation of fuzzy logic con-
troller for MPPT to be conducted and as we prog-
ress an evaluation comparison with a Perturb & Ob-
serve (P&O) for MPPT controller was performed.

E CE Table 2. PV module specs
NB NS 70 PS PB
Electrical specifications Values
NB ZO Z0 NB NB NB —
NS 70 70 NS NS NS Open-circuit voltage 223V
70 NS 70 70 70 PS Short-circuit voltage 8.20A
PS PS PS PS 70 70 Optimum operating voltage (V,,,,) 175V
PB PB PB PB Z0 70 Optimum operating current (7,,,,) 7.71A
Figure 8 shows an approach for a main PV mod- | Maximum power at STC (Pra) 135W
el structure composed of PV array, a DC-DC con- Current temperature coefficient of Isc| (0.055+ 0.01)%K
verter in the form of buck or step down converter | Voltage temperature coefficient —(75£10) mV/K
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Fig. 9. FLC MPPT algorithm in MATLAB-Simulink

Figure 10 demonstrates the outcome of the
simulation result of PV generator output power,
operating current &voltage, and eventually the
duty ratio «D» through the use of a buck convert-
er and these results were obtained at a standard
test conditions (STC) among the fuzzy logic con-
troller «kFLC» and the P&O based MPPT. To take
the discussions a step forward obviously the out-
come of the FLC MPPT had reduced clearly the
response time of the PV system. On the other
hand as we compare the above to P&O MPPT
system, P&O showed an impact of energy losses.
As we used the P&O technique there was an evi-
dence of a continuous oscillation at the operation
point and this was due to the incessant perturba-
tion that took place at the operating voltage to

reach the maximum power point «kMPP». As com-
pared to the FLC technique such oscillation
wasn’t existing in FL based MPPT technique, and
was able to optimize the overall results, where the
signals of the other parameters which were name-
ly the power «P», voltage «V», current «I», and
duty ratio «D» continued to stay constant, which
would cause an impact on the reduction of power
loss.

Figure 11 displays the simulation of the increase
in irradiance from a 1000 w/m? to 1200 w/m?.
This fast increase was taking place at a «2 sec»
time period, knowing that the temperature of the
cell was staying at a constant temperature level of
25 °C. In accordance to those operational condi-
tions, FLC technique was more reliable. More-
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Figure 12 displays the simulation of the
increase in cell temperature from «25 °C» to
«50 °C» which was taking place at a «2 sec»
time period.

From the simulation results we can
clearly see that irradiation stayed constant
on a 1000 w/m? value. In nutshell, Figure 12
shows that the output power with a de-
creased linearity as we applied both MPPT
algorithms namely the fuzzy logic and Per-
turb and Observe. At the same time P&O
MPPT method resulted in low deviation

‘EA
$< . .
£ 15t from the maximum power point MPP.
=1
3 Conclusion
, 8 The employment of MPPT for PV sta-
3 048 tions and their applications were addressed
o .
z - in the form of two schemes; a first scheme
° was an adaptation structure of a model pre-
% dictive control (MPC) for a PV station that
is considered to be a promising technique to
Fig. 12. FL and P&O methods at fast increasing temperature maximize the efficiency of the power utili-
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zation. The second scheme of the paper was fo- to P&O. From the simulation results, FLC provid-
cusing on the implementation and simulation of ed a reliable response as compared to the P&O
fuzzy logic controller (fuzzy logic agent) using controller in regards to main performance of
asymmetrical membership functions for MPPT to MPPT where FL was better in regards to the re-
seek the maximum power point and comparing it  sponse time and oscillation.
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Aiimao Onvzeiin. FO. H. I[lempenko

CTPYKTYPA YNPABAEHUA ®OTO3NEKTPUUYECKOW CTAHLMEM
HA OCHOBE AAANTUBHOIO HEYETKOIO AreHTA

FBenopycckuil nayuonanbHulii mexnudeckuti ynugepcumem

IIpeobpasosanue conneunoil dnepeusi HenOCPEOCMEEHHO 8 INEKMPUUECKYIO OCYUeCBIAeMCs COTHEUHbBIMU MOOYIAMU
6 cocmage pomoanexmpuuecxoii cmanyuu (PIC). Kasxucowiii Modynb umeen c6or0 Xapakmepucmuxy 3a8UCUMOCHIU 2eHepUpy-
emotll mownocmu om nanpsicenus (P-V) npu onpedenennvix ycnosusx oxpyscaroujeli cpeobl- UHMEHCUBHOCHIU COTHEYHO2O
uznyyenue u memnepamypul. Xapaxmepucmurxa P-V umeem yHUKanbHy0 mouKy MakCUMAanbHOU 6bIX00HOU mowHocmu (MBM)
u ee omcenedcusane A6IAemcs O0OCMAmMOYHO CLOACHOU NPobaemoll. B Muposoil npakmuke npeonodicero 6oavuioe pasnooopa-
3ue aneopummos, obecneuusarouux gynkyuonuposanue @IC npu MBM. [Ipednosiceno paccmampugame pewenue smoi 3a-
Odayu 6 0sa smana: 1 — evlbop ancopumma uoeHmMupuUKayuu OMKIOHeHUs U 2 — NPeKMuposanue KOHmMpoiiepd YnpasieHus
npeobpazosamenem NOCMOAHHO20 MOKA, 00eCnevUsaIowe2o 8euyUHy Hanpadicenus, coomgemcemeylowei mouke MBM. Hau-
boee coBepUIeHHBIMU XAPAKMEPUCMUKAMU 001a0aen npediodiCeH bl A0anMUEHbII HeUemKUll d2enn, (YHKYuu NPUHAOLediCc-
nocmu (®@I1) komopoeo paspadbomansl ¢ y4emom XapakmepHvix YHUKaibhvix ceoticme OIC-nenuneiinocmu xapakmepucmuxu
P-V u ee necummempuunocmu omuocumenvro mouku MBM. [Ipuseden npumep gopmuposarus DII.
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Dpdexmusrocms npediodceHHbX peuteHuil NOOMEEPHCOAemcs pe3yIbmamami. nPo8edeHHO20 YUCIEHHO20 IKCHepUMeH-
ma na paspabomannou umumayuonnou mooenu & cpede MATLAB-Simulink.

Tpu smom adanmusnbvlii Hevemxuil azenm obecnequsaen coOKpaujeHue BpeMeHU 6biIX00d Ha 3A0aHHYI0 MPAeKMopuIo npu-
MepHO 80860e.

Knrwuesvie cnosa: d)OmOSJl@KmpM’-{eCKaﬂ cmanyus, MakCumailbHo 6bIXOOHAS MOWHOCMb AlICOPUMM YNPABIEHUs, A2eHm
Heuemkol JIO2UKU, ynpeolcbaiou;ee ynpaeJjenue, ONMUMANLHBIU CUSHAT ynpaeieHusi.
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