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Abstract. The importance of solar energy is manifested in the growing demand for renewable energy sources around the world, which is fueled
by environmental concern and the scarcity of conventional energy. Maximum power point trackers (MPPTS) are necessary in solar energy systems due
to atmospheric changes that threaten the efficiency of solar energy systems. This article compares MPPT technologies. Including traditional and modern
techniques, and despite the results achieved by classical techniques in maximizing and extracting as much energy as possible, they face a big problem
in reaching the bone energy point. These provide modern technologies such as FLC and SMC. They provide exceptional accuracy and excellent response
in all environmental conditions but come with additional complexity and higher cost. These technologies are ideal in applications that require high
performance under continuously changing conditions or in difficult environments (such as large solar power systems or systems dealing with large
fluctuations in illumination). This research aims to conduct a comprehensive study and compare of classical technologies (P&O and IncCond) and modern
technologies sliding mode control (SMC, Fuzzy Logic Control — FLC), taking into account factors such as efficiency, complexity and response time. Tests
were conducted under different climatic conditions to understand and enhance the efficiency of MPPT technologies. Our study highlights the enhanced
performance for methods based on modern technologies. This study provides a comprehensive comparative analysis, and by improving the efficiency
and reliability of solar energy systems, our research supports the advancement of sustainable energy solutions.
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STEROWANIE MPPT SYSTEMU PV: ANALIZA POROWNAWCZA
ALGORYTMOW P&O, INCCOND, SMC | FLC

Streszczenie: Znaczenie energii stonecznej przejawia si¢ w rosngcym zapotrzebowaniu na odnawialne Zrodla energii na calym Swiecie, ktdre jest
napedzane troskq o srodowisko i niedoborem energii konwencjonalnej. Trackery punktu maksymalnej mocy (MPPTS) sq niezbedne w systemach energii
stonecznej ze wzgledu na zmiany atmosferyczne, ktore zagrazajq wydajnosci systemow energii stonecznej. Niniejszy artykuf poréwnuje technologie MPPT.
Pomimo wynikow osigganych przez klasyczne techniki w maksymalizacji i wydobywaniu jak najwiekszej ilosci energii, napotykajq one duzy problem w
osiggnieciu punktu energetycznego. Zapewniajq to nowoczesne technologie, takie jak FLC i SMC. Zapewniajq one wyjgtkowq dokladnos¢ i doskonalq
reakcje we wszystkich warunkach srodowiskowych, ale wigzq sie¢ z dodatkowq zlozonoscig i wyzszymi kosztami. Technologie te sq idealne
w zastosowaniach wymagajgcych wysokiej wydajnosci w stale zmieniajgcych sie warunkach lub w trudnych srodowiskach (takich jak duze systemy energii
stonecznej lub systemy radzqgce sobie z duzymi wahaniami oswietlenia). Niniejsze opracowanie ma na celu przeprowadzenie kompleksowych badan
i poréwnanie klasycznych technologii (P&O i IncCond) oraz nowoczesnych technologii sterowania slizgowego (SMC, Fuzzy Logic Control — FLC), biorgc
pod uwage czynniki takie jak wydajnosé, ztozonosc i czas reakcji. Testy przeprowadzono w roznych warunkach klimatycznych, aby zrozumiec i zwigkszy¢
wydajnosé technologii MPPT. Nasze badanie podkresla zwigkszong wydajnosé¢ metod opartych na nowoczesnych technologiach. Opracowanie to zapewnia
kompleksowq analize porownawczq, a poprzez poprawe wydajnosci i niezawodnoSci systemow energii stonecznej, nasze badania wspierajq rozwdj
zrownowazonych rozwiqzan energetycznych.

Stowa kluczowe: PV, konwerter DC/DC, techniki MPPT, sterowanie logika rozmyta, sterowanie §lizgowe

extraction. So, when the voltage and current of the solar panels are
at their peak potential, the energy production in the photovoltaic
system reaches the maximum power point (MPP), allowing
for the extraction of the maximum amount of energy from

Introduction

One of the biggest problems facing humanity is climate
change, which poses a significant threat to the ecosystem and life

on Earth. This climate change, which is reflected in rising
temperatures and increased frequency of natural disasters,
is a direct result of human activity, specifically greenhouse
gas emissions resulting from the burning of fossil fuels.

With the increasing global demand for energy, the available
reserves of these resources have begun to deplete faster than
expected, which is why the world is turning towards more
sustainable alternatives. Renewable energy technologies stand out
as an effective solution to these problems.

These technologies contribute to reducing carbon emissions
and providing sustainable and renewable energy sources, such
as solar, wind, and hydroelectric power.

The transition to renewable energy represents a profound shift
in thinking and energy production worldwide, and it is considered
a crucial step towards achieving sustainable development goals.
These sources are seen as innovative and safe solutions, and they
have become more efficient and less costly than ever before.

The opportunities provided by this energy in terms
of sustainable advancement, environmental preservation,
and enhancing energy independence make it the most logical
choice for the future. With more research and development,
renewable energy is expected to become the dominant global
choice in the near future, contributing to construction a more
sustainable and safer world for future generations.

MPPT algorithms are crucial, especially in the face
of changing environmental conditions. photovoltaic system needs
continuous tracking of this point to ensure maximum energy

the panels.

In order to achieve this successfully, MPPT (Maximum Power
Point Tracking) algorithms must be used to ensure the system
operates continuously at this optimal position. And by changing
the voltage

Maximum Power Point Tracking (MPPT) techniques in photo-
voltaic systems are divided into several types based on their
method of controlling the voltage of solar panels and their
interaction with environmental conditions.

Traditional MPPT algorithms include the Perturb and Observe
(P&O) algorithm, which uses periodic voltage changes to monitor
energy changes, P&O is a simple and effective method in many
cases, but it can suffer from oscillation around the maximum
power point.. Incremental Conductance Algorithm (INC) is more
accurate but requires more complex computation.

Advanced MPPT algorithms like Sliding Mode Control
(SMC) Sliding Mode Control is a type of control characterized
by high flexibility and the ability to handle disturbances
and nonlinearity in systems. It is used in controlling systems
characterized by sudden or nonlinear changes, such as solar
electrical systemsand Fuzzy Logic Control (FLC) offer high
tracking precision but require high computational capabilities.

The Article aims to design and implement four MPPT
controllers using Matlab/Simulink, evaluate their effectiveness
in varying radiation and temperature conditions, compare different
controllers for efficiency in solar energy harvesting, and provide
analytical guidance.
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Our goal is to provide professionals, researchers and engineers
with the knowledge and resources they need to choose
and use MPPT algorithms.

In addition, by using Matlab/Simulink to evaluate these
controllers within the actual controllers, we hope to provide more
useful and realistic insights into their performance. The ultimate
goal of our study is to develop solar energy systems and control
algorithms, which will lead to a more efficient and sustainable
energy future. The paper is organized into 6 sections: the first
addresses problems, objectives, and the importance of the study.
In the second section, the mathematical model is reviewed
and the characteristics of the school system are analyzed.
The third section covers traditional techniques with a presentation
of simulations and analysis of results. Sections 4 and 5 present
modern technologies and the results obtained, along with
an analysis comparing old and new technologies. In Section 6,
conclusions and recommendations are made based on the results
reached.

1. PV system modelling and simulation

1.1. PV system description

The photovoltaic generating system comprises a photovoltaic
generator, a DC-DC converter, a digital controller, and a load.

boost DC-DC
Converter

ey
wePT ]

Voltage | s |_

Sensor v, | __ |

PV Moduies

Fig. 1. Simple PV system block diagram MPPT

1.2. PVG modeling

The modelling of the PV generator is given from Fig. 2
and represented by the following equations.
The general mathematical equation for a PV cell is as follows:

I:Ithp_Id_Ish 1)
Ion is a stream of light. The diode's current is called the Iy, while

the shunt current is called the Ig,. The following is the equation
for photovoltaic current.

1 + K, (T - 208) ——
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The dark current equation is as follows

V,, + Rl
Iq =l{exp(qL

pv -1
NSVt
A%
Yish Rs
Ipv l Id Rp

Ipv
Fig. 2. PV cell

4)

Vpv

The following equation describes how the reserved saturation
current changes with temperature:

1 1
E - _ =
T 3 q gO(Tn Tj
|0:|rs T_ eXp T (5)
n

In another, the output current dependence is given as follows

= |ph—|{exp{wj—1}lSh (6)

NKN_T

where V. represents the cell voltage, R, stands for the resistance
series cell, R, for the parallel resistance, and V, for the module's
thermal voltage: V, is equal to Ny KT/q. The number of cells
connected in series is denoted by N, and the number connected
in parallel by N,. T is the cell's temperature; q is the electron
charge, which is equal to 1.6-10"° C; K is the Boltzmann constant,
which is equal to 1.3854-102J/K; and n=1.3 is the diode's
ideality factor.

1.3. Simulation study

In order to understand the influence of environmental factors
(such as temperature and solar radiation), dust accumulation,
tilt angle direction, misdirection effect and internal factors,
we conducted simulations using MATLAB/Simulink as shown
in Fig. 3 and the results are presented in Fig. 4-7 in different
conditions of temperature, radiation and change in the rectifiers
of the photovoltaic panel characteristics used in the creation
of the PV mathematical model with:

Ng =36; Gr =1000 W /m?; T, =25°C; B, =40 W
Vip =1824 V1 =220 A, Vo =218 V; 1, =2.35 A

Case 1: Irradiance effect
Fig. 4 shows the properties of an electric cell under a variation

| 2 LS
ph 1000 @) in irradiance of several values (1200, 1000, 800, 600, 400 W/m?)
The conversion current equation is given as follows: while the temperature is maintained at 25°C. Little voltage
Vo, + 1o R ) changes and the power increases when the irradiance increase.
l, = P 5
sh Rsh
|—. To Workspace2
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Fig. 3. Simulation model of PV system
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Fig. 4: P-V and I-V characteristics of the solar panel

Table 1. Photovoltaic cell performance for different Irradiance intensity

Irradiance
(W/n) 400 600 800 1000 1200
Pmpp (W) 14.672 23 31.2 40 485
Voc (V) 20.46 21.463 21.514 21.28 22.041
Isc (A) 0.954 1.431 1.912 2.35 2.85

Case 2: Temperature effect

In order to understand the characteristics of the photovoltaic
cell we made a temperature change (0, 15, 25, 35, 45°C)
and irradiance stabilization at 1000 W/m2. Where we observe
an array increase in current at higher temperature and a decrease
in voltage due to an increase in Il and as a result the resulting
energy decreases
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Fig. 5. Solar panel's P-V and I-V characteristics with a irradiance of G = 1000 W/m?

Table 2. Performance of a photovoltaic cell under alternating temperature
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Table 3. The outcomes of PV modules with different series resistance
Series Resistance (Q) 0.2 0.5 0.9 2
Pmpp (W) 40 38 36.75 31.09
Voc (V) 21.28 21.2612 21.245 21.2031
Isc (A) 2.4295 2.4287 2.4277 2.425

Case 4: Shunt resistance variation

The following graphs illustrate the impact of shunt resistance
fluctuation on the photoelectric property for various values
(5, 8, 15). Power loss is caused by low shunt resistors (5, 8, 15 Q),
which also lowers the values of Isc and Voc.
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Fig. 7. P-V and I-V characteristics under series resistance variation
Table 4. PV Module results for varying series resistance
Shunt Resistance (Q) 5 10 15 950
Pmpp (W) 7.75 145 20.567 40
Voc (V) 11.75 | 19.375 | 20.567 | 21.28
Isc (A) 2.2105 | 2.245 2.298 2.35

2. Power conversion structure

Temgeé;‘t”re 0 15 25 35 45
Pmpp (W) 48 43 40 365 | 332
Voc (V) 255 | 2326 | 218 | 203 | 1838
Isc (A) 238 | 2365 | 2.35 | 2.046 | 2.03

Case 3: Series resistance variation

A boost converter is necessary for photovoltaic systems.
To keep the maximum output power constant, it employs
an MPPT controller. Fig. 8 Boost converter diagram.

Boost Converter

Fig. 6 shows the effect of series resistance (0, 2, 0.5, 0.9, 2 Q),
where the effect of resistance on the output power is shown with
a diaper on the same current and voltage. Its effect in the slope
of the curve is very obvious.

Fig. 8. DC-DC boost converter scheme
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di
Vy, = Ld_tL+Vd° (1-K)
™

dav
(1-K)I =C—%+1,
The step-up chopper's gain is directly correlated with the duty
cycle
\Y 1
L= ®)
Vo 1-K
In the continuous mode of the DC-DC boost converter,
the state space average model is depicted by

di pv =V__Vdc

dt Ev T(l_K) @
dV;"Czﬂ+lﬂ(l—K)
dt RC C
X = f(xt)+g(xtu(t) (10)
X =[5V ]T and K [0,1] (11)

3. MPPT methods

We will examine the structure, modelling, and operation
of the photovoltaic solar power system in conjunction with
the MPPT controller in this section. The two main types
of photovoltaic solar energy systems are grid-connected
and off-grid. For this effort, the independent system was chosen
because it focuses more on improving the generation of the supply
side rather than the demand or load side. As shown in the form.

Conventional MPPT Intelligent MPPT

Techuique Technique
Design an Modelling

on Matlab

Incremental Fuzzy Logice
I Condnctance (INC) Controle (FLC) ———
Standalone PV Analyss
2l T Sliding Mode l
Observe (P&O) Countrol (SMC) Resalts and

Discussion

Fig. 9. Methodology flowchart is displayed

3.1. P&O Methodology

The traditional P&O approach can become unstable when
irradiance fluctuates quickly, and the tracking performance
is strongly influenced by the step-size. This section presents
a rough explanation referred to as the modified P&O technique
of the link between step-size and MPPT performance [15].
Consistent current and voltage perturbation of the PV system
is carried out with this MPPT approach. When power increases,
or when AP >0, the perturbation that follows stays in that
direction until it reaches the maximum power point (MPP).
However, the direction of perturbation is reversed if a drop
in power, 4P <0, is monitored. The MPO MPPT algorithm
is shown in Fig. 10.

3.2. The approach for the incremental
conductance (IncCond)

The following equation is the foundation of the Incremental
Conductance (IncCond) algorithm and is held at the MPP [3].

(%}(\H:o; di/dv +1/V <0 (12)

The operating point is located on the right of the MPP while
it means that the voltage must be reduced to reach the MPP.

Similarly, dl/dV +1/V >0 if once the operating point
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is to the left of the MPP. Thus, the operating voltage must
be increased to reach the MPP [27]. Figure 11 shows
the organizational chart of the INC algorithm. Thus,
the right direction of perturbation leading to the MPP is indicated

by the sign of the amount (dl/dV )+(I N ). Therefore,

it is theoretically conceivable to determine when the MPP
has been reached and, consequently, when the perturbation can be
halted using the IC algorithm. In situations where atmospheric
conditions are changing quickly, the IC technique performs well.
Fig. 11 shows the algorithms INC.

Sense V(k) and I(K)
P(k) = V(Kk) x I{K)

AV = V(k) - V(k-1)
AP = (k) — P(k-1)

AP>0

RS

a(k) alk - 1) offset || a(k) = a(k 1) + offset || alk) = a(k 1) — offset |[a(k) = u(k 1) + offset

Fig. 10. Schematlc depicting the P&O algorithm
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|d:d—Ad||d:d7Ad| |d:d+Ad‘

| l l

Return

Fig. 11. Diagram illustrating the incremental conductance technique
3.3. Simulation results

In Matlab, P&0O MPPT and Wince MPPT are implemented
through custom coding and using the function block built
as shown in Fig. 12. Variable test conditions (temperature
and irradiance) are subjected to the INC MPPT and P&O MPPT
algorithm to determine how long it takes to track the MPP
and continue to extract the maximum power.

Fig. 13 shows the change in irradiation and temperature
applied in this research. The variable values of radiation
and temperature are presented in Table 2.

Test 1 is a change in the irradiance 1000 Wim?,
the temperature is constant T = 298 K (25°C), where the irradiance
settles for 0.5s as shown in Table 5 and then diminishes
to 800 W/m? and settles in the interval [0.55s, 1] after which
it is reduced to 600 W/m? and fixed in the interval [1s, 1.5 s].
The latter is stable during two times [1.5s, 2] with a value
of 1000 W/m?.

Test 2 is a change in temperature and with fixed irradiance
of 1000 W/m? where the temperature stabilizes at a value
of 25°C for 0.5s as shown in Table 5 and then rises rapidly
to a value of 45°C and stabilizes in the interval [0.5s, 1]
and then drops to 30°C and is fixed in the interval [1s, 1.55s].
The latter is stable over two periods [1.5s, 2s] with a value
of 25°C.
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Table 5. The varying irradiance and temperature

Time Irradiance Temperature
©) (W/m?) (9]
0-0.5 1000 25
0.5-1 800 45
1-15 600 30
1.5-2 1000 25
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Fig. 15. The simulation results are current, voltage and power with P&O, INC under
variable temperature

The power extraction results of the INC MPPT and P&O
MPPT algorithm are shown in Fig. 14. It takes INC MPPT 0.025 s
to track the MPP and perform the extraction of the remaining
energy, while P&0O MPPT takes 0.15s as can be seen. Fig. 15
shows the effect of temperature on the output of a photovoltaic
cell (Current, Voltage, Power). Where P&O technology takes
0.05s or INC takes 0.025s. In situation with rapid changes
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in irradiance and temperature, INC surpasses P&O thanks
to its accuracy in calculating instantaneous changes in voltage
and current. While P&0O may be delayed in responding
to rapid changes, which leads to a decrease in efficiency in such
conditions.

INC reacts faster and more accurately to sudden changes,
such as cloud transitions in solar energy systems or temperature
changes. It provides higher stability at MPP due to the fact that
it relies on the most accurate calculations to determine which point
achieves maximum capacity

P&O can lead to small vibrations around the maximum power
point due to the nature of the method that uses changes in voltage
to observe changes in power. This leads to a constant error about
the MPP point.

4. Sliding mode controller technique

It's among the most effective nonlinear control techniques.
The DC-DC converter's SMC controls the MPPT controller based
on SMC, which permits MPP in different weather circumstances.
More switching would voltage and power output oscillations grow
along with the MPP tracking speed.

The performance of the SMC-based MPPT is better than that
of other traditional approaches [1, 14]. It is necessary to impose
the restriction that system variables must stay within a preset
range when using a control formula, more especially for sliding
mode control (SMC) [4].

X = f(x1)+g0xu(t) (13)
The sliding surface S's derivative (x, t) is as follows:
S:M:i @dx_{_@dt =§X+§ (14)
dt dt\ ox ot ox ot

The matching control equation and discontinuous control
for the sliding surface sign have an impact on the sliding mode
control of the system U,,.

U =Ug +U, (15)

(U,) in order to satisfy the convergence requirement, the control
variable, is selected in a way that appeals to the sliding surface.

S(x)-S(x) <0 (16)
where U, is expressed as follows:
U, =-KgSan(S (x)) 17

The boost converter duty cycle is dynamically altered using
the sliding mode control method in order to track the MPP.

dP dl
pv PV
Bl L T vV

pv
Switch functions come in a variety.

dlpy

dv,,

dpP,
S(x)=—>- lpy +

= 19
e (19)

The analogous control is:
Ugg =1-V,, /VdC (20)

Contrasting the voltage of the PV panel with that of the load
yields, the boost converter duty ratio is:

U =1-(V, Ny )—KegSON(S (x)) (21)

Variations in the reference and PV voltages are among
the inputs used by the controller; the output of the sliding mode
control determines the duty cycle.

Results and discussion

In this section, three technologies P&O, INC, SMC
were compared and the system was modeled using
matlab/simulink. The same irradiance and temperature variation
used in the previous penalty was applied.
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Fig. 16. The output performance of the photovoltaic cell: current, voltage
and powerin a variable irradiance mode
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Fig. 17. The output performance of the photovoltaic cell: current, voltage and energy
at a variable temperature

Table 6. Response time per Technology

T('g)‘e "(r\";‘\‘/’/'r?:;;e P&O | INC SMC
005 1000 | 0.15s | 0.025s | 0.0155
05-1 800 0565 | 05155 | 05s
115 600 11s | 1.03s 1s
152 1000 1655 | 152s | 15s
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Fig. 16 and 17 shows the results of the effect of the irradiance
change on the outputs of the photovoltaic cell (current, voltage
and power). The response time results for each technique
are shown in Table 6. Note that all techniques enable tracking
the maximum power point, but with varying response times,
as shown in Table 6.

P&O technology shows vibration in the results in contrast
to INC technology, which showed constancy in response.
As for SMC technology, it showed high response speed
and excellent stability during changing weather conditions,
but it suffers from the phenomenon of chatter the results also show
that the tension is not affected by a change in irradiance,
and you can see that a change in irradiance affects the current and
energy.

In most cases, increasing the light can lead to a slight increase
in the open voltage, but this change is insignificant compared
to current changes. Solar cells are usually designed so that
the voltage is constant within a certain range of irradiance. Unlike
a change in temperature, as an increase in temperature may
slightly reduce the voltage

5. Power fuzzy controller synthesis

Due of fuzzy logic controller’s effectiveness and fuzzy
logic controllers have grown increasingly common in the last
few years used quite successfully in a wide range of industrial
applications [15].

FUZZY RULE BASE

e |
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Because of FLC wuses natural language and human
reasoning [17], fuzzy logic-based MPPT trackers have
demonstrated extremely good performances under varying
temperature and irradiance circumstances. To choose the right
fuzzification, inference mechanism, rule basis and defuzzification
methods, excellent design is necessary [17]. The inputs of fuzzy
controller are error () and its derivative (de).

Fig. 9 provides a general breakdown of the blurring
controller's architecture. The error (e) and its derivative which
are the two inputs for this controller, have through three steps
of information processing: fuzzification, défuzzification,
and inference to produce the output (du). The following
is a summary of each block's function [11].

The power and voltage derivatives (dPp/dVpy) in our instance
are the blur regulator's inputs [11], as seen in Fig. 13, together
with the error and its variation in the subsequent equations:

Pov (K)—Ppy (K -1)
ep (K)= (22)
Vo (K)=vp, (K1)

depv (k):epv (K)_epv (K -1) (23)

The blur controller's language variables are described
as follows: The association between inputs and outputs
is (PB: Positive Big, PS: Positive Small, Z: Zero, NS: Negative
Small, NB: Negative Big).
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Fig. 18. Fuzzy regulator synthesis block scheme
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NB NS z ] PD

Unit Delay3

| !
: ’ 5 f S D()
| . Output

| Defuzzification |
. Interface

Fuzzy Logic
Controller

NB NS Z Ps PB

0.5

=0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05

Fig. 20. Membership Function of (ePV, dePV)
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Fig. 21. Membership Function of duPV
5.1. Results and discussion

Comparison between P&O, INC and FLC

The results of the tests of the photoelectric control system
by the P&O, INC and FLC controller for two tests are represented
in Fig. 16 and Fig. 17.
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Fig. 20 and Fig. 22 show the results of the optimal power
of the photovoltaic system for variable temperature and Irradiance
conditions. Where FLC technology achieves the shortest response
time of 0.01 or FINC technology achieved a response time
of 0.025s and P&O technology the longest response time
of 0.045 s. The P&O algorithm is a classic and simple technique.
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Fig. 22. System performance using P&O and Inco FLC technologies under variable
irradiance
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Table 7. The voltage outputs of FLC, P&0O and Winc at specific Irradiance

and temperatures

Time () Irradiance (W/m?) P&O INC FLC
0-0.5 1000 18 18.24 18.24
0.5-1 800 17.8 17.8 17.8
1-15 600 17.3 175 17.6
1.5-2 1000 18.4 18.24 18.24

Time (5) T(°C) P&0 | INC | FLC
0-0.5 25 18 18.24 18.24
0.5-1 45 15.4 15.4 15.4
1-15 30 17.56 17.49 17.4
15-2 25 18 18.24 18.24

This algorithm depends on the initial conditions and shows
an oscillation around the value of the Homomorphism. The main
disadvantage of this algorithm is its poor behavior afterchanges
in atmospheric conditions.

While the INC algorithm behaves better than P&O technology
during a change in natural conditions. However, it is a more
complex technique than the previous one. FLC technology
is considered to be a strong behavior and stability during changing
weather conditions. Flexible adaptation to changes. High accuracy
in tracking the maximum point of energy.

Table 8 shows the voltage outputs of FLC, P&O and Winc
at specific irradiance and temperature.

Table 8. Comparison of response time between technologies tracking the maximum
power point (SMC, FLC)

T('g)‘e "(r\{j\‘l’/';@)ce smc | FLc T(eg‘)p SMC FLC

005 1000 0.016s | 002s | 25 | 00i5s | 00is
051 800 05055 | 055 45 | 05155 | 05035
115 600 1055 | Ls 30 1017s | 101s
152 1000 15055 | 15s 25 15065 | 15065

Comparison between FLC and SMC

The results of the tests of the photoelectric control system
by the SMC and FLC controller for two tests are represented
in Fig. 24 and Fig. 25.
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Fig. 24. PV panel current, voltage and power under different levels of irradiance
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Fig. 25. Temperature variations effects on the current, voltage and power of photovoltaic panels

5.2. Discussion

The results showed that intelligent algorithms not only
excelled in energy production but also in tracking speed.
The Table 8 table shows the results of the stabilization time
and tracking accuracy of the MPPT algorithms. a detailed
comparison of sliding mode control technology (SMC)
and fuzzy logic (FLC) in the field of maximum power point
tracking (MPPT) of photovoltaic cells is presented.

The analysis revealed a clear superiority of fuzzy logic despite
the fact that both technologies offer a quick and effective response
in the face of environmental changes.

Fig. 25 shows the current, voltage and power output
of the photovoltaic panel under variable radiation, a comparison
of sliding mode and fuzzy logic control. Both technologies
were able to track the maximum power point, SMC achieved
a stabilization time of 0.015s, and fuzzy logic achieved
a stabilization time of 0.01s. Although SMC achieves a quick
response, the comparison showed that FLC excels in this aspect.
Blur logic relies on flexible rules that can adapt to variables faster,
giving it an advantage in rapidly changing environments,
such as sudden changes in light intensity or temperature.
In turn, while SMC also shows a quick response, in some cases
it may experience a slight delay in the system's reaction
to environmental changes.

The results show that both technologies are characterized
by rapid response and flexibility during atmospheric changes,
however, SMC suffers from chatter in its outputs. Such chatter
causes undesirable fluctuations in measurements, which can lead
to loss of energy and loss of stability in the system.

On the contrary, FLC shows excellent response and superior
stability, as it manages to effectively eliminate the chattering
phenomenon, which enhances the stability of the system
and improves the energy extraction of photovoltaic.

On the other hand, although SMC provides a degree
of stability in the face of changes in weather conditions, FLC
remains superior in maintaining stability on an ongoing basis.

The ability of FLC to adapt to various environmental changes
gives it higher stability and better performance in unstable
environments.

The simulation results show that during a change
in temperature affects the current, voltage and power for sliding
mode and fuzzy logic system. The capacitive voltage decreases
with increasing temperature due to increased electron discharge
inside the cell.

This reduces the voltage generated while the output current
(Isc) increases slightly with temperature, but this is not significant
compared to voltage changes. Although the current may increase
slightly with temperature, a decrease in voltage leads to a decrease
in the total energy extracted from the cell.

High temperature negatively affects the efficiency
of photovoltaic cells and reduces their ability to generate energy.
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6. Simulation the four controllers and controllers
in the following conditions (T = 25°C
and irradiance G change)

We compare the four controllers based on the energy produced
by the photovoltaic system under changes in the level
of irradiation and a constant temperature at T =25°C.
The four controllers were able to track the maximum power point,
but with a different response time, We also note the effect
of an increase and decrease in the level of Irradiance G
on the energy produced by the photovoltaic system. By achieving
the constant temperature condition as shown in Fig. 26 and 27.
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Fig. 26. The variation of the power of the four controllers in the conditions (T = 25°C
and variable G)
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From Fig. 27a, the response time of the four control units,
where we observe that "SMC" is the fastest at 0.015 s, followed
by fuzzy logic control at 0.02 s, then INC at 0.02 s, and finally
P&O control with a slow response at 0.05 s.

In the "P&QO", "SMC", and "INC" controllers have
fluctuations in parts per million. They do not provide enough
precision, so the system does not operate at the optimal power
point perfectly. While the "Fuzzy" controllers are fixed.

From Fig. 27b, when there is a rapid change in radiation G
(at G =800 W/m?), we notice that the fuzzy logic controller
quickly follows PPM, followed by "SMC" and "INC",
and then P&O with a slow response.

When the irradiance G is reduced (at G =600 W/m?),
we observed that the response time of the "FLC" controller
is faster than the response time of the "SMC" and "INC"
controllers, while the P&O controller is very slow compared
to the others, as shown in Fig. 21c.

In Fig. 27b, when changing of the irradiance level
(G =1000 W/m?), the FLC unit gives the best result, followed
by "SMC", then "INC", and "P&O", which achieve the longest
response times with subsequent oscillations.

Table 9 presents the main specifications of the previously
analysed MPPT algorithms. We have evaluated these algorithms
and compared them based on the simplicity in implementation.

Accuracy in tracking, responding to sudden changes,
complexity of calculations, cost of implementation, stability
in unstable conditions and noise in control.
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Fig. 27. Zoom the power variation of the four condition controllers (T = 25°C and variable G)

Table 9. Complexity comparison all techniques follow the maximum power point

Criterion P&O INC SMC FLC
. A little Complex
TR Simple : : .
Simplicity in and easy to complicated Highly and requires
implementation im Iem)ént compared complex logical
P to P&O knowledge
Accurac Less accurate High accuracy Egjrlfiim Very high
. cy in rapid in changing racy, yhig
in tracking L noise accuracy
changes conditions .
resistance
Low Good Fast and Flexible
Response to performance response, accurate and fast
sudden changes in sudden especially in
- response response
changes changing light
Complexity . .
of calculations Low Average High High
Cost of . .
implementation Low Average High High
Stability
in unstable Low Good Excellent Excellent
conditions
Noise control Prone to noise Good Excellent Good

7. Conclusions

The study reveals that different approaches follow MPP
in different periods. However, the FLC MPPT system achieves
a stable state faster than other tracking strategies, while the P&O
method is slower when the radiation changes rapidly.

FLC provides fast movement of the operating point towards
the MPP, which reduces the loss of energy from the search
process.

The durability of the proposed approach is confirmed
by the results obtained and previously presented, showing power
and voltage responses during rapid temperature fluctuations.

The FLC-MPPT and SMC algorithm has successfully
achieved the maximum power point with much better performance
than INC WP&O technologies. It performed better in all scenarios
in terms of performance metrics such as override values
and settlement time.

The creation of photovoltaic energy as a viable energy
source on the market largely depends on its efficiency, stability
and reliability.
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One of the most important reasons why photovoltaic
has become a market leader is its efficiency, reliability
and stability.

In this research we studied and compared several popular
techniques for tracking the maximum power point using classical
algorithms (P&O, INC) and modern algorithms that attracted
researchers (SMC, FLC).

From this lesson, we conclude that the foggy mode (FLC)
is one of the algorithms that managed to improve stability
and increase the reliability of photovoltaic energy conversion
especially in the event of a sudden change in weather conditions.
In the future, we are looking forward to achieving a couple
(SMC-FLC).

Fuzzy-sliding mode control (FSMC) technologies in order
to optimize solar PV systems using controllers that are better
compatible.
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